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Abstract: Anti-fouling coatings method is a relatively feasible and efficient measure for controlling golden 
mussel attachment on concrete structures. Forced attachment experiments were carried out to study the 
anti-fouling effectiveness of the 17 selected types of commercially available coatings. The results showed that 
L-silane, one-component polyurea(2), vinyl resin and P-silane were more effective compared to the other coating 
materials in antifouling by reducing the mean number of byssuses and mean attachment force of Limnoperna 
fortunei. The experimental results show that the mean number of byssuses and mean attachment force were 
negatively related to the contact angle on the materials, and positively related to the dispersion force component 
of surface free energy. Therefore, either increasing the contact angle or reducing the dispersion force component 
of surface free energy is recommend to improve the efficiency of preventing golden mussel bio-fouling on the 
materials.  

1. INTRODUCTION 

Golden mussel (Limnoperna fortunei), originating from South China, is a filter-feeding species of freshwater 
mussels. This species easily invades water transfer tunnels and densely attaches on tunnel walls, causing 
bio-fouling and blockage of pipelines, reducing water transfer efficiency, resulting in structure corrosion and 
threat to the project operation.  

It is suggested that effective antifouling and/or easy-to-clean materials or coatings are among the most 
effective and environmentally-friendly measures for controlling golden mussel biofouling [1]. Three categories 
of test coupons: commonly used materials, coatings and silane-coupled glass, were investigated and revealed that 
1) the number of secreted threads was higher on stainless steel than on Pyrex glass; 2) adhesive pad failures were 
more frequent on the three silicone resin-based coatings; 3) the number of adhesive pad failures on fluoro-silane 
coupled glass was considerably higher than on the other coupons [2]. 

There are some investigations about the correlation between attachment characteristics and the properties of 
the substratum. It was found that attachment was considerably reduced on the substrates which exhibited 
relatively low surface free energy (sfe) and the percentage mussel attachment was related to the polar component 
[3]. In addition, low hydrogen bonding sfe at the substratum surface was a prerequisite in decreasing the 
detachment energy of L. fortunei [1]. 

The aim of this paper is to study the antifouling effectiveness of the different materials found in the market 
for preventing golden mussel attachment. 

2. MATERIALS AND METHODS 

The tested coatings are all commonly used materials and belonged to 9 groups, viz silicate-based coating 
material, acrylic resin, epoxy resin, polyurethane, polyurea, vinyl resin, silane, fluorocarbon resin and 
self-polishing coating according to their physicochemical properties. The names of the 17 tested materials are 
listed in Table 1. They are environmentally friendly, easy-to-construct and adapted to damp concrete surface. 

The effectiveness of different antifouling materials was tested using the forcing attachment experimental 
methods proposed by [2]. The test coupons (150×150×20 mm, made of cement, sand, gravel, water and coating 
materials on the surfaces) were prepared in the lab in advance. The tested L. fortunei with an average shell length 
of 15-20 mm were collected from the Xizhijiang River and tied loosely with fine stainless steel wire on the test 
coupons and then cultivated in the flume for 7 days.  

For half of the coupons, the number of secreted byssuses were counted and measured under a microscope. 



 

And for the other half of coupons, detachment tests were conducted with the aid of a tensile loading apparatus 
pulling the mussels off from the surface and recording the maximum tensile force for detachment. 

The surface free energy (sfe) of the substrates is an important parameter determining the surface properties. 
The values of the contact angle of a liquid on the solid surface are related to the sfe and there are several 
calculation methods of the sfe based on the contact angle. 

The sfe of the substrate was measured by Fowkes’s method [4]. In brief, it was determined by a combination 
of Fowkes’s and Young’s equations [5]. Fowkes regarded that only the dispersion components of the sfe had an 
effect on the interface. The dispersion ( d

sγ ) components of the sfe was calculated using the equation 
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where d
sγ  and d

Lγ  were known dispersion components of the sfe of the substrates and liquids, and θ  was 
the measured contact angle of these liquids on a substrate. The contact angles of pure water on the test substrates 
were measured by applying the sessile drop method with a contact angle goniometer (OCA20 type, Data Physics 
Corporation, Germany) at 20℃. Measurements for each coating were repeated 5 times to account for variation in 
measurements. For nonpolar solid, s

d
s γγ =  and d

sγ  represented dispersion components of the sfe of the 
substrates as for polar solid.  

3. RESULTS 

3.1 Byssuses and attachment force 

Figure 1 displays the mean number of byssuses and mean attachment force of the golden mussel on each type of 
material. Generally, the coated coupons except for polyurethane had less byssuses and smaller attachment force 
than the uncoated coupons. L-silane, one-component polyurea(2), epoxy resin-based (2), vinyl resin, 
self-polishing ceramic coatin, double component polyuria and P-silane exhibited the least secreted byssuses. To 
be specific, the mean number of secreted byssuses on L-silane was reduced by 35.7% than the uncoated coupons. 
Vinyl resin, L-silane, one-component polyurea(1), modified elastic epoxy resin, P-silane and one-component 
polyurea(2) exhibited the smallest attachment force, in which the mean attachment force on vinyl resin was 
reduced by 77.5% than the uncoated coupons. To sum up, L-silane, one-component polyurea(2), vinyl resin and 
P-silane showed a better antifouling effect as the mean number of byssuses and mean attachment force on these 
materials were much less and lower than the uncoated coupons. 

3.2 Surface properties 

The contact angle and dispersion components of the sfe of the substrates are listed in Table 1. The correlations 
between attachment characteristics and the properties of the substratum are shown in Figure 2. The experimental 
results indicated that the mean number of byssuses and mean attachment force were negatively related to the 
contact angle on the materials, and positively related to the dispersion components of the surface free energy 
(Fowkes method). 

4. CONCLUSIONS 

To sum up, L-silane, one-component polyurea(2), vinyl resin and P-silane had a better antifouling effect as for 
the mean number of byssuses and mean attachment force. The experimental results showed that the mean 
number of byssuses and mean attachment force were negatively related to the contact angle on the materials, and 
positively related to the dispersion components of the surface free energy. Therefore, either increasing the 
contact angle or reducing the dispersion components of the surface free energy is recommend to improve the 
efficiency of preventing golden mussel bio-fouling on the materials. 
 
 
 
 
 
 
 



 

Table 1. The contact angle and dispersion components of the sfe of the substrates 

Substrate 
Mean 

number of 
byssuses 

Mean 
attachment 

force/N 

Mean 
contact 

angle/(°) 

The dispersion 
components of the 

SFE/(mJ•m-2) 
Uncoated 25.47 2.00 28.4 214.74 

Sodium silicate-based coating 22.79 1.15 38.72 192.62 
Potassium silicate-based coating  24.29 1.49 36.62 197.50 

Polyurethane modified by 
inorganic nano-particles 

21.05 1.29 89.76 61.29 

Modified acrylic resin 23.07 1.18 62.80 129.04 
Modified elastic epoxy resin 20.18 0.96 58.80 140.06 

Epoxy resin-based (1)  21.00 1.54 66.08 120.07 
Epoxy resin-based (2)  18.82 1.43 71.55 105.34 

One-component polyurea (1)  20.77 0.93 95.63 49.45 
One-component polyurea (2)  17.87 1.01 78.80 86.68 
Double component polyurea 19.43 1.36 73.43 100.38 

Vinyl resin 19.00 0.45 89.28 62.32 
The silane paste（P-silane） 19.27 0.96 121.46 13.89 

The silane liquid （L-silane） 16.38 0.69 134.54 5.42 
Fluorocarbon resin 21.00 1.36 97.23 46.45 

Polyurethane 25.92 2.17 59.40 138.41 
Methanesiliconic acid sodium salt 23.56 1.31 80.00 83.72 

Self-polishing ceramic coating 19.00 1.10 58.10 141.99 

 
Figure1. The mean number of byssuses and mean attachment force of each material 
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y = 0.0288x + 18.028 
R² = 0.4316 
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(a)                                       (b) 

 
(c)                                      (d) 

Figure 2. Relation between forcing attachment experiments and surface properties of the substrates (the 
dispersion component of SFE can be calculated by the contact angle) 
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