
New integrated noise absorbing coating 

Z. J. Ji, J. M. Wang, G. H. Liu & J. Wang  
China Building Materials Academy, China 

Abstract 

Nowadays, with growing concerns about our living environment in general, 
environmental pollution is becoming the most important problem that the world 
faces. One aspect of that pollution is of noise, and our research has been focusing 
on the problem for a long time resulting in a product which is now available in 
the form of a coating. This noise absorbing coating has some virtues. Firstly, it is 
as easy to paint as a normal water-based coating which will not result in organic 
pollution. Secondly, artistic effect is also a characteristic when the coating is 
applied. Thirdly, it has an extra function which can adjust environmental 
humidity to a comfortable level. Finally, the most important point is that this 
product has a price advantage compared to similar products. 
Keywords: integrated, noise absorbing, water-based, humidity absorption. 

1 Introduction 

Nowadays, noise pollution has become a new focus around the world. It has not 
only influenced people’s normal life, but also induced some deadly disease. 
Since noise problems have become much more serious, the demand for a better 
environment and comfortable life increases. Materials, which can absorb and 
reduce noise waves, are strongly desired. Accordingly, researchers have paid 
much attention to the sound absorbing features of varied granular or particle 
materials, especially porous materials. The porous materials, including mineral 
materials, fibres, foams and perforated plates, are widely used in architectural 
acoustic design owing to their sound absorption characteristics [1–7]. And, 
porous materials have been successfully applied in noise barriers walls and 
freeways. But, porous materials are not good at low noise frequency. Even more, 
porous materials are usually quite thick and made into plates for application [8, 9]. 
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     Porous plates have good performance in noise absorbing at some frequencies 
for indoor environment; but most of them are placed as ceilings or walls which 
are skilfully installed and need more space. There are very few thin coating 
products, which have good noise absorption performance reported. This paper 
focuses on designing a noise absorbing coating for living space. It has dual 
benefits with good absorbing performance on noise and moisture. It especially 
has great performance in medium and high frequency noise absorbing and better 
performance in low-frequency noise absorbing. The functional parts of the 
coating are mostly expanded perlite and woody fibre [10]. The addition of 
woody fibre helped the new integrated noise absorbing coating achieve good 
performance. 

2 Experimental study and methods 

Perlite is a siliceous volcanic, and expands by 10-30 times its original volume 
when heated up. Expanded perlites are usually made into plates for thermal 
insulation and noise absorbing. Good results on its performance have been 
reported in Asia, and especially in Japan [9].  
     Expanded perlite, especially with an open pore structure, is widely studied in 
the field of noise absorbing materials. It is well known that open pore material on 
its own has a good performance at noise absorbing [11]. In this paper, different 
kinds of expanded perlite are studied, ranging from close pore to open pore. 
     There are four different expanded-perlite samples as experiment objects: 
1# incomplete-expanded perlite, 2# open-pore expanded perlite, 3# close-pore 
expanded perlite, and 4# waterproof expanded-perlite. Sample 3# is from 
Xinyang, Henan; the other three samples are from Langfang, Hebei. They have 
an average particle diameter of 1mm. According to the prescription design of the 
coating, expanded-perlite is added into the coating as a ratio of 25%–35% which 
is for making a thick water-based coating. Here, a thick coating is compared to 
normal water-based coatings for indoor and outdoor walls. 
     Coating samples are sprayed on cement fibreboard with a diameter of 10mm. 
The thickness of dried coating is around 3mm-5mm. In this experiment, spraying 
is chosen because it is easy and convenient and an artistic look can be achieved.  
Fig. 1 is the surface topography of four different samples. As shown in Fig.1, it 
can be seen that samples 1# and 2# have a porous surface, but sample 3# and 
sample 4# do not have that phenomena. 

2.1 Noise absorption coefficient test of expanded-perlite samples 

2.1.1 Conditions of noise absorption test  
Noise absorption coefficient measured with the tube method. The frequency 
range is from 200Hz to 2000Hz.  
     The test was based on GBJ 88-85 Survey Standard of Noise Absorption 
Coefficient of Tube Method and Specific Acoustic Impedance, Chinese standard. 
The environment condition was temperature 24 and relative humidity 50%. The 
tests were done by the Institute of Acoustic, Chinese Academy of Sciences. 
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                            Sample 1#                                     Sample 2# 

   
Sample 3#                                                    Sample 4# 

Figure 1: Examples of four expanded perlite coatings. 1# is incomplete-
expanded perlite coating. 2# is open-pore expanded perlite coating. 
3# is close-pore expanded perlite coating. 4# is waterproof 
expanded-perlite coating. 

Table 1:  Testing machine. 

Name Model/Standard 
Tube equipment B&K 4002 

Multichannel analyzer B&KPULSE 3560 
Power amplifier B&K 2706 
Audio analyzer B&K 2112 

2.1.2 Noise absorption coefficient results of four samples 
As shown in Fig.2, samples 1# and 4# have almost no performance in noise 
absorbing, no matter whether low or high frequency. Same as 1# and 4#, samples  
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Figure 2: Experiment of noise absorption coefficient of expanded-perlite 

samples. 

2# and 3# also are not good at low-frequency noise absorption; however, they 
have showed a strong ability of noise absorbing in medium- and high-frequency. 
Sample 2#, added open-pore perlite, has a great performance around 1600HZ. 
Sample 3#, added close-pore perlite has a great performance around 1000HZ. So 
it can be concluded that sample 2# and sample 3#, namely open and close pore 
perlite, have good noise absorption. 
     According to existing research, close-pore perlite is widely considered as a 
poor material in the noise-absorbing process. But in this experiment, close-pore 
perlite shows a wonderful character in reducing noise.  
     Normally, people are very sensitive about high-frequency noise and relatively 
insensitive about low-frequency noise. However, people are always getting 
troubled by low-frequency noise and our coating belongs to indoor paints. 
Therefore, further study will be focused on improving performance in low-
frequency noise reduction.  

2.2 Humidity adjusting test of expanded-perlite samples 

2.2.1 Conditions of humidity adjusting test 
The test was based on Chinese industry standard of building materials, Testing 
Methods of Moisture Absorption and Desorption of Building Materials. A 
humidity absorption experiment of four samples was processed under relative 
humidity 95% within 24 hours; followed by a 24-hour process of humidity 
desorption experiment under relative humidity 30%. The results are figured out 
according to the standard. 
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2.2.2 Humidity adjusting results of four samples 
The result in table 2 show two sets of data: the first is humidity absorption and 
desorption per unit area; the second is humidity absorption and desorption per 
unit mass. Because unavoidable errors in the painting process, the ranges of the 
two sets of data may not be matched perfectly. Combining the whole data, it 
shows a strong humidity absorbing ability of samples 1#, 2#, and 3#.  Comparing 
with humidity absorption ability, humidity desorbing performance is more 
important.  

Table 2:  Humidity adjusting test results. 

 
     Consequently, samples 2# and 3# are considered as the best two humidity 
adjusting materials, which are exactly same two samples chosen for the noise-
absorption process. This conclusion provides the likelihood to combine open-
pore and close-pore perlite to prepare a new integrated coating sample. 

2.3 Noise absorption coefficient test of integrated expanded-perlite sample. 

A new integrated expanded-perlite sample, named sample 5#, combines open-
pore perlite, close-pore perlite, and a few woody fibres. Compared with 
expanded-perlite, woody fibre has a smaller porous diameter which can cause a 
good performance in noise absorption at a low-frequency. The method and 
condition of this experiment is the same process with 2.1.1. The coating has 
woody fibre of 1%-5%, open-pore expanded perlite 15%-25%, and close-cell 
expanded perlite 5%-15%. After the same experiment process, the result is 
shown in the following Fig. 3.  
     Fig. 3 shows a great improvement of noise absorbing performance in low-
frequency. According to a former study, expanded-perlite has good absorbing 
ability in high-frequency which means that woody fibre improves inside porous 
structure. Along with an increase of noise frequency, the integrated coating 
sample can reduce noise better. As discussed above, people are usually sensitive 
of high-frequency noise. So, this integrated coating sample is very close to the 
actual application. 

Performance 1#  2# 3# 4# 

Humidity absorption (g/m2) 226.24 223.84 251.36 188 

Humidity desorption (g/m2） 161.92 208.8 197.92 124.32 

Effect of Humidity 
absorption×1000 (g/g） 

53 49 44 42 

Effect of Humidity 
desorption×1000 (g/g） 

38 46 34 28 
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Figure 3: Noise absorption coefficient of integrated coating sample. 

3 Principle of noise absorbing 

According to Huygens’ Principle, porous noise-absorbing material, with its open 
pore structure, has a certain character of aeration. When the noise waves impact 
upon the surface of porous materials, there are two main causes which lead to 
noise reduction. Firstly, the vibration, caused by noise waves, results in air 
movement inside pores and spaces. Therefore, friction happens between air 
molecules and the pore wall. However, air molecules closed to the pore wall and 
surface fibre are hard to move optionally. With the effect of friction and viscous 
force, a considerable portion of noise energy turns into thermal energy which 
causes a reduction of noise waves and reflection to achieve the purpose of noise 
absorption. Secondly, air flows within pores leads to a thermal exchange 
between the pore wall and surface fibre, which is also a reason of reduction of 
thermal energy. 
     The problem is that multi-porous material usually has a good performance of 
noise absorption in high-frequencies because high-frequency noise waves speed 
up vibration of air particles in interspaces and thermal exchange as well. In order 
to improve the noise absorbing performance in low-frequencies, woody fibre 
without poison, smell, pollution, and radioactivity was chosen as the new 
additive. 
     Woody fibre builds a 3D network within the integrated coating and improves 
viscosity of dried paint. It solves the problem of low durability caused by brittle 
structure of dry expanded-perlite coating. Expanded-perlite particles have 
extensive inner pore channels; and the original coating sample also has lots of 
inside cavities. As an important additive, woody fibre becomes the media to 
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interconnect these pores and cavities. Therefore, this new integrated coating 
sample has better noise absorption coefficient than before.  

4 Findings and discussion  

As seen in these figures and tables, in terms of noise absorption coefficient the 
performance at medium and high frequency is better than at low frequency. 
Through noise absorption experiments, it is proved that open and close pore 
perlite has a good performance at some frequencies. It is also found that closed-
pore expanded perlite has a good quality at high frequency. And, in a humidity 
adjusting experiment, it is found that open and close pore perlite is the better of 
two kinds. 
     In order to improve the noise absorption at low frequency, one kind of woody 
fibre is designed as an additive to the coating. After addition of the woody fibre, 
the performance of noise-absorption in low frequencies has been improved 
relatively; but it still needs to be further improved.  

5  Conclusions 

A novel integrated noise absorbing coating has been designed without causing 
any organic pollution. It could be easily sprayed like normal water-based 
coating, and also has artistic effect because of its natural stereoscopic decorative 
effect. According to mature coating technology and expanded-perlite processing 
technology, productive cost can be controlled within an acceptable level by 
normal consumers. The most important characteristic of this material is that it 
also combines a humidity controlling ability which allows relative future product 
to adapt to any environments of the world. 
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