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UTILIZATION OF WASTE PLASTIC FOR 

REDUCING NOISE 
 

Abstract: System of the used automobiles collection and 

deposit may be considered as satisfactory at the recent 

time. Problem remains the application of materials, 

coming from the car wracks recycling. Unceasingly 

sought are the new possibilities for the efficient and 

complex use of these materials.  Present paper deals 

with the possible way of their application in the sphere 
of human protection against the negative effects of the 

noise. Carried out research discovers new fields of the 

waste rubber, plastics, plastic foam and interior fabrics 

application. Authors proposed such composition of 

sound absorbing sandwiches, which enable their effi-

cient use in the field of the acoustic insulation.  

Keywords: recycling, sound absorption coefficient. 

 

1. INTRODUCTION  
Automobiles represent, from the point 

of their construction and composition of 

materials, a large complex of variety of 

materials and raw materials. Their mutual 

proportion changes with the design and 

innovation of new types of automobiles. 

As the weight is considered, the largest 

proportion relates to the metallic materials. 

In average it can be said for the recent 

expiring automobiles that they contain 

about 8% of plastics and about 4% of 

rubber products. In Fig.1 presented are the 
main material components of automobiles 

in the form of pie diagram. 

 

 
Figure 1 - Material composition of auto-

mobiles 

 

2. MATERIAL COMPOSITION 

OF PRODUCTS FOR SOLVING 

THE REQUIREMENTS OF THE 

AIRBORNE SOUND INSULA-

TION 
 

The characteristic for the products ap-

plied as acoustic insulators, is their com-

pact structure, high density and accom-

plishment enabling to join the individual 

elements into the walls in different way, by 

so called locks. These products also pos-

sess excellent physical and mechanical 

parameters as well as toughness.  

From point of material composition 
for these components holds the principle 

that they are the mixture of so called "soft" 

and "hard" plastics. The soft plastics 

represent the products based on PE – 

mainly foils. 

The optimum ratio of soft to hard 

plastics is 65% to 35%. From the used 

automobiles used can only be products 

rated in category as „hard“ plastics. These 

could be for example containers for vari-

ous liquids made from PE, interior ele-
ments made mainly from PP, parts of 

lights made from PMMA, or sorted out 
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bumpers or mudguards from PC. 

Based on the practical experience it 

can be said that the proportion of plastics 

from used cars applied in production of 

products from the mixture of plastics 

wastes is 1% maximum. Reason for such 

low number is also the fact that in majority 
of cases plastic products applied in auto-

mobiles are combined with other materials. 

The separation of the used plastics can be 

realised with problems so from point of 

economy as from the point of technique.  

In connection with the plastics appli-

cation in the automobile industry and the-

possibility of the waste generated use in 

solving the acoustic problems, it is possi-

ble to exploit the technological waste gen-

erated in the production of the components 

for the automobile industry. This is case of 
refuse from PP profiles production. This is 

featured with the high degree of purity, is 

of one kind and is produced in the final 

stage of production of the products in the 

form of cuttings and cut-outs. This materi-

al is then used to roll the foils. Such foil is 

applicable in combination with the sound 

absorbing absorbers to increase the air-

borne sound-insulation and after being 

perforated it can be used as covering foil 

for the applications in exterior (or even in 
interior) sound absorbing panels.  

 

 

3. MATERIAL COMPOSITION 

OF THE PRODUCTS APPLIED IN 

SOLVING THE SOUND AB-

SORPTION 
 

Plastic or rubber fractions from the 
used cars recycling offer actually materials 

suitable for the sound absorbing compo-

nents production. Main sources of such 

materials are (Figure 2): 

1) used  tyres, 

2) car seats, 

3) car seat covers. 

To produce the sound absorption 

components used are mainly the various 

size fractions of crushed rubber and partly 

also the fabric cords, mainly based on 

PES. For the sandwich construction of 

sound absorbing components usually used 

are the rubber crushed fraction minimum 

of 2 various grain sizes. 

 

 
Figure 2 Material sources for sound ab-

sorbing component production 

 

 

3. TECHNOLOGY OF SOUND 

ABSORBING COMPONENTS 

PRODUCTION 
 

From among the products of the used 
car recycling, for the production of the 

sound absorbing components, applied can 

be only the products of the subsequent 

recycling of the tyres and car seats includ-

ing the car seat covers. Technology of the 

tyres or car seats recycling alone is the 

special process that is basically universal 

one for the subsequent further valuation of 

products of the recycling. Therefore as the 

next, we shall deal with rubber crushed 

fraction (rasp particles) processing, the 

crushed fraction from the fabric cord and 
crushed fraction from the car seats and car 

seat covers, i.e. with the raw materials 

used in the production of the sound ab-

sorbing components. It should be men-

tioned that the principles of the technolo-

gies applied for the individual components 

are in principle the same – it is the process 

of their compacting by netting under the 

effect of the temperature and pressure.  
Technology of sound absorbing com-

ponents production from tyres 
The product of tyres recycling, suita-

ble for the subsequent production of the 
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sound absorbing components, are the rub-

ber crushed fraction of different particles 

size, than fabric cord and rubber „rasp 

particles“ from the tyres treading. In prin-

ciple, it is possible to produce several va-

riants of the sound absorbing component: 

a) mono-structural element, pro-
duced from only one size fraction 

of the crushed rubber fraction, 

(Fig. 4A), 

b) sandwich structure, where the 

sandwich is composed of  2 – 3 

layers of the rubber crushed frac-

tion of different grain size,  

c) sandwich structure, where the 

sandwich is composed of 1 – 2 

layers of the rubber crushed frac-

tion and 1 layer of  fabric cord, 

(Fig. 4B), 
d) sandwich structure, where the 

sandwich is composed of 1 – 2 

layers of the rubber crushed frac-

tion and layer of crushed fraction 

from car seats and car seat cov-

ers, (Fig. 4C). 

Any of these products is the self-

carrying and in concrete application it 

must be combined with the carrying con-

struction. 

 

 

 
Figure 3 - Examples of sound absorbing 

elements 

 

a) Mono-structural component is 

most frequently produced from 

the rubber fraction with the grain 

size of 4 – 6 mm. It can be pro-

duced with the smooth surface of 
the front wall or with its relief 

surface. Creation of the relief 

enables to enlarge surface of the 

product and it results in the posi-

tive effect on the product sound 

absorption. However the value of 

the sound absorption is closely 

related to the product volume 

weight, its hardness and firmness. 

This holds also for other types of 

the sound absorbing components. 

b) Elements with the sandwich struc-
ture formed of 2 to 3 layers of the 

rubber crushed fraction with the 

different grain size are so con-

structed that the decisive sound 

absorbing function has the middle 

layer. The upper or lower layer 

has first of all the protection role. 

The upper layer can also be co-

lourfully processed. This layer is 

as maximum 10 – 15 mm thick, 

taht is about 10% of the product 
entire thickness. The middle 

layer, forming 80% or in case of 

the two-layer sandwich 90% of 

the entire thickness, plays the de-

cisive function in the sound ab-

sorption. Sandwich must be suffi-

ciently strong and elastic and to 

form the „sound absorbing laby-

rinth“ suitable are the rubber 

crushed fractions with the grain 

size of 5 – 6 mm.  The lower layer 
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is made from fine grain fraction. 

Its protective role is significant 

mainly when this type of sand-

wich is used in combination with 

the concrete carrier, to which the 

sandwich is fixed or when sand-

wich is cast into the concrete pa-
nels.  

c) The sound absorbing component 

of the sandwich structure with the 

fabric cord is actually the analo-

gy to the former type with the ex-

ception that the middle layer is 

made from the compacted fabric 

cord. In comparison to the rub-

ber, the fabric cords assume bet-

ter sound absorption. However 

they are compacted with the 

greater difficulty and do not form 
so hard and compact layer as it is 

in case of the sandwich made 

from the rubber. Therefore in this 

case, the function of the upper 

and lower layer of the sandwich 

is of high importance.  

d) Similar construction solution 

represents the sandwich structure 

of the sound absorbing compo-

nent, where the layer from 

the fabric cord is replaced by the 
layer made from the crushed frac-

tion from the car seats and car 

seat covers. Composition of such 

sandwich was selected based on 

the analysis of the sound absorp-

tion of the compacted waste from 

the car seats and car seat covers. 

Moreover, in case of this materi-

al, obtained may be the stronger 

and more compact components. 

With regard to this property, it is 
possible to omit the lower rubber 

layer.  

Sandwich structure is highly suitable 

also from the point of gradual transforma-

tion of the energy of sound waves into the 

thermal energy. Acoustic energy of the 

sound waves after the impact on the sound 

absorbing component is partially reflected 

and partially absorbed in the structure of 

the porous material. This is then trans-

formed into the thermal energy in its struc-

ture of openings of different size.  If the 

sound absorbing component is of sandwich 

structure, than the effect of the acoustic 

energy transformation into the thermal 
energy from the reflection of the already 

reflected waves on the inter-layer interface 

is increased. Sound waves, which passed 

through the upper layer and were partially 

reflected on the following lower layer, 

have got at the interface the tendency to 

return partially to the lower layer and par-

tially to be absorbed in the upper layer 

when passing through it – to be trans-

formed into the thermal energy. Applying 

the suitable construction of the sandwich, 

it is possible to influence the resultant effi-
ciency and the level of the sound absorp-

tion.  
Technology of the sandwiches produc-

tion by pressing  
In the production of the sound absorb-

ing single-layer or sandwich components, 

applied may be the technology of pressing 

or the technology of compacting by the 

microwave heating (Fig. 5).  

In the technology of pressing used are 

the large scale presses, most frequently the 
hydraulic ones. The pressing undergoes 

under high pressure – min. 20,265 bar with 

the heated pressing tools. The lower part is 

heated to the temperature of 120˚C, the 

upper part is heated to the temperature of 

90˚C. The pressing mould must be so con-

structed that assumed is good heat ex-

change, i. e the period of mould and 

pressed material heating are as short as 

possible.  

The mixture of the rubber crushed 
fraction or fabric cord and the binder is 

prepared in the mixers. The feed of the raw 

material is determined according to the 

thickness of the individual layers (rubber 

crushed fraction, fabric cord, or crushed 

car seats and car seat covers). The binder 

content is within 12 to 16%. Its concentra-

tion is estimated according to the material 
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absorbing capacity and requested rigidity 

of the product. To enhance the chemical 

reaction of the compacting, catalyst is add-

ed to the binder in the amount of max. 

0,2%. In the case when the fireproof 

processing is required, to the mixture add-

ed is 6 – 8% of fire retardant. Applied 
binder is based on the polyurethane – po-

lybutadiene, the fire retardant is based on 

the bromine aromate and antimony oxide. 

Individual layers are put in layers into 

mould in sequence – after the first layer 

levelling (rubber) added is the second layer 

(rubber, fabric cord, PUR), possibly the 

third layer (rubber). Then mould is closed 

by its upper part and is pressed under heat 

for 12 to 15 minutes according to the 

thickness of the sandwich produced. 
Technology sandwich production by 

microwave heating  
High energy and economy demand of 

the production by pressing is solved by the 

technology of microwave heating. In such 

way significantly reduced is the production 

technology cycle from 12 to 15 minutes to 

4 to 5 minutes. The principle of the tech-

nological process lies in the fact, that the 

needed mixture is prepared in the mixer. 

Moulds may be simple and as rule are 

made of wood. After the layers are put, the 
mould is closed by its upper part. The 

mould closing is realised by the light pres-

sure and the upper part is fixed by the pins. 

The closed mould is then passed on the 

conveyer into the microwave tunnel where 

the compacting is performed. The rate of 

the pass through the tunnel is so adjusted 

that the mould stays there for about 4 to 5 

minutes. The voltage generating the mi-

crowaves is about 5 kV. Applied binder, 

catalyst, or also possibly the fire retardant 
are used similarly as in case of the classic-

al pressing. 

 
Figure 4 - Technology of sandwich pro-

duction by pressing 

The car seats and car seat covers are 

made prevailingly from the soft „firm“ 

materials. Due to the high porous structure 

of the crushed fraction made from the 
above, it has got the excellent qualification 

for the production of the sound absorbing 

elements. Products based on the recycled 

car seats and car seat covers are jointly 

marked as Eco-plastic foam.  Patented new 

technology of the waste processing from 

the car seats and car seat covers in the 

process of compacting exploits the effect 

of hot steam, while no high pressure is 

needed as in case of pressing.  

Technology is featured in principle by 

3 technological nodes: 
a) mixing, 

b) steaming, 

c) hardening (seasoning).  

In during the „mixing“ process the 

crushed fractions from the car seats  

and car seat covers  is mixed with the ad-

hesive agent. Type of the adhesive agent 

and its concentration is protected by pa-

tent. As alternatives processed may be: 
a) 100% car seat (PUR), 

b) 100% car seat covers (PES, 
PUR), 

c) 50% car seats – 50% car seat 

covers. 

The mixing cycle lasts for about 10 

minutes and prepared mixture is filled into 

the mould, where after its closing starts the 

„steaming“process. During this period the 

mixture is compacted due to the effect of 

160°C hot steam. This process lasts for 
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about 10 minutes. The steamed mixture is 

left to season for another 10 minutes – to 

harden and ready products can be taken 

out from the mould.  

These products are used as fixed in the 

frame. The product may be so performed 

that it includes also the reinforcement and 
in such a way the becomes self carrying. 

Technological process of the production 

does not change. After filling the mould by 

half, inserted is the reinforcement, than 

mould is filled up and process of steaming 

and seasoning continues. The reinforce-

ment enables to create the gripping anc-

hors for the creation of the mobile and 

easily demountable soundproof measures. 

The exploitation of the hot steam for 

the compacting is technologically high 

efficient – hot steam completely heats the 
entire filled up mould. The uniform and 

fast heating of the mixture has got also a 

positive effect on the technological cycle 

reduction. 

 

Figure 5 - Technology of sandwich pro-

duction by pressing 

 

 

4. RESULTS OBTAINED FROM 

THE VERIFICATION OF THE 

ACOUSTIC PROPERTIES OF AB-

SORBERS FROM THE RE-

CYCLED TYRES 
 

In course of the development of the 

absorbers from the recycled tyres tested 

were various alternatives of the composi-

tion and thickness of the sandwich accom-

plishment. The research was based on the 

fact that major application sphere is the 

construction of the  soundproof walls in 

the vicinity of the traffic communications, 

as well as exploitation of these absorbers 

in reducing the industrial noise.  

Two-layer sandwich 
For the applications in the combina-

tion with the plastic frame developed and 

verified was the sandwich produced by 

pressing, where the upper layer was made 

from the recycled rubber and the lower one 

(the sound absorbing) was made from the 

fabric cords. The results from the acoustic 

parameters verification are provided in 

Tab. 1. 

Table 1 - Characteristic of two-layer 

sandwich 

Two-layer sandwich 

Product charac-

teristic 

Frequency 

[Hz] 

Sound 

absorption 

coefficient 

α [-] 

Total 

thickness 

of sand-

wich [mm] 

65 100 0.13 

  200 0.41 

Thickness 

of rubber 

layer  

[mm] 

15 315 0.71 

  400 0.89 

Thickness 

of cord 

layer 

[mm] 

50 500 0.87 

  800 0.77 

Density  

[kg/m
3
] 

506 1000 0.79 

  2000 0.76 

Sound 

absorption 

DLα [dB] 

6,2 5000 0.53 

 
Sandwich of this kind is suitable only 

for the panels of category A2, while under 

the low frequencies of the traffic noise it 

renders low absorption. It shows notable 

properties under the high frequencies. 
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When the density was increased to 563 

kg/m3, increased was the value DLα to 6,9 

dB, but reduced was the absorption ability 

under the lower frequencies. Acoustic 

characteristic of such sandwich is provided 

in Table 2. 

Table 2 - Characteristic of two-layer 

sandwich with increased density 
Two-layer sandwich with increased density  

Product charac-

teristic 

Frequency 

[Hz] 

Sound 

absorption 

coefficient 

α [-] 

Total 

thickness 

of sand-

wich [mm] 

65 100 0.08 

  200 0.34 

Thickness 

of rubber 

layer [mm] 

15 315 0.71 

  400 0.81 

Thickness 

of cord 

layer [mm] 

50 500 0.93 

  800 0.90 

Density 

[kg/m
3
] 

563 1000 0.87 

  2000 0.82 

Sound 

absorption 

DLα [dB] 

6,9 5000 0.67 

Sandwich with plastic foam  

With the objective to exploit more 

complex the waste from the automobiles 

and automobile production, developed was 
the sandwich, where the layer made from 

cord was replaced by the layer from the 

crushed car seat covers (predominance of 

PUR). It was proved that from the point of 

the sound absorption effect, the fabric 

cords and crushed car seat covers are basi-

cally equivalent. The characteristic of such 

combination of materials is provided in 

Tab. 3. 

 

 

 

Table 3 - Characteristic of sandwich with 

plastic foam 
Two layer sandwich with plastic foam 

Product charac-

teristic 

Frequency 

[Hz] 

Sound 

absorption 

coefficient 

α [-] 

Total 

thickness 

of sand-

wich [mm] 

65 100 0.12 

  200 0.40 

Thickness 

of rubber 

layer [mm] 

15 315 0.69 

  400 0.90 

Thickness 

of layer 

from car 

seat covers 

[mm] 

50 500 0.96 

  800 0.85 

Density  

[kg/m
3
] 

- 1000 0.83 

  2000 0.82 

Sound 

absorption 

DLα [dB] 

7 5000 0.74 

Combinations of sandwiches 
To observe the course of the change of 

the sound absorption as depending on the 

thickness of the absorber and its composi-

tion produced were the following combi-

nations from 3different types of two layer 

sandwiches: 
a) above the sandwich containing 

the car seat covers placed was the 

sandwich  with the surface struc-

ture with Dlα = 8,7dB and values 

of sound absorption coeffi-

cient are stated in Tab. 4, 
b) above the sandwich with the sur-

face structure placed was the 

sandwich made from the fabric 

cords. On the contact surfaces of 

both sandwiches formed was the 

closed space. So the combined 

absorber had the upper and lower 

layer made from the rubber and 

inside the cord layer there was 

the closed air gap. Value of DLα 
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= 9,5dB, values of sound absorp-

tion coefficient are stated in Tab. 

5. 

c) two sandwiches with cords were 

placed one over another, while 

the upper and lower layer was 

made of rubber. Value DLα = 
9,3dB, values of sound absorption 

coefficient for this case are stated 

in Tab. 6. 

Table 4 - Characteristic of three-layer 

sandwich containing the car seat covers 
Three layer sandwich containing the car 

seat covers 

Product charac-

teristic 

Frequency 

[Hz] 

Sound 

absorption 

coefficient 

α [-] 

Total 

thickness 

of sand-

wich [mm] 

90 100 0.45 

  200 0.81 

Thickness 

of rubber 

layer  

[mm] 

25 315 0.99 

  400 0.94 

Thickness 

of sand-

wich con-

taining the 

car seat 

covers 

[mm] 

65 500 0.84 

  800 0.79 

Density  

[kg/m
3
] 

- 1000 0.93 

  2000 0.85 

Sound 

absorption 

DLα [dB] 

8.7 5000 0.78 

 

Table 5 - Characteristic of three-layer 

sandwich containing fabric cord 
Three layer sandwich containing fabric 

cord 

Product charac-

teristic  

Frequency 

[Hz] 

Sound 

absorption 

coefficient 

α [-] 

Total 90 100 0.38 

thickness 

of sand-

wich [mm] 

  200 0.90 

Thickness 

of rubber 

layer 

[mm] 

25 315 1.00 

  400 0.98 

Thickness 

of sand-

wich from 

fabric 

cord [mm] 

65 500 0.88 

  800 0.88 

Density 

[kg/m
3
] 

- 1000 0.96 

  2000 0.85 

Sound 

absorption 

DLα [dB] 

9.5 5000 0.77 

 

Table 6 - Characteristic of three-layer 

sandwich consisting of rubber - fabric 

cord – rubber 
Three layer ý sandwich consisting of rubber-

fabric cord-rubber 

Product charac-

teristic  

Frequency 

[Hz] 

Sound 

absorption 

coefficient 

α [-] 

Total 

thickness 

of sand-

wich [mm] 

115 100 0.39 

  200 0.91 

Thickness 

of rubber 

layer 

[mm] 

2x25 315 0.97 

  400 1.00 

Thickness 

of sand-

wich from 

fabric 

cord [mm] 

65 500 0.91 

  800 0.84 

Density 

[kg/m
3
] 

- 1000 0.97 

  2000 0.85 

Sound 

absorption 

DLα [dB] 

9.3 5000 0.76 
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When comparing with the sandwiches 

determined for the concrete walls are the 

parameters DLα lower in spite of increase 

of the thickness of the composed sand-

wiches. As positive considered can be the 

fact that under low frequencies (up to 500 

Hz) gained was rather high value of the 
sound absorption.  

Sound proof absorber made from Eco-

Plastic Foam 
The development in the field of sound ab-

sorbing elements was directed to the prod-

uct from recycled car seats or the mixture 

of car seats and car seat covers marked as 

Eco-plastic foam. This product gains the 

high level of the sound absorption. When 

accomplished as 100 mm thick, its values 

of DLα are much higher as for the cate-

gory A4. It meets this category require-
ment also in combination with the pro-

tected perforated plastic hard foil. Value 

DLα = 12 dB and values of sound absorp-

tion coefficient are provided in Tab. 7. 

 

Table 7 - Characteristic of Eco-Plastic 

Foam 
Eco-Plastic Foam 

Product charac-

teristic 

Frequency 

[Hz] 

Sound 

absorption 

coefficient 

α [-] 

Total 

thickness 

of sand-

wich [mm] 

100 100 0.57 

  200 0.74 

Density 

[kg/m
3
] 

- 315 0.93 

  400 0.87 

  500 0.96 

  800 1.00 

  1000 0.96 

  2000 0.95 

Sound 

absorption 

DLα [dB] 

12 5000 0.87 

 

This type of absorber possesses the 

similar properties as the three –layer 
sandwich made from rubber, in some cases 

even better, however it has the best absorp-

tion quality under low frequencies among 

all other types and this makes it suitable 

for the efficient industrial applications. 

 

 

5. CONCLUSION 
 

Products from recycled raw materials 

represent suitable source for the sound 

proof panels. This type of their application 

is in our country in state of development 

only. It deserves attention with regard to 

the fact that the application of the recycled 

raw materials in the soundproof panel pro-

duction has got a synergetic ecological 

effect. In this way solved is the reduction 
and valuation of the waste and at the same 

time also the environmental problem – 

protection against the excessive noise.   

Based on the executed research and 

actual work, the author came to the follow-

ing results: 

a) Selected and tested was the suita-

ble technology of sound absorb-

ing absorbers – technology of 

their compacting applying the mi-

crowave heating. 

b) Proved has been the suitability of 
this technology when such sound 

absorbing absorbers were ap-

plied in practice. 

c) Discovered was the suitable com-

position of multi-layer sandwich-

es, and achieved was the sound 

absorption of the category A3, 

which fact predetermines these 

materials for the demanding ap-

plications. 

d) Tested was also the material: 
Eco-plastic foam, and achieved 

was the sound absorption of the 

category A4. This material pos-

sesses the excellent properties 

particularly in the field of low 

frequencies.  

Based on the measurements in labora-

tory as well as in practice, we came to the 

recommendations which absorbers are 

suitable for the concrete solution. The re-
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search was focused mainly to the sandwich 

absorbers and Eco-plastic foam. These 

materials have also been verified in prac-

tice in reduction of the emissions of the 

industrial noise. 
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