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Abstract 

Textile floor covering waste (TFC) is a complex material, and, to a great 
extent, non-degradable: therefore, it should not be disposed in landfill sites. The 
paper discusses some developments connected with the management of this type 
of waste implemented in the USA, the EU countries and also describes the 
current situation in Poland. Mechanical recycling of various types of TFC, 
including the segregation and disintegration of waste has been investigated and 
the screen analysis of the recycled products has been carried out. 

Introduction 

Considering the composition and the origin of textile floor covering (TFC) 
waste, it can be, at the same time, treated as textile, municipal and construction 
waste: since, according to an obligatory catalogue, they can be classified and 
denoted with various codes [3]. They include production waste and used TFC. 
Due to its composition, size and amount, the latter one poses an important 
problem to the environment. In addition to various types of synthetic and natural 
fibers, TFC contain large amounts of mineral components, synthetic rubbers, 
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bituminous compounds and others. In the manufacturing technology of TFC-s 
include special chemical agents, such as halogen derivatives are used in order to 
improve their performance properties, e.g. to reduce the flammability. TFC 
waste can also contain heavy metal compounds derived from dyes and catalysts 
used in the synthesis of polymers. A direct recycling of used TFC is impossible, 
as its textile material is durably combined with the binding agents. Owing to 
material composition of TFC, only an insignificant portion of TFC waste can be 
degraded in landfill sites, but this process is difficult and long lasting. On the 
other hand, the fibers contained in TFC can be reused as secondary raw 
materials [1, 15, 17].  

1. Characteristics of TFC waste 

With respect to the manufacturing techniques, textile floor covering can be 
divided into the following groups: 
– Woven TFC, with the use-surface made of homogeneous or blended yarns of 

wool and polyamide (PA6 or PA 6.6), polypropylene (PP) or polyester 
(PES, mainly in the USA) and backing made of jute, cotton, PES and PP. 
The binding agents applied onto the backing present rather a low content in 
this TFC group. They mostly include butadiene-styrene resins or poly(vinyl 
acetate) without any or with few fillers. 

– Tufted TFC with the use-surface consisting of similar fibers as above, on a 
primary backing made of PP woven fabric or non-woven PES, PES/PA or 
PP. The backside is coated with butadiene-styrene resin containing a 
considerable amount of chalk and laminated with a secondary backing. The 
most secondary backings are PP or jute woven fabric and non-wovens with 
various compositions. This sort of TFC very often have an additional back 
layer of bitumen, poly(vinyl chloride), butadiene-styrene or polyurethane 
foam. 

– Needled TFC (non-woven type) include mono- or multi-layer non-wovens of 
PP, PA or blended and waste fibers, sized with butadiene-styrene resin, also 
with additional back layers of bitumen, foam, PVC. 

– Other TFC,  made by means of different techniques than the above 
mentioned (e.g. by knitting, flocking and sizing). 
A great share in the market of individual consumers belongs to TFC made 

of PP fibers or blends with a high PP content, which are difficult to 
decompose. In case of TFC designed for public utility buildings, most of them 
are made of modified PA fibers, with a thick bituminous or PVC backing. 
Such waste fails to decay and can be a source of harmful chemical substances. 
In facilities of a high standard often TFC with woolen piles containing some 
PA fibers are used. 
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2. The scale of the problem 

In Germany and Belgium, countries leading in the production and export of 
TFC, 670.8 million m2 of these products were manufactured in 2000, including 
56.5% of tufted, 27.9% of needled, 14.8% of woven and 0.8% of other types of 
TFC [18, 19]. In the Western Europe 1.5 – 1.7 million tons of used TFC are 
disposed annually [5, 26]. In Germany, the amount of used TFC is estimated to 
450 thousand tons, which means about 5.8 kg of TFC waste per capita a year.  
Together with production waste of 32 thousand tons, about 5.8 kg of TFC waste 
fall to an individual per year [23]. The TFC life is estimated to 8–12 years in 
residential buildings and to 6 years in public utility buildings. 

The annual production of TFC in the USA destined for internal market 
amounts to 1.25 billion m2 of TFC. The replacement of TFC is estimated to 
constitute about 55% of sold goods, hence it is assumed that 2 million tons of 
TFC waste is produced yearly [7]. According to the Carpet and Rug Institute, 
the TFC waste consists of 59.3% PA, 33.7% PP, 6.5% PES and 0.4% wool [22]. 

In Poland the annual consumption of TFC per capita is about 1 kg. It may 
be estimated that currently about 80 thousand tons/year of waste is produced.  

3. Worldwide solutions 

The problem of TFC waste in Western Europe and the USA has been dealt 
with for several years [4, 12, 13, 20, 24]. A 3-year RECAM (Recycling Carpet 
Materials) project was initiated in December 1995 with the financial support 
from the European Union amounting to 5.5 million ECU [3, 21]. The following 
companies and institutions participated in its implementation: caprolactam 
manufacturers DSM (Holland), EniChem (Italy), European carpet industry 
represented by GuT (Gemeinschaft umweltfreundlicher Teppichboden e.V.), 
institutes such as TFI (Deutsches Teppich-Forschungsinstitut e.V), TNO 
(Netherlands Organisation for Applied Scientific Research), INCA 
(Interuniversity Consortium - Chemistry for the Environment) and industrial 
partners Laroche, Recotex, Durmont, Recycling Concept Textil GmbH, and 
Südrohrbau GmbH & Co.  

The project included the development of a system for collecting, 
identification, sorting and recycling methods. In order to implement the results 
of the RECAM project, the CARE society (Carpet Recycling Europe) was 
appointed with a task to recycle 80% of TFC waste [2, 21]. It is expected to 
reduce the costs of waste management by 30%, to save mineral fuels 
corresponding to 8 million GJ, to recover and reuse the quality raw materials, 
such as caprolactam, and finally to improve multi-parameter effects on the 
environment by 50%. The rational functioning of the accomplished solutions is 
based on a controlled system of waste collection. The European carpet industry, 
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through GuT and KABE (Konzentrierte Aktion Bodenbeläge Entsorgung), has 
carried out a pilot system of TFC waste collection in the area of Frankfurt, 
having collected about 10 thousand tons of waste over a year [21]. 

The research department of DSM has developed a device for sorting waste 
according to the types of fibers, thanks to which it is possible to select mono-
streams of waste for further processing. In case of PA waste the 
depolymerization of PA is performed in order to recover caprolactam. The 
Rhodia company processes 30 thousand tons of PA waste in Europe [24]. In 
Great Britain, the Waste and Resources Action Program (WRAP) is under 
realization, aiming at the reduction of waste storage, waste utilization and the 
creation of outlets for processed and recovered materials [27].  

In the USA the problem of TFC waste has been dealt with by the Carpet 
Recycling Initiative organization on the basis of a governmental long-term 
program (2002-2012), aimed at increasing the role of material recycling, the 
reuse and energy recovery (Fig. 1) [6]. This project will be accomplished by the 
Carpet America Recovery Effort (CARE) organization. The Institution 
Recycling Network (IRN) that comprises institutions dealing with recycling, in 
association with DuPont, implements a program in which TFC waste are 
delivered to DuPont Flooring Systems Recycling where their processing takes 
place. DuPont has established an experimental plant for the recovery of 
caprolactam, hexamethylenediamine and adipic acid nitrile. In 2001 over 8 
thousand tons of waste was processed, reaching the recovery rate of 99%. 
Evergreen Nylon Recycling, a company established by DSM Chemicals North 
America and Allied Signal Chemical Intermediates, converts 90 thousand tons of 
waste into raw materials including 45 thousand tons of caprolactam yearly [6].  
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Fig. 1. Expected changes in the structure of TFC waste management in the USA [6] 
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Both in Europe and the USA, many companies carry out small-scale 
recycling of used TFC, utilizing the resultant products for various applications  
[1, 11, 15, 17, 26].  

4. Legal status and possible solutions to the problem in Poland 

In Poland the essential legal regulations concerning the waste management 
are included in the following acts:  
− Acts of 27th April 2001 on the Law of Environmental Protection (Journal of 

law No. 62, item 627) and on waste (Journal of law No. 62, item 628). 
− Act of 11th May 2001 on the manufacturers’ responsibilities with respect to 

the management of some waste and product duty and deposit duty (Journal 
of law No. 63, item 639). 

− Act of 29th July 2005 on the amendments of waste act and some other acts, 
as well as in appropriate directives, including the Directive of the Minister of 
Environment of 27th September 2001 on waste catalogue (Journal of law No. 
112, item 1206). 
The domestic industry connected with the manufacture of TFC is unable to 

solve the problem of waste management, the more so as imports dominate the 
market. The management of waste includes their collection, transportation, 
recovery and neutralization, as well as the supervision of the activities. To get 
closer to the world solutions, we need not only appropriate legal and 
administrative regulations in Poland, but also the development of waste 
collection system and methods of TFC waste management, which is associated 
with indispensable financial means.  

Considering the structure of waste management, currently there is a real 
prospect of material recycling in Poland, consisting in the segregation of used 
TFC, their disintegration, defibering and partial separation of mineral and 
resinous components to obtain recycled product suitable for reuse. It is also 
possible to reclaim energy. The most expensive is the recovery of raw materials 
and so far only big chemical concerns can afford it. 

5. The examination of material recycling 

The possibility of TFC waste disintegration to obtain secondary raw 
materials suitable for reuse was tested. Considering different structures and 
compositions of TFC, the waste was segregated into groups of different 
manufacturing techniques, textile compositions and finishing processes of the 
back layer. Samples of the following types of TFC were disintegrated: tufted PA 
and PP floor coverings, needled TFC from blended fibers and woven TFC with 
wool-PA pile, TFC with backing consisting of cross-linked butadiene-styrene 
resins and various contents of mineral fillers, mostly chalk. A high-speed T2 
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SW cutting mill, designed for disintegrating plastics by TRYMET Metal Works 
(Fig. 2) was applied using screens with mesh diameters of 4, 6, 8, 10 and 12 mm.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 2.  T2 SW mill (TRYMET, Poland): a – overall view, b – disintegrating system, c – screens 

 
The disintegrated waste contains fiber bunches with or without residues of 

size particles, separated size particles, single fibers, sections of PP yarns and 
strips, all of them in different contents and dimensions resulting from the sieve 
used and type of TFC. Fig. 3 shows the recyclates obtained from three basic types 
of TFC with latex backings, disintegrated with the use of 4 and 10 mm sieve mesh. 
The resultant recyclates were segregated and the unwanted components were 
separated. The sieve analysis of the material was carried out using sieves with 
mesh sizes of 0.1, 0.25, 0.5, 1, 1.5, and 2 mm (0 – residue) and the qualitative and 
quantitative compositions of particular fractions were assessed.  

The results of sieve analysis show that the waste of tufted TFC with PP 
pile undergo better disintegration. The fraction passing through 0.1 mm mesh 
sieve is high in all recyclates. The recyclates from tufted TFC with PA piles 
obtained with screens of higher mesh diameters contain a clearly lower 
content of small particles. These differences become insignificant in the case 
of the recyclate obtained with 4 mm mesh screen as illustrated in Fig. 4 
showing the percentage contents of recyclate sieve fractions obtained with 4 
and 10 mm mesh screens. 
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Fig. 3. Three types of TFC waste disintegrated with the use of 4 and 10 mm mesh screens 

 
The particles of sized backing were relatively easily separated in 

considerable amounts from the tufted TFC with PP piles, as compared to those 
of TFC with PA piles. This is due to the differences in the surface properties of 
PP and PA. The surface energy of PP is 30.1 mN/m, while that of PA amounts 
to 46.5 mN/m [25]. The backing is strongly combined with PA fibers; therefore, 
the particles of sized backing are separated to a lesser extent during the 
disintegration. In new tufted TFC, latex-sized backing amounts to up to 75% of 
their weight (about 1000 g/m2). In the recyclates of woven TFC with wool-
polyamide piles there are almost no particles of sized backing, which results 
from the method of their finishing. Butadiene-styrene resins or poly(vinyl 
acetate) without fillers constitute mostly 10 to 15% of woven TFC weight. 
Insignificant amounts of the sized backing are combined first with the fibers of 
the bottom layer (jute, PES/Cotton, PP), while the pile fibers (Wool/PA) remain 
almost without resinous impurities. In the case of needled and woven TFC, the 
residue after the sieving consisting first of all of crushed sized backing is scanty.  
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Fig. 4.  Percentage contents of sieve fractions of recyclates disintegrated with the use of 4 and  
10 mm mesh screens 

 
If the use of recyclates requires the removal of the sized backing fraction, it 

will be necessary to employ an additional process, e.g. a procedure based on 
hydrodynamic methods [26]. In case of PP floor coverings, the particles of sized 
backing can be separated by means of the flotation method, utilizing the 
difference in PP density (about 0.9 g/m3) and that of latex with filler (over  
1 g/cm3). However, there are many opportunities to use TFC recyclates that 
require no additional separation of the fibrous portion from the finishing 
residues. 
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Conclusions 

The implementation of solutions, similar to those developed within the 
European and American projects, in Poland would require the support of 
administrative bodies and capital outlay. At present there is no system for 
collecting and dealing with TFC waste. Trials have been undertaken to solve the 
problem of TFC waste management associated with the development of its 
recycling [8, 9, 10, 16]. From the performed studies on material recycling it 
results that from the waste of TFC with latex backings one can obtain recyclates 
with various degrees of disintegration suitable for the reuse. 

Acknowledgements 

Scientific work carried out within the project “Development of recycling 
and utilization systems” in The Multi-Year Programme entitled “Development 
of innovativeness systems of manufacturing and maintenance 2004-2008”. 

References 

1. Adanur S.: Textile Waste Management w Wellington Sears Handbook of 
Industrial Textiles. Technomic Publ. Co., Inc. Lancasterr – Basel 1995, 
p. 713–723. 

2. Błędzki A.K., Królikowski W.: Recykling materiałów polimerowych z dy-
wanowych wykładzin podłogowych. Polimery 2000, 1, p. 29–35. 

3. Bohnhoff A.: Wiederverwertung von Teppichbodenabfällen durch das 
Forschungsprojekt RECAM. Melliand Textilberichte, 1998, 7/8, p. 554-556. 

4. Bohnhoff A., Goetz Ch., Klingenberger H.: Thermische Verwertung von 
textilen Bodenbelägen. Melliand Textilberichte. 1998, 3, p. 120-121. 

5. Böhringer A.: Neue Wege beim Teppichrecycling. Internationales Textil 
Bulletin/Veredlung. 1993, 39, p. 40-44. 

6. Carpet America Recovery Effort. Annual Report 2004. 
7. Carpet Recycling Statistics. Carpet and Rug Institute. Washington, DC, 

2003. 
8. Cieślak M., Schmidt H.: Possibilities of Utilizing Textile Floor Covering 

Wastes. Fibres & Textiles in Eastern Europe. 2002, 2, p. 69-73. 
9. Cieślak M., Schmidt H.: Próby wykorzystania recyklatu włókienniczych 

pokryć podłogowych do modyfikacji zapraw cementowych. Prace Naukowe 
Instytutu Materiałoznawstwa i Mechaniki Technicznej Politechniki 
Wrocławskiej. 2002, 63, p. 273-278. 

10. Cieślak M., Schmidt H.: Recykling materiałowy odpadów włókienniczych 
pokryć podłogowych. II Środkowo-Europejska Konferencja-Recykling 



 MAINTENANCE  PROBLEMS 2-2006 

 

190 

Materiałów Polimerowych Nauka-Przemysł. Toruń, 12-14.11.2003, ISBN  
83-917693-2-1. 

11. Fuchs H., Buchfeld M., Schollmeyer E., Knitel D.: Verwendbarkeit von 
Textilabfällen als Beton-Zuschlagstoffe. Technische Textilien, 1996, 4, 
p. 88. 

12. Gradwohl H., Wüstenberg D.: Reissen von Teppichboden-
Produktionsrückständen. Melliand Textilberichte. 1996, 10, p. 677. 

13. Hauck P.L.: Teppichboden und Umweltschutz. Melliand Textilberichte. 
1994, 1, p. 22-24. 

14. Industry Review. Carpet and Rug Institute. Washington, DC, 1998. 
15. Köhler E., Harzendorf E.: Sekundärproduktentwicklung aus recyceltenflä-

chigen textilen Produktionsabfällen. Technische Textilien, 1994, 7, p. T96-
T98. 

16. Kowalska E., Choroś M., Kuczyńska L., Wielgosz Z.: Zastosowanie 
poprodukcyjnych odpadów wykładzin i dywanów do napełniania poliolefin, 
w: Modyfikacja Polimerów. ISBN 83-7085-900-3, Oficyna Wydawnicza 
Politechniki Wrocławskiej, 2005, p. 444-447. 

17. Melliand Textilberichte. Neues Verfahren zum Recyclieren von PA  
6-Teppichen. 2000, 11/12, p. 1015. 

18. Melliand Textilberichte. 2001, 5, p. 347. 
19. Melliand Textilberichte. 2001, 9, p. 654. 
20. Miraftab M., Horrocks R., Woods C.: Carpet Waste, an Expensive Luxury 

we Must Do Without. AUTEX Research Journal. 1999, Vol 1, No 1. 
21. RECAM Publishable Synthesis Report. Project No BE-95-1337. Sustainable 

Closed Loop System for Recycling of Carpet Materials. 1999. 
22. Rozporządzenie Ministra Środowiska z dnia 27 września 2001 r. w sprawie 

katalogu odpadów (Dz. U. nr 112, poz. 1206 z dnia 8 października 2001 r.). 
23. Sammlung und Verwertung von Altteppichen. Bayerisches Landesamt für 

Umweltschutz. Augsburg, 2001. 
24. Tullo A.H.: DuPont, Evergreen To Recycle Carpet Forever, C&EN, 2000, 

24, p. 23-24. 
25. Van Krevelen D.W.: Properties of Polymers. Elsevier Science B.V.. 1990, 

p. 236-241. 
26. Weiss M., Momber A.W.: Erosive separation of coatings from fibrous 

substrates. Journal of Environmental Management. 2004, 73, p. 219-227. 
27. www.wrap.org.uk. 

 

Reviewer: 
Krystyna CZAPLICKA-KOLARZ 

 
 



2-2006 MAINTENANCE  PROBLEMS 191 

Badania nad zagospodarowaniem odpadów włókienniczych  
pokryć podłogowych 

Słowa kluczowe 

Włókiennicze pokrycia podłogowe, WPP, odpady, recykling. 

Streszczenie 

Odpady włókienniczych pokryć podłogowych (WPP) są materiałami złożo-
nymi i w zdecydowanej większości trudno degradowalnymi, nie powinny więc 
trafiać na składowiska. W artykule przedstawiono rozwiązania związane z ich 
zagospodarowaniem, stosowane w Stanach Zjednoczonych, krajach Unii Euro-
pejskiej oraz aktualną sytuację w kraju. Przeprowadzono badania mechaniczne-
go recyklingu różnych rodzajów WPP, obejmujące segregację i rozdrobnienie 
opadów oraz analizę sitową uzyskanych recyklatów. 
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