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1. Intro 
The following report will give the reader a complete picture about rubber granulates for artificial turf applications, the different raw materials used during production, the different production technologies and its effects on the properties of the products. What we aim at with this study is: 

To give everybody who is involved in the artificial turf pitches industry reliable background knowledge. 

To help Buyers of rubber granulates in their decision making process. 

To help Sellers of rubber granulates to better meet its customers’ expectations. 

To dispose of rumours and uncertainties. 

2. Information on the author 
Robert Weibold is founder and owner of eximlink Ltd. The company is representing one of the few independent European trading companies specialized on rubber granulates of all kind (recycled and virgin material). The company is cooperating with numerous different suppliers of rubber granulate for infilling purposes all over Europe. Mr. Weibold is heading the working group on artificial turf of the European Tyre Recycling Association (www.etra.eu.com). Furthermore he is also a member of the working group on artificial turf of the ÖISS (Austrian Institute for the Construction of School and Sports Facilities), which is responsible for issuing guidelines for artificial turf pitch projects in Austria. The daily experiences with and numerous visits of manufacturers of all kind of infill granulate on the one hand and infill granulate users on the other hand formed the basis of the following report. 

3. Different grinding technologies and its effects on the properties of rubber granulates 
Rubber granulates for the purpose of infilling artificial turf can not only be differentiated by the type of input material but also by the type of production method. Two technologies have been establishing themselves over the last decades: ambient and cryogenic grinding. 

3.1 Ambient grinding technology 
Ambient grinding comprises all sorts of mechanical shredding operations, which are carried out at room temperature. Knife shredding operations are predominant, whereby the input material is reduced during several stages to smaller and smaller sizes. Sieving technology is used to classify the various sizes according to the required applications. 

The rubber particles looked at under the microscope appear to have a relatively rough surface as shown in the following pictures. 
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Pictures: Ambiently produced rubber granulates under the microscope (source: Fraunhofer Institute) 
The roughness of the particles is mostly correlating with the wear of the knives during the production process. New knives are causing less rough surfaces of the rubber particles compared to knives shortly before changing. Nowadays production companies of infill material maintain a regular interval of knife changing. Would this interval be too long the economic lifetime of the shredding unit would be reduced considerably. 

Sometimes the shape of granulates appears longer and rougher than usual. A different type of ambient shredding technology is most likely the cause. Instead of knife shredding e.g. roller mills are used for grinding. Manufacturers of playground mats, solid wheels and similar products like prefer this kind of granulates. The rough surface of the granulates in combination with polyurethane guarantees an excellent bonding. 

3.2 Cryogenic grinding technology 
The input material is cooled down to minus 90 degrees Celsius by means of liquid nitrogen (actual contact temperature appr. –196ºC) until the rubber reaches a “glassy” state. “Glassy” is not really a technical term but shall only express the fact that the frozen rubber can easily be broken apart by means of e.g. hammer mills with very high impact energy once it has reached the required temperature. 

Cryogenic producers claim that under these grinding conditions, no thermal or chemical degradation occurs in the polymer chains of the rubber. The morphology of the particle surfaces obtained is flat, without significant amount of pores, resulting in minimum leachates, odour, volatiles liberation and good water drainage. 
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Pictures: Cryogenically produced rubber granulates under the microscope (source: Fraunhofer Institute) 
Currently less than 1 percent of rubber granulates for infill purposes are produced by means of cryogenic technology in Europe due to the following reasons: 

(A) Cryogenic technology is much more cost effective when producing particle sizes smaller 0.4 mm (minus 40 mesh). 

(B) Liquid nitrogen is extremely expensive and has to be used in large quantities during the production process. Therefore average prices for infilling granulates between 0.5 and 2.5 mm are minimum 100 % more expensive compared to ambiently produced rubber granulate. 

(C) Furthermore availability is extremely bad due to very few producers. To our knowledge only three European manufactures currently produce infill granulate by means of cryogenic technology. 

3.3 Other rubber grinding and size reduction technologies 
In the following please find an overview about other rubber ‘size reducing’ technologies: 

• Wet grinding (e.g. compressed water) 

• Size reduction by means of compressed air, - ultrasonic sound waves, - microwaves and - bacteria 

• Others 

None of these technologies is suitable for the production of rubber granulates for infilling artificial turf pitches. These technologies are solely used for the production of finer rubber particles (0.4 mm/40 mesh and smaller). 
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4. Rubber granulates from tyre input material in general 
This is by far the biggest group among materials used for infilling artificial turf pitches. 

Table 1: Average material composition of car and truck tyres (source: Aufbereitungs Technik 45 (2004) Nr. 5, A. Pehlken) 
	Composition 
	Car 
(wt. %) 
	Truck 
(wt. %) 

	Natural Rubber 
	22.0 
	30.0 

	Synthetic Rubber 
	23.0 
	15.0 

	Active Fillers 
	28.0 
	20.0 

	Rayon 
	4.0 
	- 

	Nylon 
	1.0 
	1.0 

	Steel 
	13.0 
	25.0 

	Oils, other additives 
	9.0 
	9.0 


Main advantages: 

• Low price 

• Uniform availability world-wide 

• Relevant environmental requirements (e.g. DIN-V 18035-7) fulfilled 

• Properties of tyre rubber very close to perfect for the infilling application 

• Does not freeze in cold climates, therefore keeping its elastic properties 

• Extremely UV-resistant 

• Long lifetime (50+ years). Reuse after pitch lifetime possible. 

• Different colours available (See section five “Coated Rubber Granulates”) 

Main disadvantages: 

• Little smelly in hot weather conditions if pitch not watered thoroughly 

4.1 Rubber granulates originating from car tyres only 
As shown in table 1, car tyres contain a higher percentage of synthetic rubber compared to truck tyres. Availability is good. Less and thinner steel is used which can usually be completely (99.9 %) removed during the production process. Car tyres contain a higher textile content (Rayon, Nylon) but which can also be removed sufficiently. Remaining textile does not affect any behaviour of the playing surface at all. It is only an aesthetic issue for some users. Experiences from the equestrian market have been showing that high textile content reduces the need of watering during hotter periods. The textile fibres are capable of holding moisture for quite some time. 
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4.2 Rubber granulates originating from truck tyres only 
Truck tyre rubbers contain an average synthetic rubber content of 15 % and an average natural rubber content of 30 %. There are only few infill material producers who can guarantee a 100 % input of truck tyres. The availability of truck tyres is much more difficult due to the following reasons: Many truck tyres are retreaded and therefore have a much longer economic lifetime compared to car tyres. As truck tyres hardly contain any textile it is highly demanded by tyre recyclers who have applications for granulates bigger than 2.5 millimetres as their target group. Additionally, gate fees are considerably lower compared to car tyres resulting in higher granulate prices. 

4.3 Rubber granulates originating from a mix of car and truck tyres 
Most of infill granulate producers are using a mix of car and truck tyres as input material. It is not possible to give a general ratio as this totally depends on the tyre collectors supply interval and the producers ability to store car and truck tyres separately. There is no disadvantage whatsoever should one producer have an inconsistent mix of car and truck tyre input material. 

4.4 Rubber granulates originating from other tyres or tyre related materials 
To complete the coverage, following is an overview about rubber granulates originating from other tyres or tyre related materials: 

• Tyres from airplanes, farming and earth-moving vehicles, etc. 

• Solid tyres (e.g. forklift tyres) 

The above mentioned tyres do not vary significantly from the average composition of car or truck tyres in respect of its rubber composition. Should a rubber granulate producing company use any of the above tyres as input material the total quantity and quality compared to the input of car and truck tyres would be only marginally. Test results would generally not be affected. 

• Buffings (German term: Raumehl; French term: fibrette) from tyre retreading operations 

Buffings are a by-product of tyre retreading processes. During this process the remaining tread of a tyre is peeled off by means of steel brushes. This process prepares the tyre for reuse by e.g. gluing a new tread on to the brushed-off and cleaned tyre carcass. Buffings are highly demanded by moulding companies (e.g. for the production of playground mats). Mixed with rubber granulates the lengthy appearance of the buffings greatly increases tensile strength and elongation at break values of the finished products. Due to the lengthy shape this material is usually not recommended for infilling purposes. 
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Pictures: Comparison rubber granulates (cubical) vs. buffings (longish) (source: eximlink) 
4.5 Conclusion car vs. truck tyre input material 
There is no scientific proof as by now whether car or truck tyres have better properties for the purpose of infilling artificial turf. Shape, size and particle size distribution seem to have much more influence on the performance of artificial turf pitches. 

5. Coated rubber granulates from tyre or technical rubber input material 
Coated rubber granulates have been offered to the market since end of season 2003, where regular tyre and/or technical rubber granulate is coated with paint. The idea was to have a greater variety of colours and to reduce the risk of leaching of any substances not conforming to the existing environmental standards. The latter is not an issue anymore as rubber granulates from tyre input material have been widely proven to conform to all environmental standards. The greater variety in colours is clearly a major advantage but must be offset with much higher costs and the uncertainty how long the coating will last. Rubber, of course, is an elastic material and during different temperatures and also the exposure to football players continuously expands and shortens. The coating may become brittle sooner or later. 

6. Rubber granulates from technical rubber scrap recycling in general 
When talking about infill material other than tyres, EPDM (Ethylene Propylene Diene Monomer) is in everybody’s mind. It must be clearly stated that in only few cases one can call such a product EPDM rubber (See paragraph seven for more information on virgin EPDM). 

Some recycling companies do not only shred tyres, but also technical rubber scrap. Many (but not all) technical rubbers are classified as EPDM. But even among rubber products classified as EPDM the components vary greatly. Products made of EPDM rubber are used in many different applications which all require very distinctive properties. E.g. EPDM rubber hoses in car engines need to be oil and heat resistant. EPDM products used in the interior of a car contain anti-fogging agents. It is a fact that not a single infill material producer can guarantee 
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100% that on a yearly basis the input material of technical rubber scrap is originating from one single source. 

All sorts of different EPDM and other technical rubbers are shredded in variable ratios. To have such an infill product tested successfully under e.g. DIN-V 18035-7 gives no one the guarantee that the next time the results will be equally acceptable. 

6.1 Rubber granulates originating from EPDM input material only 
As explained in the paragraphs above it is virtually impossible to have 100% guarantee that only EPDM rubber has been used as input material. Furthermore, EPDM rubber varies greatly depending on the use of the original product. 

6.2 Rubber granulates originating from other technical rubber input material 
Infill material sold under the marking of “recycled EPDM” mostly represents a variety of different technical rubber scrap (e.g. NR, SBR, NRSBR, etc.). Please see paragraph six for more information. 

7. Rubber granulates from virgin EPDM 
This is not a new material for the construction industry. Virgin EPDM granulates have been originally developed for running tracks and similar in-situ surfaces (e.g. children playgrounds). The most important value for this major application has been tensile strength. Therefore virgin EPDM granulates are highly filled with chalk resulting in a porous surface area. This porous surface area is required in order to ensure the best possible bondage when polyurethane is added in preparation for the in-situ surface resulting in good tensile strength. 

One disadvantage of virgin EPDM is the extremely high price, which is negatively correlating to the amount of chalk used as filler during the production process. The more chalk the cheaper the product. The use of chalk in turn results in the porous surface of the granulates. The porous surface in turn is responsible for a lower abrasion resistance of virgin EPDM granulates compared to rubber granulates from tyres. It also allows moisture to connect to the granulates which can cause the playing surface to appear harder during freezing weather periods. The porous surface also allows other foreign material to attach much better to the granulates (dust and other pollution which is alighting e.g. during rain falls). The lower abrasion resistance therefore can increase the risk of compaction of the infilled rubber/sand layer in the long run. 

Main advantages: 

• Variety of different colours 

• Customized production 
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Main disadvantages: 

• Extremely high price (six to eight times more expensive compared to tyre granulates) 

• Porous surface area 

• Lower abrasion resistance 

• Greater risk of compaction in the long run 

8. Thermoplastic Elastomers – TPEs 
TPEs are produced by means of extrusion processes. Polymers and all the other ingredients of the formulation are fed into an extrusion machine. The ingredients are melted by both friction and heat. The extruder, consisting of a heated barrel with one or more internal rotating screws pumps the melted polymer into a die. The die is a metal plate placed at the end of the extruder with one or many sections cut out of its interior. This cutout determines the cross-section of the product; the length can be adjusted by the speed of the cutting system that follows. During the process the material initially melted solidifies with the decrease of processing temperature. 

One main advantage of TPEs is their ability to be completely recycled. Materials can be re-melted and reassume their complete original properties. Some producers take arrangements with final customers to reprocess the TPE infill material (after separated from sand) at the end of the life cycle of the pitch. 

TPE infill materials for artificial turf have complete consistency and uniformity. Granules size distribution of TPE is very narrow, - no powder is present in the material. The main advantage of this very narrow granulate size distribution is the reduced risk of compaction of the infill during use. Sports technical behaviours are very consistent during time. 

Being a virgin product many characteristics can be adjusted like colour, shape, odour, and flammability resistance to name just few among many adjustable parameters. TPEs are generally antiallergenic and inert. 

One disadvantage is the price, which in general is even higher compared to virgin EPDM infill granulates. 

9. Frequently Asked Questions 
9.1 Why is rubber granulate from tyre recycling often named “SBR rubber”? 

Car tyres have a relatively high synthetic rubber content, which is rightly termed “SBR” (Styrene Butadiene Rubber). Historically, England was one of the first countries to establish a proper tyre recycling industry. Almost every Englishman involved in tyre recycling has been speaking about “SBR” while meaning “rubber granulates from tyre recycling”. The correct term according to the European Specification CEN Workshop Agreement (CWA) 14243-2003 is rubber “granulate”. 
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9.2 Why do sizes given by suppliers often relate to different particle size distributions of the products? 

Various types of sieving technologies are used. Sieves can have round, square and lengthy holes. The diameter of the holes is sometimes taken by the producer to classify its products. E.g. if a supplier is using a one millimetre and a two millimetre sieve, he might call his product “rubber granulate from one to two millimetre”. Depending on the shape of the holes of the sieve the particle size distribution varies. Some “one to two millimetre” products will contain a higher percentage of e.g. below one millimetre than others. 

9.3 Are the different compositions of car and truck tyre rubbers affecting performance related tests of the football pitch? 

No, not to our current knowledge. 
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