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The United States generates an estimated 250 million scrap tires per year. This is equivalent to one scrap tire 
per person, per year, nationwide. It has also been estimated that an additional one billion scrap tires are 
stockpiled there. For the past 10 years, a tremendous effort has been put forth by Federal, State, and County 
governments, as well as, private industry to regulate and convert this abundant raw material for a number of 
uses. 
 
All but two states, Delaware and Alaska, have passed legislation banning whole tires from being disposed of in 
landfills. Certain states have levied fees or taxes on new tires sold or have increased car registration fees to raise 
funds to help combat the scrap tire dilemma. These funds have been used to clean up existing tire piles, fund 
research and development of recycling methods as well as run agencies to manage the scrap tire recycling 
efforts. 
 
In 1994 the industry saw the largest increase in tire recycling/recovery with a record number of over 100 million 
tires being consumed by various industries. This is a 500% increase since 1990 where did they go: 
Stock piled   44.6% 
Tire derived fuel   40.4% 
Export   5.0% 
Civil engineering   3.6% 
Fabricated products   3.2% 
Sized-reduced rubber products 1.8% 
Agricultural   1.0% 
Miscellaneous   0.4% 
 
It is estimated that in 1997 the markets for processed scrap tires will outstrip the supply, thereby allowing the 
USA to reduce existing piles. 
 
One of the largest potentials for market growth is Tire Derived Fuel (TDF). Paper and pulp mills, electricity 
utilities and cement kilns have a huge potential to recover energy from chipped tire pieces in their existing 
furnaces, or kilns. 
 
The Scrap Tire Management Council (STMC), a non-profit agency funded by the American Rubber 
Manufacturers Association (ARMA) estimates these facilities will consume as many as 182 million tires in 
1996. 
 
Currently TDF is by far the largest market for scrap tires and will continue to play an important role in the tire 
recycling and recovery industry. 
 
Other markets which use tire chips are civil engineering projects. In this application, the chips are substituted 
for stone aggregate on highways and in other types of industry. This application also has a large market 



potential. The STMC estimates this market will double over the next two years. 
 
Markets which use crumb rubber from whole scrap tires also have a huge potential to consume millions of scrap 
tires. One controversial use is to use the crumb rubber in rubber modified asphalt. In 1991 Section 1038(d) of 
the Intermodal Surface Transportation Efficiency Act or better known in the industry as ISTEA required States 
to mix increasing percentages of crumb rubber with asphalt in all federally-funded highways. This would 
increase the life of the asphalt, reduce road noise and increase tire to road adhesion thereby reducing skidding. 
 
This application alone could consume all of the scrap tires generated in the USA. However, the legislation has 
been very controversial and the legislation has not been instituted, therefore very little rubber has been used for 
this application. 
 
Many questions have been raised regarding the cost effectiveness of this, as well as the health risks associated 
with the rubber-modified asphalt. 
 
As one can gather using the scrap tires for energy recovery has the best chance in the short-term to consume 
large numbers of scrap tires in a safe and environmentally friendly manner. 
 
Tire derived fuel has also won merits for increasing thermal efficiencies, reducing emissions, and providing 
users with fuel cost savings. 
 
In a recent article in the Scrap Tire News, a monthly publication by Recycling Research Institute, Suffield, 
Connecticut, USA, it was reported that typically paper mills benefit in fuel savings, improved combustion 
efficiency and lower emissions by substituting TDF for a portion of their primary fuel. The article went on to 
say that a large paper mill burning 1800 tons of biomass fuel per day can realize a US$2900 per day (US$1 
million per year) saving in fuel with a 10% (by weight) substitute of TDF. The same plant could expect to 
increase its thermal efficiency between 5-10% and reduce sulfur dioxide emissions with the same 10% (by 
weight) TDF substitute. 
 
The types of furnaces or kilns which are used and how they are fed will dictate the size and wire content of the 
TDF chips required. Typically, rotary kilns are found in the Portland Cement industry, Stoker grate boilers are 
generally found in the paper and pulp industry and cyclone boilers generally found in electricity generating 
facilities. All of these are potential candidates for TDF. 
 
Chip size will range from 6 x 6 inch for the rotary kilns with all rubber attached. Stoker grate boilers most 
commonly use 2 x 2 inch minus chips with all bead steel removed. Cyclone boilers typically use 1 x 1 inch 
chips with all bead steel removed and any loose flowing tread steel. 
 
When comparing all equipment used for the cutting of whole steel belted passenger car and truck tires, one 
quickly comes to the conclusion that there are a number of machines which are capable of that task. However, a 
closer look will reveal that there is one commonly used machine to process scrap tires for volume reduction or 
specifically sized chip requirements. The rotary shear shredder is used throughout the world for this application. 
 
There are two distinct styles or technologies. The hook and shear and the Holman types. 
 
In developing a comparison of the equipment, it should be noted that this is the most important aspect or 
difference in the equipment. 
 
Two other aspects of the equipment which are also important and which will be addressed, are screening of the 
sized or over-sized chips and the method used to re-circulate, convey, or re-feed material back to the cutting 
chamber of the shredder. 
 



The rotary shear shredder consists of two counter rotating shafts which have knives or knife rotors attached to 
each shaft. These knives overlap one another and cause a shearing or cutting action. 
 
Hook and shear shredders were originally designed by Kurt RosIer, a German Engineer in the 1960s for 
multipurpose solid waste processing of bulky material for size or volume reduction. 
 
This style of machine uses hexagon or keyed shafts in which knives and knife spacers are stacked on opposing 
shafts. The knife spacers between the shafts are used to give appropriate spacing between the opposing knives. 
All knives and knife spacers are stacked on the shafts and locked into place with large locking nuts which are 
threaded onto the shaft (see Figure 1). 

Figure 1: Rotary shear shredder with one-piece knives 
 

The Holman shredder was specifically designed for processing steel belted scrap tires. It is similar in design to 
the hook and shear shredder; however, it uses knife rotors and rotor spacers which are permanently fixed to the 
shafts by means of heat shrinking. The actual knife is then attached to the rotor by bolting it in place. Wear 
plates or liners are also secured to each side of the rotor to protect the rotor against wear (see Figure 2). 

Figure 2: Detail of the Holman shredder 
 
It is also important to note that the Holman design uses feeder rollers to align and feed tires to the knives, unlike 
the hook and shear shredder which uses the hooks on the knives to capture and pull the tire between the knife 
edges. 
 
The feeder rollers are a very simple, highly reliable, inexpensive device. They promote tire feed and reduce the 
chance of jams when feeding whole tires and eliminate tire bounce. 
 



The Holman design is far superior for processing scrap tires. By permanently affixing each knife rotor and each 
rotor spacer to the shaft, the tolerances between the knives are predetermined at the factory. These tolerances 
don't change throughout the life of the machine. 
 
By using extremely close tolerances .001-.002 inch between knives, this insures a clean cut of all rubber, wire 
and fiber cord. This is extremely important when producing chips for resale. 
 
Also, when using a smaller detachable knife, it is possible to use the highest grade of wear resistant tool steel 
available to prolong knife wear and reduce operating costs. This knife is 62-63 on the RC Scale. 
 
Close knife-to-knife tolerances and superior knife materials are the two contributing factors to producing 
cleanly cut chips with no loose or exposed wire from the chips. 
 
It should be noted that Columbus McKinnon holds the rights to the Holman patent. The hook and shear design 
relies on large nuts on the ends of the shafts to hold the entire knife and knife spacer stack in place. Tolerances 
between knives vary from .005-.007 inch when new from the factory. However, as the knives wear it causes 
enormous stresses to the shafts which allow them to flex. It is virtually impossible to hold the knife stack in 
place. In a short period of time, the stack becomes loose and the tolerances between the knives are lost and 
cannot be regained without disassembly of knives. Once the knives become loose, dirt and crumb rubber get 
between the knives and knife spacers preventing them from being re-tightened. This causes a tearing or ripping 
effect on the rubber tire pieces which leave many pieces still attached to one another. Pieces also have long 
protruding wires attached to them, leaving this product unmarketable. 
 
In time the shaft flexing will cause the shaft to crack and break, a situation which all hook and shear shredders 
experience when processing scrap tires. 
 
To further restrict cutting action, the one piece knife weighs approximately 100 – 200 lbs. and is vulnerable to 
cracking due to its hardness and due to the fact that the shaft is rotating inside of it, while using a Hex or key 
way to keep it from rotating on the shaft. The Hex or key way actually causes a stress rise in the knife itself. 
Therefore, the knife is usually made from 4140 or 6150 carbon steel and hardened to 48-50 RC Scale. Note that 
tire bead steel found in tires is 48-50 RC Scale. 
 
Once the tire is shredded it must be screened. Four types of screen are commonly used to screen shreds and 
chips into 2 x 2 or 1 x 1 chips. 
 
Single Deck Disc 
This screens by using rows of powered shafts with specific spaces between them to control product size. The 
shafts have daisy wheels attached to them, also specifically spaced on the shafts. The daisy wheels control 
product sizing and convey the product across the screen. 
 
Double Deck Disc 
Similar to a single deck disc except it uses two sets of powered shaft assemblies, or decks, in which one is 
placed on the other. The top deck has larger spacing between the shafts and daisies and also operates at a higher 
speed than the lower deck. This allows larger pieces to be moved along the screen. Smaller pieces fall through 
the top deck to the bottom deck and are re-screened. Obviously the double deck is much more efficient and 
produces a more consistent chip size than the single deck disc system. 
 
It should be noted that consistent chip size is an important factor when producing chips for resale. Columbus 
McKinnon holds a patent on this style of classification system which allows a very strong competitive edge. 
This style of classifier coupled with the patented re-circulation drum which carries the oversized pieces from the 
classifier back to the shredder allows the Columbus McKinnon System to process whole passenger and truck 
tires to be specifically sized chips for resale in one compact turnkey system. 



 
Its compact size takes up much less space than competitive units and allows it to be placed on a trailer for 
mobility (see Figures 3 and 4). 
 

 
 
 
Trommel Screen 
The Trommel, a large diameter tube or tunnel with screened holes on its outside diameter, is placed horizontally 
and fed material into one end from the shredder by conveyor-belt. while the Trommel rotates the product is 
screened and transported through the Trommel. Correctly sized materials falls through the Trommel and 
oversized material continues through the tube and out the end to be conveyed back to the shredder (see Figure 
5). 

 
 



Figure 5: Plan view and side elevation of a Trommel Screen 
 
 
This system takes up a large amount of space and must use five conveyors to properly transport the product. 
This is also true of external single deck disc screens. 
 
Rotary Screen 
 
Much like the Trommel, only it wraps around the cutting chamber and screens and conveys chips back to the 
cutting chamber in one process (see Figures 6 and 7). Note screening area is limited and blinding does occur. 
Screen size can be easily changed on both the Trommel and rotary screen by changing screen panels on its 
outside diameter. 

 
Figure 6: Stationary tire shredding operation (with rotary screen classifier) 



The United States is well on its way to solving the scrap tire problem. However markets for the products 
derived from scrap tires are very vulnerable and should not be taken for granted. Research still needs to be 
focused on markets. It is important to always be looking for those opportunities to find a better use for these 

aterials. 
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Figure 7: Cutaway view of stationary tire shredding operation (with rotary screen classifier) 
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Many countries can gain an enormous amount of experience in solving their own scrap tire problems by first 
investigating the American experience. There have been a numb

on a number of applications.  
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