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Oxygen enrichment evolved when cement producers sought 
alternative fuels to the expendable and non-renewable natural 
resources, such as coke and coal, for use in cement kilns. 

They researched many options, such as waste fuel and solvents. 
However, the noxious fumes derived when heating these substances, 
using traditional methods, in the kilns was considered detrimental 
to the environment and humans. Ultimately, the dilemma is one of 
energy versus emissions.

In addition to oxygen enrichment for cement kilns, there is a large 
market for the implementation of cryogenic recycling of rubber. In 
the late 1970s there was a global move to partially replace pure rub-
ber with approximately 1,5% latex rubber in products. This initiative 
was one of the early motivators to consider the effects that industry 
has on the environment, and to find alternatives to the use of non-
renewable resources.

Burning rubber

One of the alternative fuels researchers considered was waste-derived 
rubber. In the late 1980s, oxygen enrichment was adopted as the ideal 
methodology for achieving full combustion when re-using rubber as 
a fuel in cement kilns. 

Oxygen enrichment is a flexible, efficient and cost-effective 
technology applicable to all types of kilns (wet, long dry, pre-heater 
and pre-calciner).

Oxygen is required for any combustion process. Although air is 
the most common source of oxygen, it is not the most effective, since 
it contains about 70% nitrogen.

The nitrogen in air takes up volume, absorbs heat and lowers the 
flame temperature. However, by adding pure oxygen (also known as 
oxygen enrichment), the overall combustion process is increased. 
One sees an immediate increase in the flame temperature and thus 
a substantial increase in the heating process. 

The quality of the waste-derived fuel determines the potential 
substitution rate. While higher quality waste-derived fuels are capable 
of generating sufficiently high temperatures in the kiln, this is not 
the case with lower quality waste-derived fuels. The latter typically 
contain a higher moisture content and/or possess a lower BTU (British 
Thermal Unit) value. When using lower quality waste-derived fuels, 

generating sufficient heat in the kiln can be problematic. This results 
in greater portions of the primary fuel being required to maintain the 
temperature. This scenario therefore negates the benefits of utilising 
waste-derived fuel sources.  

Due to the fact that oxygen enrichment allows high temperatures 
to be reached very quickly, the impact of emissions is drastically re-
duced, while at the same time producing the requisite amount of heat 
required for the cement manufacturing process. The heat produced 
is so intense that it effectively removes all nitrogen from the process.

Environmental risks

In addition to the challenges surrounding maximised temperature in 
the kiln, waste-derived fuels also pose environmental risks. Stringent 
emission regulations for kilns burning waste-derived fuels ensure 
complete combustion and destruction of the waste. Variations in the 
composition of waste-derived fuels lead to incomplete combustion of 
the waste-derived fuel, which causes fluctuations in plant emission. 
This can include increased emission levels of carbon monoxide and 
hydrocarbons. 

By operating within the regulated emission control parameters, 
plants are unfortunately required to decrease production when using 
waste-derived fuels. Optimised design in oxygen enrichment burner 
systems allows for complete process stabilisation and maximised 
output. 

These factors lead to consistency of production and improved 
clinker quality. Implementing oxygen enrichment in a combustion 
process requires little capital investment and process disruption. 
Oxygen can be added ‘on the fly’, with almost immediate results 
being noted. 
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Return on investment

The return on investment of an oxygen enrichment system is excel-
lent. Companies adopting this methodology would require an oxygen 
burner, an oxygen flow meter and NOx monitoring equipment, which 
monitors flue gases, to adequately decrease or increase oxygen flow. 
There are three different types of oxygen enrichment – low, medium 
and high – which vary the rate between 1 and 4 %. 

Documented benefits include an increase in clinker production of 
between 5 and 30%; an increase in usage of alternative fuels (such as 
rubber) of 30 to 80% and improvements in kiln stability.

‘Big freeze’

In a complementary manner, as the demand for more finely ground 
recycled rubber increased, the incentive to find more productive 
and economical ways of achieving this gained momentum. The 
primary problem with grinding rubber into very fine particles is that 
it is very malleable. In order to reduce its malleability and give it the 
characteristics of a harder substance such as glass, it was necessary 
to temporarily change its inherent form.

By applying cryogenic principles to the handling of the rubber, 
industry has been able to alter the form of the rubber so it becomes 
extremely brittle and, therefore, easy to break and grind. Cryogenic 
grinding also reduces the rubber to particle sizes that are difficult to 
attain when utilising ambient temperature grinding methodologies. 

The first step in the process is the removal of all foreign objects, 
such as wire and nylon from rubber tyres and other waste rubber. 
Thereafter, the rubber is chopped up into manageable chunks and is 
placed on a sealed system conveyor. 

The phenomenon of materials where there is no long-range order 
of the molecules within the compound is known as Amorphism. Amor-
phous materials exist in the rubbery and glass states. If one hammers 
a piece of glass at room temperature it will break, whereas rubber will 
absorb the energy of the hammer impact and will not break. Therefore 
Amorphism is the basis for cryogenic grinding. Liquid nitrogen is 
sprayed on the rubber until it reaches glass transition temperature 
(Tg) levels. This makes the rubber brittle and prone to disintegration. 

The dry, cold and inert atmosphere within the sealed conveyor 
minimises the reaction with the rubber and thereby reduces the loss 
of volatile components. When processing composite materials, cryo-
genic grinding allows for easier separation of the various constituents.

Following this cryogenic process, the brittle rubber is immediately 
removed for fine grinding. The resultant powder is used as an additive 
for tyre manufacturers, rubber parts suppliers, on airport runways and 

in the sound-absorbent rubber mats at airports. Research indicates 
that increases in throughput levels of up to 100% have been noted 
when maintaining the same particle size distribution achieved with 
ambient temperature methodologies. Similarly, finer grinding can be 
achieved if one uses the same throughput levels.

The benefits derived from using cryogenic technology in this 
application include reduced power consumption, increased usage 
of waste product, less impact on the environment and increased 
return on investment.

Cryogenic rubber recycling is not a ‘one size fits all’ solution. After 
an initial meeting with clients, one needs to undertake laboratory tests 
on the client’s rubber samples to determine the best final particle size. 
This enables the design and supply of a complete cryogenic system 
for a client, based on possible best practice scenarios.

Cryogenic grinding not only increases productivity and minimises 
operational costs, but the concomitant reduction in energy usage is 
substantial. Traditional methods of reducing rubber to a fine-particle 
state require long cycle times and increased use of power to drive 
the processes. Cryogenic grinding results in faster turnaround of 
the waste material, for increased cost efficiency benefits and a more 
environmentally friendly approach.

Conclusion

South African companies involved in using or producing recycled 
rubber products can look forward to becoming more environmen-
tally compliant, while at the same time saving on production costs. 
Rubber recycling methodologies and the use of oxygen enrichment 
are finding increasing favour with companies which seek ways of 
reducing their carbon footprint. Emissions are effectively lowered 
and the use of alternative, waste-derived fuel sources, or the reuse 
of waste material, allows for environmental stewardship, while at the 
same time increasing productivity and plant life.
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