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Abstract
This document consolidates test reports on various types of DRC (De-vulcanized Rubber
Compound), produced by the Levgum process and inserted at different percentage by weight
into virgin compounds.
The document is organized by rubber type of the virgin compound into which the DRC was
inserted.
This is to demonstrate that the Levgum's DRC can be made from all Sulphur cured rubber, as
well as, be inserted into any Sulphur cured virgin rubber.
To that end we have shown the use of NR based DRC in NR based virgin compounds in the
first chapter of the document.
The second chapter shows how the use of NR based DRC in an SBR-NR virgin compound
can improve Tensile Strength (TS) and Elongation at Break (EB).
In the third chapter we show the good results of EPDM based DRC embedded in an EPDM
virgin compound up to 90% by weight.
The fourth chapter discusses a new form of DRC. DRC in sheets with a binding material.
Together with our Indian licensee Sundaram Industries Privet Limited (SIPL) we have
developed a sheet form to DRC called SILSHEET (DRC with a binder to make it into sheet
format). It is shown to have high quality better than any competitor commercially available in
the market.
Last chapter covers the Nitril Rubber. We have made Nitril based DRC and used it in a Nitril
based virgin compound for Pipes. These results were obtained by an end user. Unfortunately,
he allows us to disclose the results but not his name.
On this it is important to note that using the proper type of DRC, namely, DRC originating
from a certain polymer-based compound, may, under certain circumstances, even cause an
improvement of the resulting compound. For example, using DRC originating from NR based
compounds such as those coming from OTR and truck ELT (End of Life Tyres), in an SBR
based virgin compound, will improve EB (Elongation at Break) and TS (Tensile Strength).
The explanation is as follows: NR based compounds are having better elongation at break and
tensile strength than SBR based compounds. The difference might be large enough that DRC
made of NR would still poses better EB and TS than virgin SBR based compound. Hence,
when embedded in such a compound it will improve its EB and TS.
This is but one example to how innovative and creative compounding may cause
improvement while lowering the cost of the overall compound. Simply by using the right
DRC for the job of elevating the properties one wishes to improve.
The results also demonstrate how changing the acceleration may change some of the
properties of the compound (sometime at the expense of other properties).
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Levgum has more results to show. Some originating from leading tyer manufacturers.
However, these may be shown but not distributed under current NDAs.

NR based virgin compounds
DIK: (https://www.dikautschuk.de/en/)
Deutsches Institute fur Kautschuktechnologie e.V. is the leading German laboratory for
rubber. The report was commissioned and paid for by Omnigal when testing Levgum's
technology.
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NR corrected acceleration
Duram (http://www.duram.co.il/) is an Israeli firm producing injected molded rubber
products. It has one of Israel most professional rubber laboratories and rent services of testing.
Levgum has worked with them from the start and benefited much from their knowledge.
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SBR NR blend corrected acceleration
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EPDM corrected acceleration
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ARDL (Akron Rubber Development Laboratory)
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ARDL (https://www.ardl.com/) is considered to be one if not the leading rubber laboratory in
the US. It was choosen by Dr. Grady as well as the testing protocol. He based his letter (see
next) on this report. The work was paid for by Mr. Galiga who also hired Dr Grady, not by
Levgum.
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Dr. Grady's report (based on the above ARDL results. Tests made under his
instructions)

The University of Oklahoma
SCHOOL OF CHEMICAL, BIOLOGICAL AND MATERIALS ENGINEERING

April 12, 2007
Michael L. Galiga, Esq.
CEO
As One With The Environment, L.L.C.
3001 E. Memorial Rd.
Edmond, OK 73013

Dear Mr. Galiga,
I, Dr. Brian Grady, Professor in the School of Chemical, Biological and Materials
Engineering at the University of Oklahoma, have completed my investigation into the
technology, patented by Levgum Ltd., presented by your group regarding the process for
devulcanization of rubber with the end product named Purus™ Rubber, powered by Levgum
technology, as a filler in virgin rubber.
I strongly endorse this technology for the following reasons: The technology works. The
technology has no drawbacks or hidden problems. The technology can be and has been put
into industrial practice with few challenges and at a reasonable cost. The remainder of the
letter describes the reasons for my very positive overall evaluation.
Does the technology work?
A great deal of data from a variety of worldwide sources shows that the process works very
well. Mr. Galiga, CEO of As One With The Environment, asked me to verify the current data
with a comprehensive test with a premier laboratory in America. Hence, I designed such a
study and located such a laboratory. Mixing, aging and tensile tests were carried out by Akron
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Rubber Development Laboratory (ARDL), which is a recognized leader in its field. The
rubber was devulcanized by Levgum personnel. EPDM rubber was used for the tests. Briefly
stated, the following steps were undertaken:
a) Rubber was mixed and cured using a standard formulation. No antioxidant was used in
b)
c)
d)
e)
f)
g)

order to shorten heat aging tests.
A portion of the rubber was tested using tensile and heat aging tests.
The remainder of the rubber was made into crumb and devulcanized.
The devulcanized rubber crumb (Purus™ Rubber, powered by Levgum technology,)
was mixed with the uncured rubber of the same general formulation and cured.
Purus™ Rubber, powered by Levgum technology, substitution levels of 20%, 50%,
and 90% were tested.
The tensile strength and elongation at break dropped approximately 5%, 10% and 15%
respectively, which is outstanding performance.
There was no statistically significant difference in heat aging behavior between the
material with and without Purus™ Rubber, powered by Levgum technology,.

Simply stated, the performance of Purus™ Rubber, powered by Levgum technology, is
excellent.

100 East Boyd, T-335, Sarkeys Energy Center, Norman, Oklahoma USA 73019-1004
PHONE (405) 325-5811 FAX: (405) 325-5813
Does the technology have any drawbacks or hidden technological problems?
Environmental Stability
Data indicates that with the appropriate chemicals, material containing Purus™ Rubber,
powered by Levgum technology, will behave identical to material with 100% virgin rubber
with respect to environmental resistance (heat, water etc). The aging property of the rubber
tested by others simulated up to 25 years of outdoor use with good results.
Cure Time
In our tests, the cure time was about 50% slower than the cure time of the 100% virgin rubber.
The reason for the difference is that it is difficult to predict how accelerators/curing agents
have to be adjusted with the Purus™ Rubber, powered by Levgum technology, to match the
cure times. It would be a simple matter in the future to match the cure times by adjusting the
amounts of accelerators/curing agents. Data provided by others suggest that no change in
performance will occur when the curing time is the same as the virgin rubber.
Stiffness
In our perfectly controlled tests, the moduli at 100% elongation (as well as higher elongation
moduli) were higher than the modulus of the 100% virgin rubber.
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Hardness and Cut Strength
The hardness is simply the arithmetic average of Purus™ Rubber, powered by Levgum
technology, and virgin rubber. The cut strength behavior is expected to be somewhere
between the arithmetic average and the behavior of the tensile strength.
What technological issues will have to be addressed in an industrial scale
facility?
Quality control of the incoming raw material
There are two issues: particle size and chemical composition of the rubber crumb. The more
uniform the particle size and chemical composition the higher quality of the Purus™ Rubber,
powered by Levgum technology.
Proper Mixing Procedures
Purus™ Rubber, powered by Levgum technology, and the tested virgin rubber were mixed
very well under my supervision at ARDL. There are two issues with respect to mixing. The
first is that many passes through a roll-mill to mix the devulcanization agent and rubber
crumb are required. The minimum number of passes will depend on crumb particle size. The
second issue is that the Purus™ Rubber, powered by Levgum technology, and the virgin
rubber should be well mixed to achieve the best performance. The necessary procedures to
produce a well-mixed rubber will consist of mixing in an internal mixer followed by multiple
passes through a roll-mill with chilled rollers. It is possible internal mixing alone will
produce a good enough mixture, but I think it unlikely. All pieces of equipment are standard
to the industry.
Maximum Substitution Level
For the maximum cost-savings, the higher the Purus™ Rubber, powered by Levgum
technology, substitution level, the better. However, it is probably not the cured rubber
performance that will determine the highest substitution level possible, it is the ability to
handle and mix the uncured Purus™ Rubber,
100 East Boyd, T-335, Sarkeys Energy Center, Norman, Oklahoma USA 73019-1004
PHONE (405) 325-5811 FAX: (405) 325-5813
powered by Levgum technology, plus virgin rubber. Above about 50% substitution,
continuous large sheets may be difficult to form without modifiers. At 20% substitution, the
material handles nearly identical to 100% virgin rubber.
In summary, I could not be more pleased with the outstanding test results from ARDL
on Purus™ Rubber, powered by Levgum technology, and believe that this technology
can significantly increase and improve recycling of already-used rubber as well as
reduce the amount of precious fossil fuels used to make new rubber.
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Please feel free to contact me if you have any questions.

Dr. Brian Grady
Professor
President’s Associate Presidential Professor
School of Chemical, Biological and Materials Engineering
University of Oklahoma
100 East Boyd, EC Room T-223
Norman, OK 73069
(405) 325-4369
FAX (405) 325-5813
E-Mail: bpgrady@ou.edu

100 East Boyd, T-335, Sarkeys Energy Center, Norman, Oklahoma USA 73019-1004 PHONE (405) 325-5811 FAX: (405) 3255813
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SILSHEET
Physical properties

Sundaram Industries Privet Limited (http://www.silrubberresources.com/) was established in
1943 as part of the TVS Group. One of the most respected business groups in India. the
Group is the largest 2-wheeler tyre manufacturer in India. SIPL is specialized in solid tyres
sold all over the world.
It has been Levgum's licensee since 2003
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Chemical properties
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SILSHEET vs. Reclaim Rubber
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IRMRA – Indian Rubber Manufacturers Research Association (https://irmra.org/) holds one
of India's most lucrative rubber laboratories highly considered for professionalism and
honesty.
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Field tests
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Field tests with high SILSHEET load (70% by weight)

26

Website: www.levgum.com

27

Website: www.levgum.com
Nitril Rubber
(Client allowed use of data without his name for his own reasons)

Blends of DRC with virgin rubber compounds
Tables 1 and 2 represent application of DRC in nitrile compounds. DRC obtained from
corresponding nitrile scrap was used in both cases.
Content of Content
NBR pipes of DRC
compound

Mod
100

Mod
300

TS

EB

Hardness

Sp.
gravity

100

0

1.5

2.1

3.5

563

60

1.62

80

20

1.4

2.2

3.1

570

58

1.64

Table 1: NBR pipes compound
Table 2 shows full applicability of 20% DRC-containing compound as substitute of virgin
one. Main property for pipes – Elongation – has been even improved at addition of DRC.
Content Content Mod 100
of nitrile of DRC
rubber

TS

EB

Hardness

100

0

7.4

12.8

212

83

85

15

5.1

11.7

214

80

15

85

4.4

11.4

278

78

Table 2: full applicability of 20% DRC-containing compound as substitute of virgin one.
Main property for pipes – Elongation – has been even improved at addition of DRC.
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Picture 1: Tensile properties

Elongation as function of nitile DRC
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Picture 2: Elongation at Break
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Hardness as function of nitrile DRC content

Hardness, Shore
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Picture 3: Hardness, Shore

Phenomenal effect has demonstrated nitrile hose compound as it is shown in Table 3 and
pictures 1, 2 and 3: test revealed improvement or good retention of main parameters of this
compound even at content of DRC 85%.
Conclusions
1. DRC proved its applicability in Nitrile compounds with virgin rubber blends for pipes &
hoses industry etc.
2.

Addition of DRC or substitution of the part of entire blend for DRC is the most effective
way of its application in compounds. Under no circumstances should substitution of virgin
rubber only for DRC be recommended.
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