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Process For Recycling Polymeric Waste Materials

FIELD OF THE INVENTION

[0001] This invention relates to a process for transforming various compounds and
mixtures containing macromolecular compounds comprising hydrogen, carbon and other
elements into fuels. More particularly, the invention relates to economic transformation

of tire rubber, fluff and other polymers into liquid fuels.

BACKGROUND OF THE INVENTION

[0002] The accumulation of waste polymeric materials having extremely low or zero
degradation rates has become a significant societal problem. For example, the number of
tires produced and disposed of in the United States is estimated to be about 300 million
annually. Additionally, fluff produced by, for example, recycled motor vehicles and

appliances is estimated to be 500 pounds of fluff for each ton of recovered steel.

[0003] The uses for waste tires are rather limited. While they have been added to
asphalt, burned in kilns, used as shock absorbers in playgrounds, and used as absorbers of
oil spills, the vast majority of waste tires remain as a problematic environmental and

health concern.

[0004] Natural rubber is a polymer deriving from isoprene (2-methyl-1,3-butadiene).
The molecular weight of the natural rubber varies significantly and is between 10" and
10°. The Merck Index defines rubber as cis-1,4-polyisoprene with a molecular weight

varying from 100,000 to one million. Both natural and synthetic rubber is usually cross-
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linked with sulfur, peroxides or bisphenol. The process, called vulcanization, produces a
three-dimensional lattice. It improves properties of the product which becomes much

stronger, more temperature sensitive, more elastic and non-sticky.

[0005] While natural rubber is soluble in chloroform, absolute ether, many fixed and
volatile oils, petroleum ether, carbon disulfide, and oil of turpentine, the cross-linked
product is much less so. The synthetic varieties can derive from one or more of the
following: 1,3-butadiene, chloroprene (2-chloro-1,3-butadiene), and similar monomers.
The relevant copolymers often derive from styrene. Styrene-butadiene-rubber, or SBR, is

the largest synthetic component of tires.

[0006] An estimated 60% of all manufactured rubber is used in tires. A typical
passenger tire consists of natural rubber (14%), synthetic rubber (27%), carbon black
(28%), steel (14-15%), and additives (fabric, fillers, accelerators, antiozonants, etc.) (16-
17%). Its average waste weight is 20 Ibs. A typical waste truck tire weights 100 Ibs and

contains reverse proportions of synthetic and natural rubber as compared with a car tire.

[0007] Waste tires are not biodegradable, thereby creating both an environmental and
health problem. They exacerbate the spread of mosquito-borne diseases in that they
provide an insect breeding ground. Additionally, whole tires are difficult to store in
landfills in that they are bulky and cause damage to the landfill cap or seal, as they tend
to “float” their way to the top of the fill. In an attempt to prevent this migration, many

landfills require that scrap tires be shredded, a process which is energy intensive and
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wasteful if it does not produce any useful product. Due to the cost associated with proper

disposal, many tires are dumped illegally.

[0008] In response to these problems, there are a number of known methodologies
utilized to recycle used rubbers, all of which have significant limitations. Tires have been
both combusted to produce energy and pyrolized to produce fuels. Pyrolysis is generally
defined as thermal degradation at temperatures as high as 900 degree C. in an inert
atmosphere and has been favored because lower temperature attempts to use tires as a

source of energy have heretofore not been economic.

[0009] The breakage of rubber’s covalent bonds requires that relatively large
quantities of energy be delivered to the waste rubber material. Pyrolysis usually takes
place at temperatures above 530 degrees C. All of these high-energy techniques use
“dry” processing, in that the two reaction products are gas and solids. Some of the gas
exhibits molecular weight high enough to condense with cooling water, useful as a

valuable liquid fuel, but most is lower value gas and solid fuel.

[0010] Potentially economic and useful methodologies that have been attempted to
introduce energy into rubber to break the covalent bonds are direct heating, ultra-sound,

and microwave energy.

[0011] A single car waste tire weighing about 20 pounds has about the same heating
value of coke, approximately 15,000 BTU's per pound, or approximately 258,000 BTU's

per tire. Therefore, if economical, environmentally sound processes can be formulated to
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convert waste tires, fluff and other polymeric materials into a fuel source, much of the
aforementioned problems can be obliviated. Accordingly, there is still a continuing need
for improved methods of transforming tires, fluff and other polymeric materials into fuel.

The present invention fulfills this need and further provides related advantages.

BRIEF SUMMARY OF THE INVENTION

[0012] The present invention provides an economic process which utilizes solvents
such as biodiesel and other esters containing short alkyl groups, fats and oils, and
relatively high molecular weight alkenes to produce liquid fuels from waste polymeric

materials such as, for example, used tires and fluff.

[0013] In a first embodiment, a process for using polymeric material to produce fuel
comprises the steps of adding a predetermined quantity of polymeric material to a
predetermined cycle starting solvent volume; introducing an energy source into the
solvent for a predetermined time at a predetermined temperature and pressure to form a
product; removing the energy source; optionally, recovering and removing at least some
solvent from the product for use in a subsequent cycle; allowing the product to cool to a
predetermined pumpable operative temperature; adding new solvent to achieve a
predetermined subsequent cycle solvent starting volume; repeating the process using the
predetermined subsequent cycle starting volume; and repeating the above for a

predetermined number of cycles.
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[0014] In a second embodiment, a process for using polymeric material to produce
fuel comprises the steps of adding a predetermined quantity of polymeric material to a
predetermined quantity of solvent; introducing an energy source into the solvent for a
predetermined time at a predetermined temperature and pressure to form a product;
removing the energy source; and allowing the product to cool to a predetermined

pumpable operative temperature.

[0015] In a third embodiment, a process for recovering reusable solids, for example,
steel, from polymeric material such as, for example, steel belted tires, comprises the steps
of adding a predetermined quantity of polymeric material to a predetermined volume of
solvent; adding an energy source into the solvent for a predetermined time at a
predetermined temperature and pressure to allow the solid to separate from the tire;

removing the energy source; and removing the separated solid from the solvent.

[0016] The present invention also encompasses the fuel formed by the processes

described in detail below.

[0017] One advantage of the present invention is the economical utilization of waste
macromolecular materials such as used tires and fluff and the economical removal of

waste polymeric material from landfills.

[0018] A second advantage of the present invention is the reduction of the

dependence on new fossil fuel sources.
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[0019] Yet another advantage of the present invention is the reduction in the amount
accumulated waste fats and oils such as those generated by food preparation due to their

usage in the manufacture of solvent such as biodiesel.

[0020] A further advantage of the present invention is production of a relatively low

cost fuel.

[0021] Yet another advantage is that tire steel and fluff fiber can be recycled

economically, further enhancing the present invention’s environmental benefits.

[0022] Still another advantage is that the process uses moderate temperatures and

pressures, with concomitant energy savings and increased safety.

[0023] Other features and advantages of the present invention will be apparent from
the following more detailed description of the preferred embodiments, taken in
conjunction with the accompanying experiments which illustrate, by way of example, the

principles of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0024] For purposes of this disclosure, the following definitions apply:
[0025] “polymeric  material” are macromolecular compounds comprising
substantially of carbon and hydrogen plus a) smaller amounts of oxygen, for example

polyesters, acrylates, and the like, b) nitrogen, for example polyurethanes, polyamides,

and polyimides or c) sulfur, for example, vulcanized rubber. It includes for example,
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vulcanized and non-vulcanized rubber, polystyrene, polyacrylates, polymethacrylates,
and polymers produced as a result of condensation polymerization such as for example,
polyesters. Other such materials include, for example, polyamides such as nylons,

polyolefins, and natural rubber, polyisoprene.

[0026] “fluft” is the content of automobiles and so called white goods, for example,
refrigerators, washing machines, dryers, dishwashers and other similar products after

being processed through a shredder.

[0027] “biodiesel” is a mixture of methyl, ethyl, or n-propyl esters of carboxylic acids
or combinations thereof formed as a result of transesterification of fats with methanol,

ethanol, or n-propanol, respectively.

[0028] “polymeric material degradation” is any process that decreases the molecular
mass of the polymer including devulcanization. More specifically, degradation comprises
of breaking covalent bonds such as for example, carbon-carbon, carbon-sulfur, carbon-

oxygen, and sulfur-sulfur bonds.

[0029] “degradation products” are materials that are of lower molecular weight or
physical size than the starting polymeric materials. The decrease of the molecular weight
or physical size is the result of the breaking of one or more covalent bonds of the
macromolecular material. “Degradation products” include, but are not limited to,

products formed as a result of, for example, degradation of cross-links.

[0030] “solution”, *“ suspension” and “dispersion” are used interchangeably.
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[0031] “solvents” are:

a. esters of carboxylic acid which exhibit sufficiently high boiling point to
enable performing the reactions at temperatures necessary for the degradation and
dissolution or dissolution of the polymeric material according to the present
invention. While not required, the esters should preferably be liquids at ambient
temperatures, for example, methyl, ethyl or n-propyl esters of long chain
carboxylic acids, usually referred to as biodiesel; short alkyl chain (up to C-4)
esters such as, for example, diethyl sebacate; and fats including waste fats, i.e.

esters of glycerol and long chain carboxylic acid such as, for example, soy oil;

b. 1-alkenes which exhibits sufficiently high boiling point to enable
performing the reactions at temperatures necessary for the degradation and
dissolution or dissolution of the polymeric material according to the present

invention, for example, 1-octadecene; and

C. mixtures of the above.

[0032] Although rubber waste tires and fluff are described as exemplars, the
invention is neither limited to waste tires or rubber or fluff, but is contemplated to be

used with polymeric materials as defined above.

[0033] In a first step of a first embodiment of the present invention, polymeric
material, for example, waste tire and/or fluff, is introduced into a solvent. Optionally, the

material is introduced incrementally as it dissolves/suspends/disperses. The process may
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be conducted by, for example, batch mode or by continuous sequential operation.
Preferably, an amount to form between about 10% and about 35% solution by weight,
most preferably, between about 15% and 20% solution by weight of polymeric material is

introduced.

[0034] In a second step, energy, for example, ultra-sound, microwave energy, and
preferably direct heat, is introduced into the solvent containing immersed polymeric
material for a predetermined time sufficient to dissolve/suspend/disperse the degradation
products to form a solution, suspension, dispersion or combinations thereof. It is not a
requirement that all polymeric material be dissolved. In the preferred embodiments,
process temperature is between about 180 degrees C. and about 400 degrees C.;
preferably between about 310 degrees C. and about 325 degrees C.; and most preferably
between about 320 degrees C. and about 325 degrees C. In the preferred embodiments,
the process is carried out at atmospheric pressure, which provides both economic and

safety advantages. However, the process is not limited to atmospheric pressure.

[0035] Optionally, the polymeric material may be machined or otherwise formed into
small pieces prior to immersion in the liquid. Small polymeric material size is not a
requirement, as the surface area of polymeric material in contact with the liquid does not
determine the time of the process, but rather, we believe process time is determined by
the ability of solvent to penetrate the polymeric material. Solvent penetration occurs

more freely upon energy introduction and optional agitation.
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[0036] Low boiling distillates, for example, distillates having a boiling point up to
about 100 degrees C., may be distilled off. Due to relatively low process temperatures,
the process of the present invention does not produce significant quantities of gas. Those
gases that are formed are flammable and constitute an additional small energy by-product
of the process. The distillates consist usually of two phases — one aqueous, the other

organic.

[0037] In a third step, the energy source is removed and tire steel remnants are
removed from the solution/suspension/dispersion, hereinafter referred to as the “product”.
Known technology to recover scrap steel from waste tires produces steel coated with
rubber and other contaminants. The present invention produces steel better suited for
recycling in that the steel separates from the rubber early in the process. The steel can
thereafter be recovered using the physical removal, for example, through the use of

magnets, tongs, forceps, strainer and the like.

[0038] Other non-polymeric material for example, carbon black, and small quantities
of zinc oxide, silica, and calcium carbonate used as fillers are optionally removed.
Depending on final product usage, none, some, or all of the remaining non-steel, non-
polymeric material is removed. The removal process may be by, for example, filtering,
siphoning, and centrifugation. Once removed, the non-polymeric material may be

recycled through known recycling methods.

[0039] In a fourth step, the solvent is recovered from the product, for example, by
distillation, and reused to dissolve/suspend/disperse additional polymeric material for a

-10 -



WO 2009/018202 PCT/US2008/071317

predetermined number of cycles. Optionally, a predetermined amount of new solvent
may be added to the used solvent recovered from the prior cycle to achieve a

predetermined cycle starting volume.

[0040] In a fifth step, the product is cooled to an effective safe temperature for
transportation for use as, for example, fuel. Total homogenization is not required, but the

product should be pumpable at predetermined operative temperatures.

[0041] In a first step of a second preferred embodiment of the present invention,
polymeric material, for example, waste tire, is introduced into a liquid. Preferably,
amount to form between about 30% and about 90% solution by weight, most preferably,
about 60% solution by weight of polymeric material is introduced. In all other aspects,

steps one through three are as described above.

[0042] In a fourth step, the product is cooled to an effective safe temperature for
transportation for use as, for example, fuel. Total homogenization is not required, but the

product should be pumpable at predetermined operative temperatures.

[0043] In a fifth, optional step, the product is further refined using known methods to

produce multiple categories of known fuel.

[0044] The following experiments were conducted utilizing differing preselected
solvents: A sample of such a mass as to produce a solution of about 10 - 50 % w/w of
tire was cut to pieces not larger than about 1 inch and introduced into a three neck reactor

(for 250, 500 or 1000 ml) filled with a predetermined quantity of solvent and an optional
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selected additive of about 0 - 0.5%. The first neck was used to constantly mix the reactor
content using a mechanical stirrer, the second neck enabled constant measurements of the
temperature of the reactor content with a thermocouple, and the third neck was connected
to a Liebig’s condenser to constantly distill off low boiling products, if formed. The

mixture was heated to a predetermined temperature for a predetermined period of time.

[0045] As the reaction progressed, the pieces of tire disappeared and the mixture
became black. The reactor was allowed to cool and when the mixture’s temperature fell
to below about 140 degrees C. its content was poured through a mesh strainer. In all
cases steel remnants were easily removed and simply cleaned with no rubber residue
remaining on the steel. This occurred even in low temperature experiments down to

about 180 degrees C.

[0046] Selected samples of the distillate as well as the filtrate were analyzed using
GC/MS. The filtrate was obtained by either passing the product through a paper filter
under both normal and decreased pressure or by centrifugation to separate the carbon

black and other inorganic material from the solution/suspension/dispersion.

[0047] The following is a summary of experimental findings. While the exemplars
were conducted at atmospheric pressure, the present invention is not limited to

atmospheric pressure.
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[0048] The following liquids were utilized as solvents: waste cooking oil, vegetable
(soy) oil, diesel oil, paraffin, 1-octadecene, biodiesel, dibenzyl sebacate, dibutyl

phthalate, tetracthylene glycol, and diethyl sebacate.

[0049] Soybean oil produced highly encouraging results, particularly when known
devulcanizer additives such as ditolyl disulfide or zinc oxide and stearic acid were added.
A substantially total solubilization of the mix required about 3 hours of heating at about

316 degrees C. to about 343 degrees C., with the latter being preferable.

[0050] Diesel oil having a boiling point of about 150 degrees C. to about 370 degrees
C., with 90% above 204 degrees C. proved to be unacceptable. Paraffin also proved to be
unacceptable because its waxy or solid character at ambient temperature made processing
very difficult. Dibutyl phthalate processed at about 2 hours at about 290 degrees C

produced practically no degradation of rubber.

[0051] Dibenzyl sebacate and tetramethylene glycol (together with p-tolyl disulfide
(PTDS)) heated with tire rubber to about 260 degrees C. also produced practically no

dissolution of rubber in the medium.

[0052] I-octadecene produced results better than those achieved with vegetable oil,
producing total solubilization of the tire in about 60 minutes at about 300 degrees C.
using PTDS as an additive. Equal results were accomplished when employing a mixture

of vegetable (soy) oil and 1-octadecene.
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[0053] However, vegetable oil batches often overheated and scorched the rubber and
the equipment. Consequently, a solvent with a lower boiling point was sought so that the
temperature could be controlled by refluxing the mixture at the solvent’s atmospheric
boiling point. Biodiesel was chosen due to its reasonable price, relatively low boiling
point, and acceptable viscosity even at ambient temperatures. The results were
unexpected. Homogenization of the mix was achieved significantly faster than when
other media were used. Due to the significant rate of biodiesel decomposition in the
presence of tire rubber at reflux, the process was performed below the boiling point of

biodiesel.

[0054] The effective temperatures were found to be between about 260 and about 345
degrees C. At higher temperatures the process required even less time but the rate of
biodiesel degradation became a significant factor. The optimal temperature of the
process is about 325 degrees C. at which disintegration of the tire rubber required about

30 minutes.

[0055] At temperatures higher than 325 degrees C. the biodiesel degradation in the
presence of rubber became significant. It was even more the case when the biodiesel was
refluxed above about 347 degrees C. Additives, including those helpful as devulcanizing
agents, did not significantly improve the process’s temperature or time. The process was
conducted at tire concentrations varying from about 10% to more than about 50%. At
concentrations higher than about 50% the product after standard process time still

contained small rubber chunks which were soft and close to total disintegration.
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[0056] The result was duplicated with diethyl sebacate heated to its boiling point of
312 degrees C. for about 30 minutes proving the process can be performed with other

esters containing short alkyl chains.

[0057] Mixtures exposed to temperatures below about 290 degrees C. were difficult
to filter or separate using a centrifuge. Liquefied products exposed to higher
temperatures could be easily filtered to produce a black solid consisting primarily of
carbon black. Thus, one advantage of bio-diesel is that the resulting mixture can be

filtered and centrifuged to separate the solids from the liquid.

[0058] The filtered liquid without the solid material was analyzed using the GC/MS.
Besides the products that were not sufficiently volatile to pass through the specific GC
column kept at 300 degrees C., it contained three major peaks (MW = 270, MW = 296,
and MW = 298). They correspond to methyl palmitate (C;sHs;COOCHs3), methyl oleate
(CH3(CH,);CH=CH(CH;);COOCH3), and methyl stearate (C;7H3sCOOCHj3),

respectively, which are typical components of biodiesel deriving from the soy oil.

[0059] When performing the process with biodiesel, low boiling products up to about
100 degrees C. were distilled off and collected. Usually, a few grams of a distillate were
collected which consisted of two phases. The oil-phase distillate contained several peaks
in the MS. They included molecular masses of 126 and 136. The exact structure of the
corresponding compounds could not be determined. It is believed that initially the
methyl or methoxyl group of the biodiesel reacts with the vulcanized rubber. For
example, the methyl group reacts with the sulfur atoms to form a thiomethyl
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functionality. In all reactions above about 290 degrees C., there was some evolution of
gas, with higher temperature and higher concentration of tire rubber producing more gas.
The mass of the released gas was not significant and on every occasion it was tested it

proved to be flammable.

[0060] The product of the treatment of tire rubber with biodiesel was analyzed for its
BTU/Ib value. The results for the mixture consisting of about 48% tire rubber (without

steel) and about 52% biodiesel are listed in Table 1.

TABLE 1
ASTM Method Test Result Units
D4052 Density @ 60 1.0304 g/ml
D240 Gross Heat of Combustion 17048 BTU/1b
D240 Gross Heat of Combustion 146442 BTU / gal
D4294 Sulfur 0414 Wt %
D93 method B Flash Point (PMCC) 179.7 deg F
D445 at 100 deg C Kinematic Viscosity @ 100 787.4 cSt
D482 Ash @ 775 deg C 2.040 Wt %
D95 Water by Distillation <0.05 Vol %
D95+D473 Total Water & Sediment 4.40 Vol %
D473 Sediment by Extraction 4.40 Vol %

[0061] Although the mechanism of action of the methyl esters is not known for

certain, we believe that initially there is a reaction involving rubber and the methyl ester
(ethyl ester in the case of diethyl sebacate). The result of this reaction is some low
boiling products (vide MS) containing O-CH3 or S-CH3. Simultaneously, the degradation

of rubber is believed to be initiated.
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[0062] The original size of carbon black particles used in tire manufacture is below
50 nm. Since the filtration is successful even at high concentrations of rubber (up to at
least 30% w/w) we believe that during the rubber degradation the carbon black particles
must form agglomerates. Alternatively, they may have formed upon rubber production.
Otherwise, as stated above, they could not be separated using simple filtration or
centrifugation since the initial size of carbon black particles in tires is much below 50

nanometers.

[0063] In most experiments a mixture of old and new tires from various sources

deriving from cars and trucks were used.

[0064] The organic components of rubber include the benzene ring and a variety of
aliphatic chains that may or may not comprise of double bonds. Thus, the mechanisms of
potentially bond breaking/forming processes are: electrophilic aromatic substitution,
electrophilic addition to double bonds and a plurality of free radical processes.
Additionally, the presence of sulfur atoms in the system offers a nucleophilic center for a

nucleophilic attack.

[0065] In line with these possibilities, additives tried include the following reactants:
tert-nonyl polysulfide, 2-mercaptobenzothiazol, dibenzyl disulfide, bis(4-methoxyphenyl)
disulfide; p-tolyl disulfide (PTDS); elemental sulfur; zinc dust; iron powder; Fenton
reagent (formed in situ, for example, from iron (II) acetylacetonate and oxidizing agents);
2,3-dimethyl-2,3-diphenylbutadiene (thermally stable free radical initiator), and stearic
acid and zinc oxide in various proportions; zinc bromide and 2,5-dimethoxybenzyl
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bromide, zinc bromide and trityl chloride, zinc bromide (purchased and formed in situ)
and 2-phenylbenzyl bromide, zinc chloride and trityl chloride, and tin (IV)
diacetoacetonate dichloride and dimethoxybenzyl bromide. Some of these additives,
particularly those capable of electrophilic addition to double bonds, enabled shortening of
the procedure. However, none of the tried additives decreased significantly the time
required for the tires’ degradation. The free radical initiators were not effective because,

we believe, the carbon black acted as a scavenger of free radicals.

[0066] In one comparative experiment, car tire pieces (15.0 g) of the same origin
were cut to small chunks (about 10 mm in diameter, about 65 pieces) and to substantially
larger chunks (about 2.5 ¢cm in diameter, 7 pieces), and separately immersed in 105.0 g of
100% biodiesel in a three neck 500 ml reactor and mechanically mixed and heated to
about 300 degrees C. for about 30 minutes. The temperature in both experiments was
strictly kept the same. After the mixtures had been cooled to about 150 degrees C. they
were poured through a strainer. The degree of tire degradation was compared in both
experiments. It was found that the degree of tire degradation did not differ. This
indicates that the reaction time practically does not depend on the size of the rubber
particles. It further indicates that the reaction is not limited only to the surface of the

rubber material.

[0067] Polymerization of 1,3-butadiene or isoprene (methylbutadiene) produces a
polymer with double bonds present between (previous) carbon atoms number 2 and 3.

Natural or synthetic rubber is such a polymer which is known to be soluble in some

- 18 -



WO 2009/018202 PCT/US2008/071317

organic solvents, including biodiesel. In comparison, vulcanization produces connections
between the former double bonds of various rubber chains, formed by one or more sulfur
atoms. Vulcanization (and any other cross-linking process) forms a three dimensional
network. The molecular weight is close to infinity, and therefore, the cross-linked
material is insoluble in solvents. It is believed that the novel process of the present
invention achieves at least some extent of devulcanization, thereby forming a product that
is thereafter soluble. Many non-vulcanized polymers when heated become amorphous
and soluble in the solvent. In small concentrations when the solvent is cooled, they

remain dispersed or dissolved in the mixture and become part of the pumpable fuel.

[0068] In preferred embodiments, biodiesel was used as the solvent. Interestingly, no
degradation of biodiesel at its boiling point without tire rubber (a blank experiment) has

been observed.

[0069] While the above exemplars referenced waste tires, the present invention is
also applicable to fluff as the polymeric material. The composition of fluff can vary
dramatically from one sample to another, however, it usually contains, for example,
plastics, rubber, thermoplastic materials, thermosets, polyurethane and polystyrene
foams, wood, paper, fabrics, glass, dirt, metal pieces, and tar. Additionally, fluff may be
contaminated with such liquids as antifreeze, gasoline, engine oil, brake fluid, windshield
washing fluid, and refrigerants such as freons, and on rare occasions PCBs
(perchlorobenzenes). Furthermore, fluff contains varying quantities of moisture and

occasionally, small amounts of such heavy metals as lead and cadmium.
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[0070] In the following exemplar, the composition of the plastics portion of fluff is

approximately:

Polymeric material Percent
Polyurethane foam 23
RP, BMC, SMC 22
Polypropylene 19
PVC 15
ABS 7
Nylons 4
Acrylic 3
Phenolic 2
Other 5

Where SMC = sheet molding compounds; BMC = bulk molding compounds; RP = fiber

or self reinforced polymers; and PVC = polyvinyl chloride.

[0071] In a preferred embodiment, during a first, optional, step, the fluff is pretreated
using known methods to a) separate components of very low or very high density, for
example, by floating the fluff in liquids with various densities, and/or b) to remove left-
over ferrous metals. For purposes of this disclosure, very low density is meant to be

below 0.95 g/cc and very high density is meant to be above 1.03 g/cc.

[0072] In a second step, the fluff is immersed in solvent, for example, biodiesel,

waste cooking oil, or unused cooking oil. To promote trans-esterification which
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depolymerizes condensation polymerization products such as polyethylene terephthalate
(PET), compounds such as primary or secondary amines, alcohols, phenols, carboxylic or
sulfonic acids exhibiting an operative boiling point can optionally be added to the
mixture. Such compounds may promote also the degradation of polyimides, poly(amino

acids) and other similar macromolecules.

[0073] In a third step, the mixture is agitated, for example, vigorously mechanically
stirred, and heated under reflux to about 260 to about 315 degrees C. Outcoming gases,
for example, hydrogen chloride and hydrogen sulfide, may optionally be scrubbed into
the solution of a base such as, for example, sodium hydroxide or sodium carbonate. The

mix is kept during constant stirring at the preselected temperature for about 60 minutes.

[0074] Fluff may also contain halogenated compounds which may require additional,
optional scrubbers. For example, if the fluff contains poly(vinyl chloride), the chlorine
atoms form hydrogen chloride than can optionally be scrubbed in a basic solution, for
example, hydroxide or carbonate solution. If needed, additional scrubbers, for example
an acidic solution capable of scrubbing low boiling amines can be optionally added.

Therefore, one or more scrubbers, as needed are optionally utilized.

[0075] In a fourth step, the mixture is cooled down to about 150 degrees C or less and
then filtered to remove any non-dissolved solids. It has been found that the major

components of these solids are reusable fibers.
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[0076] The resulting filtered liquid is combustible, usable as a fuel. Optionally, the

filtered liquid can be distilled to remove lower boiling hydrocarbons and diols.

[0077] Optionally, the addition of small amounts, for example about 0.1 to about
3.0% w/w against the fluff of compounds such as, for example, nonylphenol, »-
octylamine, or glycerol shortens the time necessary to produce an effective homogeneous

mixture.

[0078] In one experiment, 22.3 gram of a typical fluff sample collected from a
junkyard was added to 120.0 gram of used oil from a pizza restaurant placed in a 1L,
three neck glass reactor equipped with a mechanical stirrer, reflux condenser and a
thermocouple to measure the temperature of the reaction mixture. The exhaust gases
from the condenser were scrubbed into an aqueous solution of sodium hydroxide. The
mixture was stirred and heated using an electric heating mantle to a temperature of about
315 degrees C. The mixture was kept at this temperature for about 60 minutes. Next, the
mixture was cooled to about 260 degrees C and an additional 19.9 grams of fluff was
added to the mix. The mix was kept at about 315 degrees C for about 60 minutes. The
resulting viscous liquid was cooled to 204 degrees C and passed through a strainer. The
process produced about 20 grams of solids (fiber) which remained on the strainer and
about 135 grams of viscous, flammable liquid which solidified when cooled to ambient

room temperature. Additionally, about 3 to about 5 grams of water were collected.

[0079] In a second experiment, similar results were achieved when biodiesel was
substituted for the used cooking oil. Biodiesel was found to allow more fluff to be added

to the mixture before the mixture became ineffectively viscous.
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[0080] Although the present invention has been described in connection with specific
examples and embodiments, those skilled in the art will recognize that the present
invention is capable of other variations and modifications within its scope. These
examples and embodiments are intended as typical of, rather than in any way limiting on,

the scope of the present invention as presented in the appended claims.
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What is claimed is:

1. A process for using polymeric material to produce fuel comprising the steps of:
a. adding a predetermined quantity of polymeric material to a solvent having a
predetermined cycle starting solvent volume;
b. introducing an energy source into the solvent for a predetermined time at a
predetermined temperature and pressure to form a product;
c. removing the energy source;
d. allowing the product to cool to a predetermined pumpable operative temperature;
e. adding new solvent to the recovered, removed solvent to achieve a predetermined
subsequent cycle solvent starting volume;
f. using the predetermined subsequent cycle starting volume to repeat the process;
and

g. repeating steps a through f for a predetermined number of cycles.

2. The process of claim 1 further including the step of recovering and removing at least
some solvent from the product to which is added the new solvent thereby achieving

the predetermined subsequent cycle solvent starting volume.
3. The process of claim 1 wherein the polymeric material is added incrementally.
4. The process of claim 1 wherein the process is by batch mode.
5. The process of claim 1 wherein the process is by continuous sequential operation.

6. The process of claim 1 wherein the quantity of polymeric material introduced forms

about 10% to about 35% solution by weight.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

The process of claim 1 wherein the quantity of polymeric material introduced forms

about 15% to about 20% solution by weight.
The process of claim 1 wherein the energy source comprises direct heat.

The process of claim 1 wherein the predetermined temperature is between about 180

degrees C. and about 400 degrees C.

The process of claim 1 wherein the predetermined temperature is between about 280

degrees C. and about 330 degrees C.

The process of claim 1 wherein the predetermined temperature is between about 320

degrees C. and about 325 degrees C.

The process of claim 1 wherein the predetermined pressure is atmospheric pressure.
The process of claim 1 wherein the polymeric material comprises waste tire.

The process of claim 1 wherein the solvent comprises biodiesel.

The process of claim 1 wherein the solvent comprises short alkyl chain esters.

The process of claim 1 wherein the solvent comprises fats.

The process of claim 1 wherein the solvent comprises an 1-alkene.

The process of claim 1 further comprising the step of machining the polymeric

material into a predetermined size prior to its addition to the solvent.

The process of claim 1 further comprising the step of agitating the solvent.
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20.

21.

22.

23.

24.

25.

26.

27.

28.

The process of claim 1 further comprising the step of distilling off distillates having a

boiling point up to about 100 degrees C.

The process of claim 1 further comprising the step of removing at least some non-

polymeric material from the product.
The process of claim 21 wherein the at least some non-polymeric material is steel.

The process of claim 1 wherein the at least some solvent is recovered from the
product through distillation.

A process for using polymeric material to produce a fuel source comprising the steps
of:

a. adding a predetermined quantity of polymeric material to a predetermined quantity
of solvent;

b. introducing an energy source into the solvent for a predetermined time at a
predetermined temperature and pressure to form a product;

c. removing the energy source; and

f. allowing the product to cool to a predetermined pumpable operative temperature.
The process of claim 24 wherein the polymeric material is added incrementally.
The process of claim 24 wherein the process is by batch mode.

The process of claim 24 wherein the process is by continuous sequential operation.

The process of claim 24 wherein the quantity of polymeric material introduced forms

about 30% to about 90% solution by weight.
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29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

The process of claim 24 wherein the quantity of polymeric material introduced forms

about 60% solution by weight.

The process of claim 24 wherein the energy source comprises direct heat.

The process of claim 24 wherein the predetermined temperature is between about 180

degrees C. and about 350 degrees C.

The process of claim 24 wherein the predetermined temperature is between about 310

degrees C. and about 330 degrees C.

The process of claim 24 wherein the predetermined temperature is between about 320

degrees C. and about 325 degrees C.

The process of claim 24 wherein the predetermined pressure is atmospheric pressure.

The process of claim 24 wherein the polymeric material comprises waste tire.

The process of claim 24 wherein the solvent comprises biodiesel.

The process of claim 24 wherein the solvent comprises short alkyl chain esters.

The process of claim 24 wherein the solvent comprises fats.

The process of claim 24 wherein the solvent comprises an 1-alkene.

The process of claim 24 further comprising the step of machining the polymeric

material into a predetermined size prior to its addition to the solvent.

The process of claim 24 further comprising the step of agitating the solvent.
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42.

43.

44,

45.

46.

47.

The process of claim 24 further comprising the step of distilling off distillates having

a boiling point up to about 100 degrees C.

The process of claim 24 further comprising the step of removing at least some non-

polymeric material from the product.

The process of claim 43 wherein the at least some non-polymeric material is steel.

The process of claim 24 further comprising the step of refining the product to produce
multiple categories of known fuel.

A process for using tire material to produce fuel comprising the steps of:

a. adding a predetermined quantity of tire material to biodiesel having a
predetermined starting cycle biodiesel volume;

b. adding direct heat and agitation to the biodiesel to achieve a temperature between
about 180 degrees C. and about 350 degrees C. at atmospheric pressure for a
predetermined time to form a product;

c. removing the direct heat;

d. removing tire steel from the product; and

e. allowing the product to cool to a predetermined pumpable operative temperature.

The process of claim 46 wherein the quantity of tire material introduced forms about
10% to about 35% solution by weight and further comprising the steps of recovering
and removing at least some biodiesel from the product and adding it to new biodiesel
to achieve a predetermined subsequent cycle starting biodiesel volume; using the

predetermined subsequent cycle starting biodiesel volume to repeat the process
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48.

49.

50.

51.

52.

53.

54.

55.

thereby completing an additional cycle; such additional cycles to be performed for a

predetermined number of times.
The process of claim 47 wherein the tire material is added incrementally.

The process of claim 46 wherein the amount of tire material introduced forms about

30% to about 90% solution by weight.
The process of claim 49 wherein the tire material is added incrementally.

The process of claim 49 further comprising the step of refining the product to produce
multiple categories of known fuel.

A process for recovering steel from tires comprising the steps of:

a. adding a predetermined quantity of tire to a predetermined volume of a solvent;

b. adding an energy source to the solvent for a predetermined time at a predetermined
temperature and pressure thereby causing the steel to separate from the tire;

c. removing the energy source; and

d. removing the separated steel from the solvent.
The process of claim 52 wherein the solvent comprises biodiesel.

The process of claim 52 wherein the solvent comprises a material selected from the

group consisting of short alkyl chain esters, fats, 1-alkenes, and combinations thereof.

The process of claim 52 wherein the steel is separated from the solvent by a removal
method selected from the group consisting of filtering, siphoning, centrifugation,

magnetic force, physical removal, and combinations thereof.
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56.

57.

58.

59.

A fuel comprising the product formed by

a. adding a predetermined quantity of polymeric material to a solvent of
predetermined volume;

b. introducing an energy source to the solvent for a predetermined time at a
predetermined temperature and pressure;

c. removing the energy source;

d. allowing the product to cool to a predetermined pumpable operative temperature.
The fuel of claim 56 wherein the polymeric material comprises tire material, the
solvent comprises biodiesel, the energy comprises direct heat, the temperature is
between about 180 degrees C. and about 350 degrees C., and the pressure is
atmospheric pressure.

A process for using fluff to produce a fuel comprising the steps of:

a. adding a predetermined quantity of fluff to a solvent having a predetermined cycle
starting solvent volume;

b. introducing an energy source into the solvent for a predetermined time at a
predetermined temperature and pressure to form a product;

c. removing the energy source; and

d. allowing the product to cool to a predetermined temperature thereby producing the

fuel.

The process of claim 58 wherein the energy source comprises direct heat and

agitation.
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60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

The process of claim 59 wherein the predetermined temperature is between about 280
degrees C. and about 330 degrees C. and the predetermined pressure is atmospheric

pressure.

The process of claim 58 wherein the solvent is a solvent selected from the group

consisting of biodiesel and cooking oil.

The process of claim 58 further comprising the step of pre-treating the fluff to
separate from the fluff at least one component selected from the group consisting of

very low density components, very high density components and ferrous metals.

The process of claim 58 further comprising the step of depolymerizing condensation

polymerization products.
The process of claim 58 further comprising the step of scrubbing outcoming gases.

The process of claim 59 wherein the direct heat and agitation are kept constant for

about 60 minutes.
The process of claim 58 further comprising the step of filtering the product.

The process of claim 58 further comprising the step of adding about 0.2 to about 0.7
gram of compound selected from the group consisting of nonylpheno, n-octylamine,

and glycerol to the starting solvent volume.

The process of claim 58 further comprising the step of removing at least some non-

fluff material from the product.

The process of claim 68 wherein the at least some non-fluff material is reusable fiber.
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70.

71.

72.

73.

74.

75.

The process of claim 58 further comprising the step of refining the product to produce
multiple categories of known fuel.

A process for recovering solids from fluff comprising the steps of:

a. adding a predetermined quantity of fluff to a predetermined volume of a solvent;

b. adding an energy source to the solvent for a predetermined time at a predetermined
temperature and pressure thereby causing the solid to separate from the fluff;

c. removing the energy source; and

d. removing the separated solid from the solvent.

The process of claim 71 wherein the solvent comprises a material selected from the

group consisting of biodiesel and cooking oil.

The process of claim 71 wherein the solid is separated from the solvent by a removal
method selected from the group consisting of filtering, siphoning, centrifugation,

magnetic force, physical removal, and combinations thereof.
The process of claim 71 wherein the solid is reusable fiber.

A fuel comprising the product formed by

a. adding a predetermined quantity of fluff to a solvent of predetermined volume;

b. introducing an energy source to the solvent for a predetermined time at a
predetermined temperature and pressure;

c. removing the energy source; and

d. allowing the product to cool to a predetermined temperature.
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76. The fuel of claim 75 wherein the solvent comprises a material selected from the group
consisting of biodiesel and cooking oil, the energy comprises direct heat and
agitation, the temperature is between about 280 degrees C. and about 330 degrees C.,

and the pressure is atmospheric pressure.
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