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METHODS AND SYSTEMS FOR CARPET
RECYCLING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation patent application
of U.S. Ser. No. 14/098,205 filed on Dec. 5, 2013 which
claims priority to U.S. Provisional Application Ser. No.
61/846,826, filed Jul. 16, 2013. In addition, this application
claims priority to PCT Patent Application Serial Number
PCT/US2014/046793, filed Jul. 16, 2014. The foregoing
applications are hereby incorporated by reference in their
entirety.

TECHNICAL FIELD OF THE INVENTION

[0002] The present invention relates in general to the field
of carpet recycling, and more particularly, to improved meth-
ods and systems for the comprehensive recycling of carpet
components.

STATEMENT OF FEDERALLY FUNDED

RESEARCH
[0003] None.
BACKGROUND OF THE INVENTION
[0004] Withoutlimiting the scope ofthe invention, its back-

ground is described in connection with carpet recycling.
[0005] The problem of carpet recycling, as landfills reach
capacity, is reaching a critical stage. One critical problem in
the recycling arts today is the problem of waste during recy-
cling processes using basic carpets. The problem becomes
exacerbated as newer synthetic polymers and previously
recycled materials are used to produce carpet. One unsolved
problem in the recycling arts is the challenge that the carpet
components are designed to be strongly commingled
mechanically and chemically. Due to the strong chemical and
mechanical bonding or attachment of the carpet components
useful raw materials that are substantially contaminant-free,
ash-free and in a substantially unaltered form following recy-
cling has not been attained.

[0006] One method for carpet recycling is taught in U.S.
Pat. No. 7,820,728, issued to Wright, et al., which is directed
to methods and systems for recycling carpet and carpets
manufactured from recycled material. Relevant to the
improvements of the present invention are the methods for
recycling carpet can recover one or more polymeric carpet
components. Specifically, this patent teaches the dissolution
of the backing of the polymeric carpet components using
certain terpene solvents. However, despite the knowledge of
this methodology as of the earliest filing date of this patent in
2006, substantially waste-free carpet recycling is not cur-
rently or widely available.

[0007] Another such invention is taught in U.S. Pat. No.
5,169,870, issued to Corbin, et al., for reclaiming e-caprolac-
tam from nylon 6 carpet. The process taught by this patent
includes the continuous recovery of e-caprolactam from a
carpet made from nylon 6 and a backing that is inserted into
a mechanical separator that prepares scrap-containing nylon
6 and waste. The scrap from the separator is fed to a depoly-
merizing reactor where the scrap is subjected to a depolymer-
ization catalyst, temperatures of at least the melting point of
nylon 6 and superheated steam to produce an e-caprolactam
containing distillate and more waste. The e-caprolactam in
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the distillate is said to separate the polymeric components
from other volatile agents and is then purified.

[0008] Mechanical carpet disruption methods have been
taught by a number of patents, including: U.S. Pat. No. 6,610,
769, which discloses a method of employing an adhesive that
can be completely removed by applying shear in the presence
of an aqueous alkaline solution; U.S. Pat. No. 5,240,530,
which discloses a method of grinding carpet to a fiber length
of less than about one-quarter inch and washing in a water
bath to allow the various materials of the carpet to be sepa-
rated by density; U.S. Pat. No. 5,230,473, which discloses a
method for disintegrating, separating, and segregating whole
carpet by loosening and debonding the latex/filler binder
system by repeated application of highly pressurized fluids
such as air, water, heated air, steam, and chemical solutions,
and repeated stripping with rotating elements; and U.S. Pat.
No. 5,722,603, which discloses a method of recovering face
fiber from a carpet employing numerous steps of shredding
and impact forces that reduce particle size, separating and
washing the particles with screens, followed by separation of
the components in water in a hydrocyclone, with the option of
using additives that are disrupted by sodium hydroxide and
nonionic surfactants.

[0009] Despite these various methods and systems for recy-
cling carpet, a need remains for the development of environ-
mentally friendly systems and methods that lead to recycling
the majority of the carpet components, with significantly
reduced waste, using sustainable compositions and methods,
and that yield high quality, clean carpet components that can
be completely recycled.

SUMMARY OF THE INVENTION

[0010] The present inventors have found a novel methods,
systems and improvements that make substantially contami-
nant-free, ash-free and in a substantially unaltered form car-
pet subcomponents following recycling attainable. In fact, it
has been found that the recycled components using the meth-
ods and systems of the present invention provide a substantial
advantage over the known methods, including, providing
components that are almost completely recycled, in a sub-
stantially unaltered form, and using environmentally friendly
components. It was found that all or substantially all the
subcomponents of the carpet can be reused as a result of the
methods and systems of the present invention without addi-
tional processing or cleaning. It was further found that the
novel methods, systems and improvements of the present
invention provide, for the first time, a solution to the problem
that carpet components are designed to be strongly com-
mingled mechanically and chemically, including newer car-
pet materials and structural designs that have made carpet
recycling even more difficult.

[0011] In one embodiment, the present invention includes
an improved system for recycling one or more polymers from
a carpet that has been contacted with a solvent to dissolve an
adhesive carpet backing under conditions that dissolve the
adhesive carpet backing to provide a reclaimed polymer com-
position, the improvement comprising: a mechanical disrup-
tor that both pulls and separates the polymers from the adhe-
sive carpet backing concurrently in at least two different
vectors for a time sufficient to separate the one or more
polymers from the adhesive carpet backing following the step
of dissolving the carpet backing with the solvent, contacting
the portions of carpet, wherein the improvement provides for
the complete separation of two or more polymer components,
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and the carpet adhesive, and the two or more polymers from
the carpet are produced without substantially sheering the
two or more polymers. In one aspect, greater than 70, 75, 80,
85, 90, 95, 96, 97, 98, or 99% of the carpet components are
recycled. In another aspect, substantially all the carpet com-
ponents are recycled. In another aspect, the solvent is selected
from at least one of a terpene solvent, a D-limonene, a pinene,
an a.-pinene or water. In another aspect, the mechanical dis-
ruptor comprises two or more mixing heads, blades, beaters,
wisks, paddles, jets, screws, or rollers that provide the
mechanical disruption in the at least two different vectors. In
another aspect, the mechanical disruptor is contacted with the
carpet components following partial or substantial dissolu-
tion of the adhesive carpet backing for a time sufficient to
separate two or more different polymers from the carpet with-
out substantially sheering the two or more polymers. In
another aspect, the mechanical disruptor is contacted with the
carpet components following partial or substantial dissolu-
tion of the adhesive carpet backing for 1to 30, 2 to 25, 3 to 20,
4t015,5t015,4,5,6,7,8,9,10,11,12,13, 14, or 15 minutes
without substantially sheering the two or more polymers. In
another aspect, the one or more polymers are selected from at
least one of a HDPE, LDPE, LLDPE, ULDPE, VLDPE,
VLLDPE, copolymers of ethylene and c.-olefins, polypropy-
lene, copolymers of propylene and c-olefins, copolymers of
propylene and ethylene, EVA, and EMA. In another aspect,
following the separation of the one or more polymers, the
polymers are 70, 75, 80, 85, 90, 95, 96, 97, 98, or 99%
ash-free. In another aspect, following the separation of the
one or more polymers, the polymers are substantially ash-
free. In another aspect, the mechanical disruptor comprises
two or more mixing heads, blades, beaters, wisks, paddles,
jets, screws, or rollers that provide the mechanical disruption
in the at least two different vectors. In another aspect, the
system further comprises one or more shredders capable of
cutting the carpet into portions of a size that provides com-
plete contact between the carpet and the solvent. In another
aspect, the solvent further comprises an acid that improves the
dissolution of the carpet adhesive.

[0012] Another embodiment of the present invention
includes an improved method of recycling one or more poly-
mers from a carpet that has been contacted with a solvent to
dissolve an adhesive carpet backing under conditions that
dissolve the adhesive carpet backing to provide a reclaimed
polymer composition, the improvement comprising: prior to
step of contacting the carpet with the solvent cutting the
carpet into portions that provide complete contact between
the carpet and the solvent; and following the step of dissolv-
ing the carpet backing with the solvent, contacting the por-
tions of carpet with a mechanical disruptor that both pulls and
separates the polymers from the adhesive carpet backing con-
currently in at least two different vectors for a time sufficient
to separate the one or more polymers from the adhesive carpet
backing. In one aspect, greater than 70, 75, 80, 85, 90, 95, 96,
97, 98, or 99% of the carpet components are recycled. In
another aspect, substantially all the carpet components are
recycled. In another aspect, the solvent is selected from at
least one of a terpene solvent, a D-limonene, a pinene, an
a-pinene or water. In another aspect, the mechanical disrup-
tor comprises two or more mixing heads, blades, beaters,
wisks, paddles, jets, screws, or rollers that provide the
mechanical disruption in the at least two different vectors. In
another aspect, the mechanical disruptor is contacted with the
carpet components following partial or substantial dissolu-
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tion of the adhesive carpet backing for a time sufficient to
separate two or more different polymers from the carpet with-
out substantially sheering the two or more polymers. In
another aspect, the mechanical disruptor is contacted with the
carpet components following partial or substantial dissolu-
tion of the adhesive carpet backing for 1to 30, 2 to 25, 3 t0 20,
4t015,51t015,4,5,6,7,8,9,10,11,12, 13, 14, or 15 minutes
without substantially sheering the two or more polymers. In
another aspect, the one or more polymers are selected from at
least one of a HDPE, LDPE, LLDPE, ULDPE, VLDPE,
VLLDPE, copolymers of ethylene and c.-olefins, polypropy-
lene, copolymers of propylene and c-olefins, copolymers of
propylene and ethylene, EVA, and EMA. In another aspect,
following the separation of the one or more polymers, the
polymers are 70, 75, 80, 85, 90, 95, 96, 97, 98, or 99%
ash-free. In another aspect, following the separation of the
one or more polymers, the polymers are substantially ash-
free.

[0013] Yet another embodiment of the present invention
includes an improved method of recycling one or more poly-
mers from a carpet that has been contacted with a terpene
solvent to dissolve an adhesive carpet backing under condi-
tions that dissolve the adhesive carpet backing to provide a
reclaimed polymer composition, the improvement compris-
ing: prior to step of contacting the carpet with the terpene
solvent cutting the carpet into portions that provide complete
contact between the carpet and the solvent; and following the
step of dissolving the carpet backing with the terpene solvent,
contacting the portions of carpet with a mechanical disruptor
that both pulls and separates the polymers from the adhesive
carpet backing concurrently in at least two different vectors
for atime sufficient to separate the one or more polymers from
the adhesive carpet backing. In one aspect, greater than 70,
75,80, 85,90, 95, 96,97, 98, or 99% of the carpet components
are recycled. In another aspect, substantially all the carpet
components are recycled. In another aspect, the terpene sol-
vent is selected from at least one of D-limonene, a pinene, or
a-pinene. In another aspect, the mechanical disruptor com-
prises two or more mixing heads, blades, beaters, wisks,
paddles, jets, screws, or rollers that provide the mechanical
disruption in the at least two different vectors. In another
aspect, the mechanical disruptor is contacted with the carpet
components following partial or substantial dissolution of the
adhesive carpet backing for a time sufficient to separate two
or more different polymers from the carpet without substan-
tially sheering the two or more polymers. In another aspect,
the mechanical disruptor is contacted with the carpet compo-
nents following partial or substantial dissolution of the adhe-
sive carpet backing for 1 t0 30, 210 25,3 t0 20,410 15, 5to0 15,
4,5,6,7,8,9, 10, 11, 12, 13, 14, or 15 minutes without
substantially sheering the two or more polymers. In another
aspect, following the separation of the one or more polymers,
the polymers are 70, 75, 80, 85, 90, 95, 96, 97, 98, or 99%
ash-free. In another aspect, following the separation of the
one or more polymers, the polymers are substantially ash-
free.

[0014] Yet another embodiment of the present invention
includes a method of recycling one or more polymers from a
carpet comprising: cutting the carpet into portions that pro-
vide complete contact between the carpet and the solvent;
dissolving the carpet backing with the solvent; contacting the
portions of carpet with a mechanical disruptor that both pulls
and separates the polymers from the adhesive carpet backing
concurrently in at least two different vectors for a time suffi-
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cient to separate the one or more polymers from the adhesive
carpet backing; and separating any remaining adhesive away
from the one or more polymers by at least one of crushing or
squeezing, wherein greater than 95, 96, 97, 98, or 99% of the
carpet components are recycled.

[0015] Yet another embodiment of the present invention
includes a system for recycling one or more polymers from a
carpet comprising: one or more shredders capable of cutting
the carpet into portions of a size that provides complete con-
tact between the carpet and a solvent; a vat or container
comprising a solvent capable of dissolving an adhesive back-
ing of the carpet away from two or more carpet polymers that
are to be recycled; a mechanical disruptor that both pulls and
separates the polymers from an adhesive carpet backing con-
currently in at least two different vectors for a time sufficient
to separate the one or more polymers from the adhesive carpet
backing following the step of dissolving the carpet backing
with the solvent; and one or more rollers to crush any adhesive
particles remaining one the carpet fibers, wherein the system
achieves complete separation of two or more polymer com-
ponents, and the carpet adhesive, and the two or more poly-
mers from the carpet are produced without substantially
sheering the two or more polymers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] For a more complete understanding of the features
and advantages of the present invention, reference is now
made to the detailed description of the invention along with
the accompanying figures and in which:

[0017] FIG.1 is a diagram that outlines the overall process
of the present invention;

[0018] FIG. 2 shows a detailed view of a processing step of
the present invention;

[0019] FIG. 3 shows a detailed view of another processing
step of the present invention;

[0020] FIG. 4 shows a detailed view of another processing
step of the present invention;

[0021] FIG. 5 shows a detailed view of a processing step of
the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0022] While the making and using of various embodi-
ments of the present invention are discussed in detail below, it
should be appreciated that the present invention provides
many applicable inventive concepts that can be embodied in a
wide variety of specific contexts. The specific embodiments
discussed herein are merely illustrative of specific ways to
make and use the invention and do not delimit the scope of the
invention.

[0023] To facilitate the understanding of this invention, a
number of terms are defined below. Terms defined herein have
meanings as commonly understood by a person of ordinary
skill in the areas relevant to the present invention. Terms such
as “a”, “an” and “the” are not intended to refer to only a
singular entity, but include the general class of which a spe-
cific example may be used for illustration. The terminology
herein is used to describe specific embodiments of the inven-
tion, but their usage does not delimit the invention, except as
outlined in the claims.

[0024] The problem of carpet recycling continues to grow
as landfills reach capacity and the need increases for reduced
costs. One critical problem in the recycling arts today is the
problem of waste that results from recycling processes that
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only recovery 30, 40, 50, 60, or even 70% of the carpets’
components. The problem becomes exacerbated as newer
synthetic polymers and previously recycled materials are
used to produce carpet from these materials. Furthermore, it
is also necessary to recycle the adhesives used to provide
rigidity to the carpet. Another unsolved problem in the recy-
cling arts is the challenge that the carpet components are
designed to be strongly commingled mechanically and/or
chemically. That is, by design, carpet components are not
intended to be easy to separate. Due to the strong chemical
and mechanical bonding or attachment of the carpet compo-
nents the isolation of useful raw materials for recycling that
are substantially contaminant-free, ash-free and in a substan-
tially unaltered form following recycling has not been
attained.

[0025] The present invention provides critical and long
needed improvements to previously developed methods that,
despite their promise, are not in use today. In other words,
while one or more subprocesses that can be used with the
present invention have been available and under development
for half a dozen years or more, the promise of the methodol-
ogy has failed to reach its potential due to the lack of one or
more critical improvements that make a complete, improved
process possible. That is, despite the availability of these
methods a viable process is not producing, to date, the recy-
cling of substantially all the raw components of a carpet in a
sound, commercially viable manner.

[0026] The present invention provides, for the first time, the
improvements necessary to recycle the majority of the carpet
components, including 70, 75, 80, 90, 95, 96, 97, 98, 99, or
almost 100% of the fibers from a carpet. These recycled fibers
are also produced in a manner that provides a final product
that is substantially ash-free and that is clean enough to be
used directly in a new carpet. The process of the present
invention also provides recycling of the majority of the adhe-
sive, including 70, 75, 80, 90, 95, 96, 97, 98, 99, or almost
100% of the adhesive. Furthermore, the processes of the
present invention can use as solvents during certain process
steps components solvents that are from renewable sources,
biocompatible, and/or recyclable. The components can be
used multiple times and can be regenerated multiple times in
a continuous or batch process to yield and separate all the
components of a carpetin need of recycling. Furthermore, the
improvement provided herein eliminates the need for hauling
carpetinneed of recycling vast distances as the process can be
made in small processing locations or can be scaled-up to
generate clean recycled carpet, raw materials that can then be
shipped at a greatly reduced cost as unwanted materials (e.g.,
dirt, backing and adhesive) have been removed prior to ship-
ping.

[0027] The following is one example of carpet recycling
that can be used with the present invention and that incorpo-
rates the improvements herein. The present invention
includes a processing plant and process for harvesting fiber
from carpet that generally begins with sorting of the carpet by
type, e.g., carpets that include nylon, polypropylene, polyes-
ter (e.g., “PET” (polyethylene terephthalate) or “PTT” (poly-
trimethylene terephthalate)), acrylic, wool and wool blends.
Next, once the carpet already sorted into its category, the
carpet can be loaded on a conveyor to be shredded into, e.g.,
5,4,3,2,1.5,1,0.5 inch or smaller pieces. Once the carpet is
fragmented, it may be advantageous to separate loose fibers,
e.g., pet hair, with a vacuum prior to proceeding to the next
step. From the shredder the carpet fragments travel by con-
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veyor to avat to be combined with a solution that dissolves the
adhesive, e.g., heated water, a terpene solvent (e.g., d-li-
monene or (Orange oil), d-limonene mix, or other terpene
solvents), and/or a biocompatible acid, such as acetic acid. It
has been found that when using the heated water method, the
heated water temperature should be between 120° F. to 140°
F., with certain improved results obtained at 130° F., plus or
minus, 1, 2, 3, 4, 5, or 10 degrees. When using a biocompat-
ible terpene solvent, the temperature can be between 120° F.
to 140° F., however, at a lower temperature the terpene sol-
vents (d-limonene or Orange oil combined with d-limonene).
A certain advantage has been found by the present inventors
when combining the terpene solvent with one or more bio-
compatible acids, e.g., acetic acid that permits the use of a
lower concentration of the terpene solvent. While a high
temperature can be used, the terpene solvent can begin to
evaporate, which can be mitigated by placing the solvent-
carpet mix into a pressurized vessel, or can be mixed with acid
to reduce the need to increase the temperature, which causes
evaporation of the solvent. The use of acid with the water or
terpene solvent method provides another unique advantage of
the present invention.

[0028] Next, the carpet fragment and solvent solution are
mixed, e.g., at slow speed for 15 to 20 minutes, or more, with
clockwise and counter-clockwise rotation. Generally, the car-
pet fragment and solvent solution will be combined in a
manner that completely saturates the carpet fragments and
provides maximum exposure of the carpet adhesive, adhe-
sives attached to the carpet, contaminants in the carpet (e.g.,
and dirt in the carpet fragments) to the solvent solution. In one
embodiment of the present invention, both the water solvent
and terpene solvent processes are used in series, which is used
first can depend on the nature of the carpet fragments, e.g., if
the carpet fragments are known to contain organic or hydro-
phobic dirt or contamination (e.g., motor oil), it may be
advantageous to use the terpene solvent method before the
water process. Likewise, if the carpet contains hydrophilic
contamination, e.g., pet urine, then the water solvent process
can be used first.

[0029] After the carpet fragments have been exposed to the
water, acid, and/or terpene solvent solution, the solution is
drained from the vat, and can pass through a filtration system
to remove solid contaminants, e.g., pet hair, loose fibers,
paint, of other contaminants from the adhesive dissolving
solution, which can be transported to a holding tank for re-
use. The carpet fragments can then proceed one or more
optional rinse cycles, that can include one or more rinses with
warm water. The water used for the rinse can then be placed in
a holding tank for addition to the solvent solution, thus recy-
cling that portion of the solutions used in the overall process.
One or more additional rinse cycles that use, e.g., warm water,
can be used prior to the separation step. Often, the rinse can
last from just a rinse to a residence time of 5, 10, 15, 20, 25,
30, or more minutes at which time, a rinse solution (e.g.,
water) is drained through a filtration system and reused for
rinsing or used in an upstream process.

[0030] The next step provides one of the unexpected and
important improvements of the present invention. While the
water and terpene solvent processes have been used in the art,
one of the critical steps that has defied solution has been the
separation of the components of basic carpet, the adhesive
backing and the one or more polymer fibers (e.g., blender turn
on to higher speed to break up carpet fibers). Often carpet
includes two or three components, an adhesive backing, an
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optional mat of fibers that help trap or mechanically restrain
the carpet fibers (which is the portion of the carpet that is
visible to the carpet owner), and the carpet fibers themselves,
which are embedded in the optional mat and/or the adhesive
by a variety of methods. The present inventors have found that
the separation step has to address the nature of the mechanical
connection between the carpet fibers, the adhesive and/or the
optional mat of fibers or polymers. A critical improvement
and complete carpet fiber was obtained by using at two dif-
ferent vectors of mechanical separation. The skilled artisan
will recognize that a “vector” provides both a direction and a
magnitude. As used in the context of the present invention, the
term vector refers to a mechanical force that has both a direc-
tion and a magnitude, such as that created by, e.g., mechanical
blender blades that not only “tug” at the fibers in one or more
directions, but that also have a pull strength or magnitude that
draws the individual fibers (be it a carpet fiber or the polymers
in the mat) away from each other in two or more different
directions at the same time. The amount of mechanical
strength and the total time during which the carpet fragments
are separated is one of the important improvements provided
by the present invention. The present inventors have found
that both have to be limited so that the carpet fibers and the
polymer strands of fibers that comprise the mat are not shred-
ded during the process. However, the time and strength must
be such that the carpet fibers and the mats are separated from
each other and the adhesive. It has been found that two or
more blender blades operating in unison operating at a range
from 1 to 1850 rpms provide sufficient mechanical pull in two
or more vectors to separate the carpet components to achieve
from 70, 75, 80, 90, 95, 96, 97, 98, 99, or almost 100 percent
separation in just 3,4, 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, 20
or 25 minutes without damaging the carpet components. In
certain embodiments, the two vectors of mechanical disrup-
tion can be performed or caused by, e.g., mixing or blender
blades, heads, beaters, wisks, paddles, jets, screws, or rollers.
In certain specific, but not limiting examples, the blender
blades can have a speed from 1-208 rpms, 2-224 rpms, 3-244
rpms, 4-265 rpms, and 5-287 rpms, 10-300 rpms, 25-400
rpms, 50-500 rpms, 75-750 rpms, 100-1,000 rpms, 150-1,500
rpms, and 200-1850 rpms. For testing and comparison pur-
poses, the two or more mechanical vectors for disrupting the
fibers can be measured at 1-208 rpms, 2-224 rpms, 3-244
rpms, 4-265 rpms, and 5-287 rpms, 10-300 rpms, using a hand
blender, e.g., Rival Hand Mixer Model#HM-743, which can
provide separation of 70, 75, 80, 90, 95, 96, 97, 98, 99, or
almost 100 percent separationinjust3,4,5,6,7,8,9,10, 11,
12,13, 14, 15 minutes. While the size of the mixing or blender
blades, heads, beaters, wisks, paddles, jets, screws, or rollers
for providing the mechanical separation can be varied from,
3-4 inches, 4-6 inches, 6-12 inches, or measured in feet (1, 2,
3,4,5,6,7,8,9, 10 or more), the skilled artisan will be able
to select the proper mechanical separation as outlined here-
inabove. Briefly, the skilled artisan will generally select that
size and speed that are optimal for mechanical separation that
effectively separates the fibers while minimizing any damage
to the fibers. As is apparent from this description, the method
can be adapted for batch and/or continuous separation so long
as the two vector mechanical disruption causes effective sepa-
ration of the fibers while minimizing any damage to the fibers.

[0031] Following separation of the carpet components, the
separated fibers can travel from the separation tank, via con-
veyor, into a hot air drying system, e.g., a rotating drying
system that can optionally include a vacuum that helps sepa-
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rate lighter fibers (e.g., polypropylene fibers that are used to
make the mat), from the heavier carpet fibers.

[0032] Upon exiting dryer, fibers fall into the mouth hopper
leading into a press, e.g., a roller press, or even a hydraulic
roller press. By pressing the fibers, the present invention
eliminates any adhesive that did not dissolve or separate from
the mat and/or fibers during the mechanical disruption step.
Crushing the adhesive has been found to be an effective way
to remove any adhesive caked or still attached to the one or
more polymer fibers and provides another improvement of
the present invention. Furthermore, the press also continues
the breakdown of carpet fibers by physically breaking solid
bonds. Exiting press fibers can then enter a vacuum system:
that can separate any remaining particles of adhesive, the
polypropylene or other polymer fibers that form part of the
mat, and the generally longer and heavier carpet fibers (e.g.,
nylon fibers). Generally, the first vacuum system will draw the
lighter polypropylene backing or mat fibers from the heavier
carpet fibers. The carpet fibers can then be gathered (e.g.,
bailed) or continue on to a 2nd vacuum system that then draws
the carpet fibers into a final destination for shipping, e.g., a
sealed trailer, a baler or other method of compressing the
fibers without much damage.

[0033] In one specific method, the adhesive can be sepa-
rated by a high temperature, boiling, or substantially boiling,
water method. Carpet comes into production area in bales.
Carpet is then un-baled put on conveyor, which leads to a
shedder, where the carpet is cut into pieces. Carpet pieces are
then sent via a conveyor to a vat, which is mixed with water.
The water is brought to a temperature at or about a boiling
temperature and stirred with a multi-blade blender at low
revolutions per minute (RPM) for up to 1 hour. Then the
blender RPM is increased to create separation, run for 2-5
minutes. This separates nylon, polypropylene and calcium.
The remaining water is sent through a filtration system to be
reused. This process may be repeated multiple times, e.g., 1,
2, 3, 4, or more times. When rinse is complete, the carpet
fibers run threw a drying system. After drying, the fibers are
sent to a hydraulic pressure roller system. This system will
cause the remaining calcium and latex to break away from the
nylon and polypropylene. Then the product is sent through the
first vacuum system that will separate the nylon from the
calcium, latex and polypropylene.

[0034] The remainder of the product will be sent through a
second drying system, which separates the polypropylene
from the latex and calcium. Once the process is complete, the
carpet fiber (e.g., nylon), mesh backer (e.g., polypropylene),
and the adhesive (e.g., latex and calcium) are all ready to be
reused.

[0035] Other parameters that can be important for proper
separation of the carpet components include, e.g., on-going
solution measurements (e.g., to maintain the percentage of
terpene solvent and/or acid balance, temperature and concen-
tration of adhesive), tank (vat) variances, carpet type (Nylon
6, Nylon 66, PET, etc.), rotating hot air and measuring drying
temperature, and/or the use of one or more tanks (e.g., 3 tanks,
each with sufficient volume for each rinsing step). Mixing
will generally be slow in the solvent solution (d-limonene or
Orange oil, water, and/or acid) as the solvent is heated.
Another parameter is to make sure the carpet is fully soaked
in the solvent solution. Finally, before the solvent is recycled
a screen can be used to separate any loose fibers of other
components of the carpet before sending the solvent back to
a holding tank). Another parameter that has been found to be
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important for proper separation is to adjust the mixer settings
to a speed that will separate carpet fibers apart from the
adhesive. (During any subsequent separation step, which
include a second exposure to the solvent and/or rinsing steps,
the mixer speed can be reduced, with allows hardened adhe-
sive to further break down without harming the carpet fibers.
Finally, hardened adhesive can also be separated from the
carpet fibers and/or mesh backing materials by compressing
the carpet components between two or more rollers that break
the adhesive crystals or hardened adhesive into a powder,
which can then be recaptured using, e.g., a vacuum system or
even gravity.

[0036] The final improvement of the present invention is
the ability to recycle the adhesive backing (commonly a com-
bination of latex and calcium) by separating it from the water
or solvent solution by skimming, filtration, screening, evapo-
ration of the water or solvent, etc., for use as, e.g., a concrete
orasphalt additive. Generally, reusing and/or regenerating the
solvent are preferred. Certain mechanical and chemical fea-
tures of the latex and calcium backing are favorable for use as
a concrete, grout, or cement additive, with or without the
inclusion of some of the polypropylene or other fibers. Thus,
the present invention provides improvements to current pro-
cesses that permit for the almost complete recycling of every
portion of the carpet.

[0037] In addition to the above, some additional features
can be varied in the improvements of the present invention,
including, for newer carpet pieces (e.g., less than a year old)
the solvent solution percentage may have to be increased to
30% to 35% d-limonene or Orange oil d-limonene to water.
Therecycling of newer carpet can also benefit from heating to
120° F. to 140° F. best temperature is 130° F. For heavily used
or older carpet pieces the percentage of terpene solvent, the
temperature of the water, and/or the addition of acid, can be
increased to e.g., 20% to 30% d-limonene or orange oil,
which are then heated to processing temperature, which will
often be at the higher end of the temperature range. While
higher concentrations of the solvent solution, e.g., 20, 30, 40,
50, 60, 75, 80, 85, 90 or up to 100% volume-to-volume of the
solution, however, higher concentrations are often avoided to
reduce cost, however, in certain embodiments the present
invention includes those higher percentages, which will
reduce the processing time required and often the amount of
mechanical disruption (strength and/or time). Finally, the
water and/or solvent solution can include 10% to 20% volume
to volume or a solution of acetic acid (e.g., 5%, 10%, 15%,
20%, 25,%, or glacial acetic acid), which can be added to the
terpene solvent solution (d-limonene and orange oil/d-li-
monene) to reduce cost and/or processing time.

[0038] FIG. 1is a diagram that outlines the comprehensive
carpet recycling process 10 of the present invention. The
carpet to be recycled enters shredder 12, and the shredded
carpet is then placed on conveyor 14. An optional shredded
carpet holding tank 16, is shown downstream from conveyor
14 and before diverting shredded carpet into one or more
conveyors 18a, 185 and 18c¢. The next step in the process
involves placing the shredded carpet into one or more solvent
or dissolution vats 20a, 205, and/or 20c. Following the req-
uisite amount of time in the solvent, the carpet components to
be recycled can be transferred to new vats for the cleaning
and/or mechanical disruption steps (not depicted), or the
downstream processing steps can occur in the same vats 20a,
204 and/or 20c. In the process depicted in FIG. 1, the same
vats are used for dissolving the adhesive, and the subsequent
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washing steps by connecting the vats 20a, 205 and/or 20c¢ to,
e.g., a solvent tank 22, a first rinse tank 24 and a second rinse
tank 26, which are shown connected to a pump 28. After
processing, the separated fibers are taken via one or more
conveyors 30 to a dryer 32, which can be a hot and/or rotating
dryer with or without a vacuum. Following the dryer 32, a
conveyor 34 takes the dried carpet components to a roller 36,
which is depicted connected to a first vacuum 38, which is
alternatively (as shown) connected to a second vacuum 40.
The second vacuum 40, in this configuration, captures the
longer and/or heavier carpet fibers, which are then transferred
via conveyor 42 to a system that compresses the fibers without
causing extensive damage, e.g., bailing station 44.

[0039] FIG. 2 shows a detailed view of a processing step of
the present invention in vat 20, with additional detail, in
which conveyors 30 are depicted at or below the bottom of the
vat 20.

[0040] FIG. 3 shows a detailed view of another processing
step of the present invention that involves the dryer 32, which
is connected to the conveyor 30, in this case depicted as a
rotating, heated drum.

[0041] FIG. 4 shows a detailed view of another processing
step of the present invention, in this case the roller or press 36,
which is shown as a top view and as internal side view of the
roller mechanisms 46a and 465.

[0042] FIG.5 shows a detailed view of a processing step of
the present invention that includes the mechanical disruption
system 50. The mechanical disruption system 50 is depicted
having a pair of blender blades 52a, 525, which rotate to
produce the mechanical disruption in two or more vectors of
the present invention. Often, the blades will be counter-rotat-
ing and the present invention can operate with 1, 2,3, 4, 5, 6,
7,8,9,10, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 75, 80, 90,
100, 150, 200, 250, 300, 400, 500, 600, 700, 750, 800, 900,
1,000 or more pairs of mechanical disruptors, e.g., mixing
heads, blades, beaters, wisks, paddles, jets, screws, or rollers.
In this embodiment, the shafts of the blender blades 52a, 525,
are connected to gear boxes 54a, 54b, which is connected to
a motor 56.

[0043] Itiscontemplated that any embodiment discussed in
this specification can be implemented with respect to any
method, kit, reagent, or composition of the invention, and
vice versa. Furthermore, compositions of the invention can be
used to achieve methods of the invention.

[0044] It will be understood that particular embodiments
described herein are shown by way of illustration and not as
limitations of the invention. The principal features of this
invention can be employed in various embodiments without
departing from the scope ofthe invention. Those skilled in the
art will recognize, or be able to ascertain using no more than
routine experimentation, numerous equivalents to the specific
procedures described herein. Such equivalents are considered
to be within the scope of this invention and are covered by the
claims.

[0045] All publications and patent applications mentioned
in the specification are indicative of the level of skill of those
skilled in the art to which this invention pertains. All publi-
cations and patent applications are herein incorporated by
reference to the same extent as if each individual publication
or patent application was specifically and individually indi-
cated to be incorporated by reference.

[0046] The use of the word “a” or “an” when used in con-
junction with the term “comprising” in the claims and/or the
specification may mean “one,” but it is also consistent with
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the meaning of “one or more,” “at least one,” and “one or more
than one.” The use of the term “or” in the claims is used to
mean “and/or” unless explicitly indicated to refer to alterna-
tives only or the alternatives are mutually exclusive, although
the disclosure supports a definition that refers to only alter-
natives and “and/or.” Throughout this application, the term
“about” is used to indicate that a value includes the inherent
variation of error for the device, the method being employed
to determine the value, or the variation that exists among the
study subjects.

[0047] As usedinthis specification and claim(s), the words
“comprising” (and any form of comprising, such as “com-
prise” and “comprises”), “having” (and any form of having,
such as “have” and “has”), “including” (and any form of
including, such as “includes” and “include”) or “containing”
(and any form of containing, such as “contains” and “con-
tain”) are inclusive or open-ended and do not exclude addi-
tional, unrecited elements or method steps. In certain embodi-
ments, the present invention may also include methods and
compositions in which the transition phrase “consisting
essentially of” or “consisting of”” may also be used, and which
refer to the use of the active components or solutions of the
present invention with no additional active agent(s).

[0048] The term “or combinations thereof” as used herein
refers to all permutations and combinations of the listed items
preceding the term. For example, “A, B, C, or combinations
thereof™ is intended to include at least one of: A, B, C, AB,
AC, BC, or ABC, and if order is important in a particular
context, also BA, CA, CB, CBA, BCA, ACB, BAC, or CAB.
Continuing with this example, expressly included are combi-
nations that contain repeats of one or more item or term, such
as BB, AAA, AB, BBC, AAABCCCC, CBBAAA,
CABABB, and so forth. The skilled artisan will understand
that typically there is no limit on the number of items or terms
in any combination, unless otherwise apparent from the con-

text.
[0049] As used herein, words of approximation such as,
without limitation, “about”, “substantial” or “substantially”
refers to a condition that when so modified is understood to
not necessarily be absolute or perfect but would be considered
close enough to those of ordinary skill in the art to warrant
designating the condition as being present. The extent to
which the description may vary will depend on how great a
change can be instituted and still have one of ordinary skilled
in the art recognize the modified feature as still having the
required characteristics and capabilities of the unmodified
feature. In general, but subject to the preceding discussion, a
numerical value herein that is modified by a word of approxi-
mation such as “about” may vary from the stated value by at
least plus-or-minus 1, 2,3, 4, 5, 6,7, 10, 12 or 15%.

[0050] All of the compositions and/or methods disclosed
and claimed herein can be made and executed without undue
experimentation in light of the present disclosure. While the
compositions and methods of this invention have been
described in terms of preferred embodiments, it will be appar-
ent to those of'skill in the art that variations may be applied to
the compositions and/or methods and in the steps or in the
sequence of steps of the method described herein without
departing from the concept, spirit and scope of the invention.
All such similar substitutes and modifications apparent to
those skilled in the art are deemed to be within the spirit,
scope and concept of the invention as defined by the appended
claims.
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What is claimed is:

1. An improved method of recycling one or more polymers
from a flooring material that has been contacted with a solvent
to provide a reclaimed polymer, the improvement compris-
ing:

cutting the flooring material into portions to provide con-

tact between the flooring material and the solvent; and

contacting the portions of flooring material with a

mechanical disruptor that both pulls and separates the
one or polymers concurrently in at least two different
directions for a time sufficient to separate the one or
more polymers, wherein the polymers are removed from
an adhesive backing of the flooring material.

2. The method of claim 1, wherein greater than 70, 75, 80,
85, 90, 95, 96, 97, 98, or 99% of the carpet components are
recycled.

3. The method of claim 1, wherein the mechanical disrup-
tor is defined further as comprising two or more mixing
heads, blades, beaters, wisks, paddles, jets, screws, or rollers
that provide the mechanical disruption in the at least two
different directions.

4. The method of claim 1, wherein the solvent is selected
from at least one of a terpene solvent, a D-limonene, a pinene,
an a-pinene or water.

5. The method of claim 1, wherein the wherein the solvent
is a soy based solvent.

6. The method of claim 1, wherein the mechanical disrup-
tor is contacted with the portions of the flooring material for
atime sufficient to separate the one or more polymers without
substantially sheering the one or more polymers.

7. The method of claim 1, wherein the mechanical disrup-
tor is contacted with the carpet components for 1 to 30, 2 to
25,31020,4t015,51t015,4,5,6,7,8,9,10,11, 12,13, 14,
or 15 minutes without substantially sheering the two or more
polymers.

8. The method of claim 1, wherein the one or more poly-
mers are selected from at least one of a HDPE, LDPE,
LLDPE, ULDPE, VLDPE, VLLDPE, copolymers of ethyl-
ene and a-olefins, polypropylene, copolymers of propylene
and a-olefins, copolymers of propylene and ethylene, EVA,
and EMA.

9. The method of claim 1, wherein following the separation
of'the one or more polymers, the one or more polymers are at
least about 70% ash-free.

10. The method of claim 1, wherein following the separa-
tion of the one or more polymers, the one or more polymers
are substantially ash-free.

11. A method of recycling one or more polymers from a
flooring material comprising:

subjecting a flooring material cut into portions that permit

contact between the flooring material to a solvent that
dissolves an adhesive backing thereof;

contacting the flooring material portions with a mechanical

disruptor that both pulls and separates one or more poly-
mers of the flooring material from the adhesive backing
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concurrently in at least two different directions for a time
sufficient to separate the one or more polymers from the
adhesive backing; and

separating any remaining adhesive away from the one or
more polymers by at least one of crushing or squeezing,
wherein greater than about 70% of components of the
flooring material may be recycled.

12. The method of claim 11, wherein greater than about

90% of components of the flooring material may be recycled.

13. The method of claim 11, wherein substantially all com-
ponents of the flooring material may be recycled.

14. The method of claim 11, wherein the solvent is selected
from at least one of a terpene solvent, a D-limonene, a pinene,
an a-pinene or water.

15. The method of claim 11, wherein the mechanical dis-
ruptor comprises two or more mixing heads, blades, beaters,
wisks, paddles, jets, screws, or rollers that provide the
mechanical disruption in the at least two different vectors.

16. The method of claim 11, wherein the flooring material
portions are contacted with the mechanical disruptor after
subjecting the flooring material portions to the solvent.

17. The method of claim 11, wherein the flooring material
portions are contacted with the mechanical disruptor for
about 1 to 30 minutes to separate the one or more polymers
without substantially sheering the one or more polymers

18. The method of claim 11, wherein the one or more
polymers are selected from at least one of a HDPE, LDPE,
LLDPE, ULDPE, VLDPE, VLLDPE, copolymers of ethyl-
ene and a-olefins, polypropylene, copolymers of propylene
and a-olefins, copolymers of propylene and ethylene, EVA,
and EMA.

19. The method of claim 11, wherein following the sepa-
ration of the one or more polymers, the one or more polymers
are at least about 70% ash-free.

20. A system for recycling one or more polymers from a
flooring material cut into portions that allow contact with a
solvent comprising:

a vat or container configured to accept portions of a cut
flooring material and subject the cut flooring material
portions to the solvent;

amechanical disruptor that both pulls and separates the one
or more polymers from an adhesive backing concur-
rently in at least two different directions for a time suf-
ficient to separate the one or more polymers from the
adhesive backing following subjecting the cut flooring
material portions to the solvent; and

one or more rollers configured to crush adhesive particles
remaining on the one or more polymers, wherein the
system achieves complete separation of the one or more
polymer components and the adhesive backing without
substantially sheering the one or more polymers.
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