w0 20207146681 A1 |0 0000 KO Y10 0 O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
16 July 2020 (16.07.2020)

(10) International Publication Number

WO 2020/146681 Al

WIPO I PCT

(51) International Patent Classification:
DO6N 7/00 (2006.01)

(21) International Application Number:
PCT/US2020/012993

(22) International Filing Date:
09 January 2020 (09.01.2020)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
62/790,349 09 January 2019 (09.01.2019) UsS
62/791,162 11 January 2019 (11.01.2019) UsS

(71) Applicant: INTERFACE, INC. [US/US]; 1280 West
Peachtree Street NW, Atlanta, Georgia 30309 (US).

(72) Inventors: WEVER, Johannes Lieuwe; Soerenseweg 94,
7327 Apeldoorn (NL). JONES, Stuart; 103 Prestwick
Road, LaGrange, Georgia 30241 (US). CULPEPPER, An-
dre; 61 Harlan Trace, Villa Rica, Georgia 30180 (US).
HOBBS, James, 108 Deal Drive, LaGrange, Georgia
30240 (US). ACHILLI, Luca; 3 Blackett Street, London
Greater London SW15 1QG (GB). BUNTARA, Teddy:;
Pijlkruid 9, 6661 Elst (NL). HENSLER, Connie Daniel,
3255 Colquitt Trail, Kennesaw, Georgia 30152 (US).
BRADFORD, John; 122 Morgan Drive, LaGrange, Geor-
gia 30240 (US). JONES, William Nathan; 401 Jackson
Road, West Point, Georgia 31833 (US). BOYD, Michael
Lindsay; 9 King Street, Maianbar, New South Wales 2230
(AU).

Agent: DOYLE, Kristin J. et al.; Kilpatrick Townsend &
Stockton LLP, 1100 Peachtree Street NE, Suite 2800, At-
lanta, Georgia 30309 (US).

(74)

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE,LR, LS, MW, MZ, NA,RW, SD, SL, ST, SZ, TZ,

UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
with international search report (Art. 21(3))

(54) Title: SURFACE COVERINGS INCLUDING CARBON SEQUESTERING MATERIALS AND METHODS OF MAKING

(57) Abstract: Floor coverings, such as modular panels or tiles, for installation on interior surfaces include an upper wear layer and
a backing layer, where the backing layer includes a filler that includes concentrated carbon. The floor coverings can sequester carbon
such that the resulting product has a negative carbon footprint when subjected to a Life Cycle Assessment.



WO 2020/146681 PCT/US2020/012993

SURFACE COVERINGS INCLUDING CARBON SEQUESTERING MATERIALS
AND METHODS OF MAKING

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001]  This application claims priority to U.S. Provisional Application 62/790,349,
filed on January 9, 2019, and U.S. Provisional Application 62/791,162 filed on January
11, 2019, the entire contents of each of which is incorporated herein in its entirety.
FIELD
[0002] Embodiments of the present invention relate to surface coverings such as
floor coverings, and in particular to carpet tiles and other modular panels or tiles,
specifically engineered to reduce, eliminate, and/or preferably render negative the
carbon footprint of the product as measured by a Life Cycle Assessment.
BACKGROUND
[0003]  Floor coverings typically include at least an exposed upper wear layer and
a backing layer beneath the wear layer. Carpet tiles typically have an upper wear layer
formed by tufting yarn into a primary backing fabric and coating the underside of the
backing fabric with an adhesive material (often called a “precoat”) to lock the yarns
into the primary backing fabric. For purposes of this application, the term “face cloth”
refers to a tufted primary backing fabric prior to precoat application (i.e., devoid of a
precoat), and the term “half cloth” refers to a tufted primary backing fabric having a
precoat (i.e., the yarn/primary backing fabric/precoat composite). The half cloth is
then attached to a stabilizing structural backing composite to form a carpet web. The
carpet web is then cut into carpet tiles of the desired shape and size.
[0004]  FIGs. 1 and 2 are cross-sections illustrating examples of traditional carpet

tile constructions 10, 11. The carpet tile constructions 10, 11 include yarns 17 tufted
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into a tufting primary 19 (also called a primary backing) to form a face cloth 14. In
addition to being tufted, carpet tile half cloths may also be woven, nonwoven (e.g.,
needle-punched or needlefelt), fusion-bonded, etc. An adhesive or precoat layer 22 is
positioned on the underside of the face cloth 14 to lock the yarns 17 into the tufting
primary 19 and thereby form a half cloth.

[0005] A backing composite 12, 21 is provided underneath the half cloth. Backing
composites impart flatness, dimensional stability, stiffness, and weight to the modular
tile, and thereby minimize or eliminate the need for adhesives to secure the tile to a
floor. A backing composite of a broadloom carpet normally consists of a latex coating
(in addition to any latex precoat layer) and a textile substrate, such as a woven
substrate. As compared to a broadloom carpet, the backing composite of a modular
tile usually must be heavier to ensure performance and durability of the product, for
example to enable heavy wear without deterioration. Thus, the backing composite of
a carpet tile normally includes a polymeric coating or sheet, optionally with a glass
veil or glass scrim embedded therein for dimensional stability and/or optionally with
a lower substrate (often a fabric such as a nonwoven fleece) located on the underside
of the tile.

[0006]  FIG. 1illustrates a carpet tile construction 10 having a backing composite 12
having a polymeric sheet 18 (which does not include an embedded fiberglass layer)
and a fabric 24 on the underside of the tile construction. FIG. 2 illustrates a carpet tile
construction 11 with a backing composite 21 having two polymeric sheets 18, 20 and

a fiberglass layer 16 interposed between the backing sheets 18, 20. The carpet tile
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construction 11 does not include an underlying fabric as is the case with carpet tile
construction 10.

[0007]  The carbon footprint of a product is a measure of the total greenhouse gases
(GHGs) that are removed from the atmosphere or emitted to the atmosphere during
the product’s life cycle (e.g., creation, use, and disposal). Also referred to as net Global
Warming Potential (GWP) emissions, the carbon footprint is measured in kilograms
of carbon dioxide (CO2) equivalents per square meter (kg CO2 eq/m?). In determining
GWP emissions, GHGs other than CO: are converted to CO: equivalents based on
their radiative forcing effects over a period of one hundred years. A negative net GWP
indicates that more GHGs are removed from the atmosphere than are emitted into the
atmosphere during the life cycle of the product.

[0008]  Net GWP emissions can be measured using a Life Cycle Assessment (also
referred to as a Life Cycle Analysis), as described in the ISO 14000 series of
environmental management standards. According to these standards, Life Cycle
Assessment (LCA) is a technique to assess environmental impact of a product or
service by quantifying all inputs and outputs of material flows and assessing how
these material flows affect the environment. LCAs for products are conducted for the
entire life cycle of a product; however, the life cycle of a product can be broken into
stages. The stage from raw material through manufacturing is referred to as “cradle-
to-gate,” and the stage after sale, including customer use and end of life, is referred to
as “gate-to-grave” (or “gate to end-of-life”). Where a product is recycled, the stage

after sale can be referred to as gate to cradle.
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[0009] Environmental Product Declarations (EPDs) are third party verified
(certified) reports published by product manufacturers that provide information
regarding environmental performance of their products. EPDs essentially report the
results of LCAs performed on products. Specifically, an EPD for a product will report
the GWP for each stage of the product’s life cycle and the net GWP for the entire life
cycle, as determined according to a published standard and a defined methodology.
The LCA is conducted according to ISO 14040 - ISO 14049 (second edition, July 1, 2006
version), the entirety of which is herein incorporated by reference. These standards
include, but are not limited to, ISO 14044: Environmental management - Life cycle
assessment — Requirements and guidelines (first edition, July 1, 2006 version), the entirety
of which is herein incorporated by reference. The relevant standard for EPDs is ISO
14025: Environmental labels and declarations — Type III environmental declarations -
Principles and procedures (first edition, July 1, 2006 version), the entirety of which is
herein incorporated by reference.

[0010]  While the ISO standards do not include precise methodologies for carrying
out LCA and calculating GWP, several accepted characterization factors exist,
including CML-IA August 2006 Characterisation Factor for Global Warming Potential
used in Europe, and the Tool for Reduction and Assessment of Chemicals and Other
Environmental Impacts (“TRACT”), developed by the US EPA.

[0011]  TRACI provides a standard methodology for characterizing and calculating
contributions to a product’s GWP. While different accepted methodologies generally
give the same or very similar results, for purposes of this application, any GWP

reported herein is calculated (or estimated) using the methodology TRACI 2.1 Global
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Warming Potential including biogenic and Land Use Change (LUC). A negative GWP
value indicates a negative carbon footprint.

[0012] Embodiments of the present invention are directed to improving the carbon
footprint of products from “cradle-to-gate” (i.e., reducing the carbon footprint based
on the production of the product). Thus, for purposes of this application, unless
specifically stated otherwise, all references to carbon footprint or GWP refer to the
cradle-to-gate global warming potential, with “cradle-to-gate” defined as in standard
NEN-EN 15804:2012 Sustainability of construction works - Environmental Product
Declarations - Core rules for the product category of construction products. Moreover, all
references to carbon neutrality or carbon negativity, respectively, mean that the GWP
is zero (carbon neutral) or negative (carbon negative) for the cradle-to-gate stage.
[0013] A cradle-to-gate LCA takes into account all inputs and outputs of GHGs
from all aspects of a product’s production, including raw material extraction,
conversion of feed stocks into chemicals, transport of materials to factories, energy
involved in fabricating the product, packaging, and production wastes and disposal.
Thus, the type of materials as well as the amounts and weights of such materials used
in a product all contribute to the carbon footprint of a product.

[0014]  As one example, for a carpet tile, the type of yarn, size of yarn, fiber/yarn
density, tufting primary material, tufting primary weight, and formulation and
amount of precoat material all contribute to the carbon footprint of the half cloth.
Moreover, the backing composite and each component thereof also contributes to the
carbon footprint of the carpet tile. Commonly used backing compounds for forming

backing composites on modular floor coverings, such as carpet tiles, are fossil fuel
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based, e.g., they comprise bitumen, polyvinyl chloride (PVC), or polyolefins, which
are made from fossil fuels. Although fossil fuels are continually being formed via
natural processes, they are generally considered to be non-renewable resources
because they take millions of years to form and the known viable reserves are being
depleted much faster than new ones are being made. The use of fossil fuels also raises
potential environmental concerns, as their burning results in the formation of carbon
dioxide, which is a notorious greenhouse gas.

[0015]  There is a need for floor coverings that require lower quantities of fossil
fuels and/or result in lower levels of greenhouse gas emissions. Additionally or
alternatively, there is a need for floor coverings that utilize more bio-based materials
and/or that are more environmentally sustainable, i.e., have a lower environmental
impact and/or are more rapidly renewable. Additionally or alternatively, there is a
need for partially or fully bio-based floor coverings that can be economically
produced.

SUMMARY

[0016] Disclosed herein are surface coverings, such as floor coverings, that include
one or more layers, such as an upper wear layer and a backing layer. The backing
layer can be a backing composite that includes a backing compound and one or more
substrates. In some embodiments, at least one of the layers in the product has been
engineered to be carbon negative as measured by a Life Cycle Assessment. In some
embodiments, the overall product is carbon negative as measured by a Life Cycle
Assessment. In some embodiments, carbon negativity is achieved in part by inclusion

in the product of a filler that includes concentrated carbon.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0001] A further understanding of the nature and advantages of various
embodiments may be realized by reference to the following figures. In the appended
figures, similar components or features may have the same reference labels.
[0002]  FIG. 1 is a cross-section of an embodiment of a prior art carpet tile
construction that may be suitable for use with embodiments of the present invention.
[0003]  FIG. 2 is a cross-section of an alternative embodiment of a prior art carpet
tile construction that may be suitable for use with embodiments of the present
invention.

DETAILED DESCRIPTION

[0017] Embodiments of the present invention relate to multi-layer surface
coverings including floor coverings, such as, but not limited to, modular panels or
tiles, for installation on interior surfaces. More specifically, embodiments of the
invention relate to formulations for and modifications to various components of floor
coverings that alone or collectively result in a product having a reduced, zero, and/or
negative carbon footprint when subjected to a Life Cycle Assessment.
[0018] In some examples, the surface coverings described herein have a carbon
footprint that is reduced through use of natural, bio-based, or recycled materials in
place of conventional manmade materials. As used herein, “bio-based” refers to a
naturally occurring organic material or a material intentionally made from substances
derived from currently-existing organisms and/or organisms that lived in the
Common Era (CE), as opposed to non-renewable fossil fuels that are made from

prehistoric organisms.
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[0019] Embodiments described herein overcome known compatibility problems
when manmade materials are combined with natural, bio-based, and/or recycled
materials. Such blends often result in heterogeneous formulations with inconsistent
properties and a product that fails to meet desired performance specifications. In
embodiments described herein, however, the surface coverings include one or more
components, such as a precoat or backing compound, formed in whole or in part from
a substantially homogenous mixture of manmade materials and natural, bio-based,
and/or recycled materials. In other examples, one or more other components of the
surface covering includes a natural, bio-based, or recycled material. In still other
examples, precision manufacturing allows an overall reduction in materials that
reduces the product’s carbon footprint without a reduction in performance.

[0020] Embodiments described herein provide surface coverings that are carbon
neutral or carbon negative. It should be noted that not every layer or component in
the product need be carbon neutral or carbon negative. Rather, the products are
engineered such that the overall product can have a net neutral and, even better, net
negative carbon footprint. To accomplish this, various layers may be engineered to be
carbon negative and compensate for other layers in the product being carbon positive.
For example, the backing layer may be carbon negative to offset a half cloth having a
positive carbon footprint. Alternatively, the half cloth of a carpet tile could be carbon
negative to offset a backing layer having a positive carbon footprint. Yet still, each

layer of the product, in isolation, could be carbon neutral or carbon negative.
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[0021]  Embodiments described herein include coating compounds (e.g. precoat
compounds and backing compounds) that include a high purity biochar, referred to
herein as concentrated carbon.

[0022]  Asused herein, “biochar” refers to the solid material produced by pyrolysis
(i.e., direct thermal decomposition) of biomass in the absence of oxygen. Pyrolysis of
biomass produces a mixture of solids (biochar), liquids (biooil), and gas (biogas).
Biomass includes any organic material that comes from plants or animals, for example,
wood and wood processing waste, agricultural crops and waste materials, yard waste,
and animal waste. Biochar can be produced with pyrolysis temperatures of at least
350 °C, optionally at least 400 °C, at least 600 °C, at least 800 °C, from 350 °C to 1000
°C, inclusive; from 400 °C to 1000 °C, inclusive; from 600 °C to 1000 °C; inclusive, from
800 °C to 1000 °C, inclusive.

[0023] As used herein, “concentrated carbon” refers to a biochar, as defined herein,
having a carbon content of at least 80 % by weight. As used herein, the “carbon
content” refers to the percentage of the biochar mass that is atomic carbon.

[0024] In some examples, the concentrated carbon is an engineered
material, intentionally created under prescribed controlled conditions proven to
reliably produce a substance with predefined specific characteristics in terms of
composition and manufacturing processing ability. In some examples, the
concentrated carbon is formed when woody waste and/or other rapidly renewable
plant and shell materials are exposed to high heat under low oxygen conditions in a

process driven by renewable gas energy and the synthesis gas created during
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heating. This process creates a carbon rich, lightweight blendable material that locks
away carbon that would otherwise escape into the atmosphere.

[0025]  The concentrated carbon described herein can be formed by pyrolysis of a
biomass in an oxygen-limited environment at very high temperatures. The weight
percent of carbon and the concentration of impurities in the concentrated carbon are
affected by several factors, including the type of biomass, the carbon content of the
biomass, and the pyrolysis conditions.

[0026] Useful sources of biomass for producing the concentrated carbon described
herein include any sustainable, rapidly-renewable material with minimal heavy metal
content. In some examples, useful sources of biomass include grass, algae, other
microbial mass, leaves, bark material, beans, hulls, mangroves, wood wastes, and nut
shells. In other examples, useful sources of biomass include agricultural and
municipal waste. In some examples, the feedstock biomass for pyrolysis has at least
50 %, at least 60 %, or at least 70 % (w/w) carbon content. In some examples, the
pyrolysis temperature is at least 350 °C, at least 400 °C, at least 600 °C, at least 800 °C,
from 350 °C to 1000 °C, inclusive; from 400 °C to 1000 °C, inclusive; from 600 °C to
1000 °C, inclusive; or from 800 °C to 1000 °C, inclusive. Generally, a higher pyrolysis
temperature reduces the amount of volatile impurities in the final product, providing
a more pure concentrated carbon. Optionally, the pyrolysis process may be fuelled by
combustion of syngas generated during the process or by supplemental renewable
energy. In some examples, the pyrolysis modifies the chemical bonds of the biomass

and creates graphene complexes, which are present in the concentrated carbon.
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[0027] The concentrated carbon described herein has a molar H/ Corg ratio of less
than 0.7, optionally less than 0.65, less than 0.60, less than 0.55, less than 0.50, or less
than 0.45. The concentrated carbon described herein has a molar O/Corg ratio of less
than 0.4, less than 0.35, less than 0.3, less than 0.35, or less than 0.2. 40 %, at least 50 %,
at least 60 %, or at least 70 %. Optionally, the concentrated carbon described herein
has a pH from about 6.5 to about 10.5, inclusive; from about 7 to about 10.5, inclusive;
from about 8 to about 10, inclusive; from about 9 to about 10, inclusive.

[0028] The surface coverings described herein can be floor coverings that will
typically (but not always) include an upper wear layer and a backing layer, where the
backing layer can be a backing composite including a backing compound and at least
one substrate.

Upper Wear Layer

[0029]  The upper wear layer of the floor covering can include any conventional or
specialty material used in floor coverings. Materials for the upper wear layer may be
selected so that the resulting floor coverings exhibit desired properties, such as, but
not limited to, a decorative appearance, favorable acoustic attributes, good insulation
(e.g., good R values), water resistance, flame resistance, etc. In some examples, a floor
covering described herein is a sheet or tile, including but not limited to a performance
broadloom carpet or carpet tile, a luxury vinyl sheet or tile, or a rubber sheet or tile.
While embodiments of the invention are described with specific reference to carpet
tiles (such as, but not limited to, those having the constructions shown in FIGs. 1 and

2), it should be understood that a person skilled in the art could implement or adapt

11
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the disclosure set forth herein in other types of surface coverings and applications as
appropriate and applicable.

[0030] Some embodiments of the present invention include selecting or altering
the types of materials and/or the amounts of materials used in the upper wear layer
(e.g., the half cloth in carpet tiles), to reduce the carbon footprint of the upper wear
layer and the carbon footprint of the overall tile. For example, in carpet tiles, the size
of the yarns, tuft height of the yarn, and stitch density (e.g., number of yarn tufts per
square inch) all impact the face weight of the yarn, which impacts the carbon footprint
of the half cloth. “Face weight” refers to the weight of the yarn used in the half cloth.
Each of the yarn size, tuft height, and stitch density can be manipulated to adjust the
carbon footprint of the half cloth.

[0031]  More specifically, it has been found that yarns of smaller size may be used
without sacrificing the aesthetics of the tufted product. Rather, smaller-sized yarns
may be tufted to a lower tuft height but at a higher tuft or stitch density (i.e., more
tufts per square inch). This results in use of less yarn overall so as to have a lower face
weight of the yarn without sacrificing aesthetics. Moreover, the use of smaller yarns
allows for placement of more tufts within an area, enabling the creation of more
intricate and precise tufted patterns. The higher density of tufts also prevents the
tufting primary from being visible (a problem known as grinning), despite the tufts
being of shorter height.

[0032] Yarn Size: Some embodiments of the present invention use yarns having a
denier of less than 2000, such as, but not limited to, a denier of from 800 to 1800,

inclusive; from 900 to 1600, inclusive; from 1000 to 1500, inclusive; from 1000 to 1400,

12
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inclusive; from 1000 to 1200, inclusive and/or from 1200 to 1800, inclusive. In some
embodiments, the yarn has a denier of 1200. The yarns may be single- or multi-ply.
By way only of example, a 1200 denier yarn end may be formed by a single 1200 denier
yarn, by 2 plies of 600 denier yarn, by 3 plies of 400 denier yarn, etc.

[0033] Tuft Height: Some embodiments of the half cloths disclosed herein include
yarn tufts having a tuft height of from 1/32 inch to 6/32 inch (0.794 mm to 4.76 mm),
inclusive; from 2/32 inch to 5/32 inch 1.59 mm to 3.97 mm), inclusive; from 2/32 inch
to 4/32 inch (1.59 mm to 3.175 mm), inclusive; and/or from 2/32 inch to 3/32 inch
(1.59 mm to 2.38 mm), inclusive. The half cloth may be tufted using any tufting
machine, although 10t and 12t gauge machines (such as those available from Tuftco
Corporation and Card Monroe Corporation, both of Chattanooga, Tennessee) may be
particularly suitable.

[0034] Tuft Density: Some embodiments of the half cloths disclosed herein include
yarn tufts having a tuft density of from 100 to 400 tufts per square inch (“IPI”),
inclusive; from 110 to 400 TPI, inclusive; from 140 to 300 TPI, inclusive; from 160 to
280 TPI, inclusive; from 170 to 270 TPI, inclusive; from 170 to 260 TPI, inclusive; from
180 to 250 TP, inclusive; and /or from 180 to 240 TP, inclusive.

[0035]  Face Weight: The face weight of the yarn in half cloths of traditional carpet
tiles is at least 20 ounces per square yard (“osy”). The face weight of the yarn in some
embodiments of the half cloths described herein is significantly lower, such as in the
range of from 5 to 20 osy, inclusive; from 6 to 18 osy, inclusive; from 8 to 17 osy,
inclusive; from 10 to 15 osy, inclusive; from 6 to 12 osy, inclusive; from 12-18 osy,

inclusive; and/or from 9 to 12 osy, inclusive. In some embodiments, the face weight

13
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of the yarn is approximately 5 osy, 6 osy, 7 osy, 8 osy, 9 osy, 10 osy, 11 osy, 12 osy, 13
osy, 14 osy, 15 osy, 16 osy, 17 osy, 18 osy, 19 osy, or 20 osy.

[0036] Yarn Material: The material from which the yarn is made can be selected to

contribute to a reduced carbon footprint. For example, yarn made from natural, bio-
based, or recycled material would provide a lower contribution to the half cloth GWP
than yarn made from non-renewable, fossil fuel-based resources. The yarn may be
made from any type of fiber material, including, but not limited to, nylon (nylon 6 or
nylon 6,6), polyester, polypropylene, PET (polyethylene terephthalate), PIT
(polytrimethyl terephthalate), PBT (polybutyl terephthalate), PLA (polylatic acid),
hemp, wool, cellulosics, and other fibers. In some examples, the yarn is a post-
consumer (“PC”) or a post-industrial (“PI”) recycled material, such as a PC or PI
recycled nylon or a PC or PI polyethylene terephthalate. Other suitable yarn materials
are disclosed in WO 2011/066620, the entirety of which is incorporated herein by
reference.

[0037]  Tufting Primary: The tufting primary can be any woven or nonwoven

material, including but not limited to, polypropylene, polyester, recycled polyester,
polylactic acid, nylon, and jute. Traditional tufting primaries typically weigh 3-4 osy.
[0038] All of the above factors may be selected and manipulated so as to reduce,
and even render neutral or negative, the carbon footprint of the face cloth. Table 1
compares constructions of a conventional face cloth and embodiments of inventive
face cloths contemplated herein with the associated carbon footprint of each based on

the materials.

14
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Table 1: Face Cloth Construction

Conventional Inventive Face Cloth (“FC”)
Face Cloth FCI FCII FCIII

Yarn type nylon 6,6 recycled recycled recycled

nylon 6 nylon 6 nylon 6
Yarn size 2400-2700 | 900-1200 | 1200-1800 | 1200-1800
(denier)
Tuft height (in) | 4/32-7/32 2/32-3/32 2/32-3/32 2/32-4/32
Tuft density
(TP]) 100 108 216 400
Yarn face
weight (0sy) 20 6 12 18
Tufting Nonwoven Nonwoven Nonwoven Nonwoven
primary Polyester Polyester Polyester Polyester
Tufting
Primary weight 4 4 4 4
(0sy)
TRACI 2.1*
GWP 2.8-3.1 0.8-0.9 1.2-15 1.7-22
(kg CO; eq/m?)

* based only on the material in the face cloth; not a cradle-to-gate life cycle assessment
of the face cloth (i.e., estimate does not include transport of materials to factories,
energy involved in fabricating the product, packaging, and production wastes and
disposal).

[0039] Moreover, the reduction in the carbon footprint of the half cloth is achieved
without sacrificing performance. More specifically, it has been surprisingly
discovered that carpet tiles that include embodiments of the half cloths disclosed
herein are able to achieve the severe wear rating (i.e., a rating of equal to or greater
than 3.5) pursuant to the rating scales set forth in ASTM D7330-2015: Standard Test
Method for Assessment of Surface Appearance Change in Pile Floor Coverings Using Standard
Reference Scales (2015 version), the entirety of which is herein incorporated by
reference, and when the tile is subjected to the test method set forth in ASTM D5252-

2015: Standard Practice for the Operation of the Hexapod Tumble Drum Tester (2015

version), the entirety of which is herein incorporated by reference.
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[0040]  To test for wear pursuant to ASTM D5252, a piece of finished carpet tile is
cut to fit within and around the circumference of a drum that is mounted on a rotary
device. A pod onto which are positioned six feet of a specified weight is positioned
within the drum. In this, the pod is a mechanical foot simulator. The drum is rotated
via the rotary device for a specified number of revolutions, after which the piece of
carpet tile is laid out and the overall appearance of the carpet tile is inspected and
rated. ASTM D7330 sets forth rating scales for indicating how well the carpet “held
up” under testing, and the inspector is to consider factors such as pile crush, pilling,
broken ends, etc. in rating the carpet. More specifically, ASTM D7330 includes a
Texture Appearance Retention Rating (TARR) for rating changes in the tile
appearance. A TARR rating of 5 represents no change in the appearance of the half
cloth after testing, and a TARR rating of 1 indicates a very severe change in the
appearance of the half cloth after testing. Some embodiments of carpet tiles having
half cloths disclosed herein achieve a TARR rating pursuant to ASTM D7330 of greater
than or equal to 2.5, greater than or equal to 3.0, and/or greater than or equal to 3.5
when tested in accordance with ASTM D7330. A TARR rating of greater than or equal
to 3.5 indicates that the tile is suitable for use under the most severe traffic conditions.
[0041] Carpet tiles that include embodiments of the half cloths disclosed herein
may also satisfy the requirements for a Class 33: Heavy Commercial Use classification
specified in BS EN 1307:2014 - Textile Floor Coverings - Classification (the entirety of
which is herein incorporated by reference) when the tile is subjected to the Vetterman
Drum test method set forth in BS ISO 10361:2015 - Textile floor coverings —

Production of changes in appearance by means of Vettermann drum and hexapod
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tumbler tester (the entirety of which is herein incorporated by reference) and its
performance rated pursuant to BS EN ISO 9405:2017 - Textile Floor coverings -
Assessment of Changes in Appearance (the entirety of which is herein incorporated
by reference).

[0042]  Precoat layer: In a carpet tile, a precoat layer is used to secure the yarn to
the tufting primary layer. Generally, the precoat is applied as a water-based emulsion
of a precoat adhesive that optionally is modified with fillers and various additives. In
some examples, the carbon footprint of the precoat layer is manipulated and reduced
by selection of materials used as the precoat adhesive, the filler, and/or the various
additives.

[0043] Suitable precoat adhesives include, but are not limited to, any thermoplastic
polymer, including hot melt, latex, ethylene vinyl acetate (EVA), acrylic, a bituminous
compound, a rubber compound, or any combination of these materials. In some
examples, the precoat adhesive includes a thermoplastic derived from a natural or
recycled material, including but not limited to a starch or recycled polyvinyl butyral.
[0044]  Precoat compositions contemplated for the floor coverings described herein
include a precoat adhesive in a weight percent of from about 15% to about 100 % by
weight (“w/w"), inclusive; from about 20 % to about 100 % (w/w), inclusive; from
about 30 % to about 100 % (w/w), inclusive; from about 40 % to about 100 % (w/w),
inclusive; from about 50 % to about 100 % (w/w), inclusive; from about 15 % to about
90 % (w/w), inclusive; from about 20 % to about 90 % (w/w), inclusive; from about
30 % to about 90 % (w/w), inclusive; from about 40 % to about 90 % (w/w), inclusive;

from about 50 % to about 90 % (w/w), inclusive; from about 90 % to about 100 %
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(w/w), inclusive; from about 90 % to about 98 % (w/w), inclusive; from about 15 % to
about 90 % (w/w), inclusive; from about 20 % to about 90 % (w/w), inclusive; from
about 30 % to about 90 % (w/w), inclusive; from about 40 % to about 90 % (w/w),
inclusive; from about 50 % to about 90 %, inclusive; from about 15 % to about 80 %
(w/w), inclusive; from about 20 % to about 80 % (w/w), inclusive; from about 30 % to
about 80 % (w/w), inclusive; from about 40 % to about 80 % (w/w), inclusive; from
about 50 % to about 80 % (w/w), inclusive; from about 15 % to about 70 % (w/w),
inclusive; from about 20 % to about 70 % (w/w), inclusive; from about 30 % to about
70 % (w/w), inclusive; from about 40 % to about 70 % (w/w), inclusive; from about
50 % to about 70 % (w/w), inclusive; from about 15 % to about 60 % (w/w), inclusive;
from about 20 % to about 60 % (w/w), inclusive; from about 30 % to about 60 %
(w/w), inclusive; from about 40 % to about 60 % (w/w), inclusive; from about 50 % to
about 60 % (w/w), inclusive; from about 15 % to about 50 % (w/w), inclusive; from
about 20 % to about 50 % (w/w), inclusive; from about 30 % to about 50 % (w/w),
inclusive; or from about 40 % to about 50 % (w/w), inclusive.

[0045]  Fillers have often been incorporated into the precoat adhesive to add
stifftness and weight, to modify flow properties, to improve tuft binding, to impart
desirable properties such as flame resistance, and for economic benefits. Suitable
fillers for the precoat include any known organic or inorganic (e.g. mineral) filler
material. In some examples, the precoat filler includes a natural, bio-based, or recycled
filler material that can contribute to a reduced carbon footprint of the precoat and,
ultimately, the floor covering. Additionally or alternatively, the precoat filler can

include a conventional filler material. Useful precoat filler materials include fly ash;
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calcium oxide; calcium carbonate (e.g., limestone); silicates; silicas; oxides of silica;
carbonates; sulfates; oxides of antimony; aluminium trihydrate; carbon black; talcum;
clays; kaolin; wood (e.g., wood chips and wood flour); sea shell (e.g., shell flour); plant
material (e.g., plant fibers, plant shells, and plant residues); remined, post-industrial,
or recycled organic or inorganic materials (e.g., calcium carbonate, talc, clays,
minerals, rubber, plastic, or fibers), and biochar. In some embodiments the filler
includes a high purity biochar, referred to herein as concentrated carbon.

[0046]  Precoat compositions contemplated for the floor coverings described herein
include filler in a weight percent of from about 0 % to about 85 % (w/w), inclusive;
from about 0 % to about 80 % (w/w), inclusive; from about 0 % to about 70 % (w/w),
inclusive; from about 0 % to about 60 % (w/w), inclusive; from about 0 % to about
50 % (w/w), inclusive; from about 10 % to about 85 % (w/w), inclusive; from about
10 % to about 80 % (w/w), inclusive; from about 10 % to about 70 % (w/w), inclusive;
from about 10 % to about 60 % (w/w), inclusive; from about 10 % to about 50 %
(w/w), inclusive; from about 0 % to about 10 % (w/w), inclusive; from about 2 % to
about 10 % (w/w), inclusive; from about 20 % to about 85 % (w/w), inclusive; from
about 20 % to about 80 % (w/w), inclusive; from about 20 % to about 70 % (w/w),
inclusive; from about 20 % to about 60 % (w/w), inclusive; from about 20 % to about
50 % (w/w), inclusive; from about 30 % to about 85 % (w/w), inclusive; from about
30 % to about 80 % (w/w), inclusive; from about 30 % to about70 % (w/w), inclusive;
from about 30 % to about 60 % (w/w), inclusive; from about 30 % to about 50 %
(w/w), inclusive; from about 40 % to about 85 % (w/w), inclusive; from about 40 % to

about 80 % (w/w), inclusive; from about 40 % to about 70 % (w/w), inclusive; from
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about 40 % to about 60 % (w/w), inclusive; from about 40 % to about 50 % (w/w),
inclusive; from about 50 % to about 85 % (w/w), inclusive; from about 50 % to about
80 % (w/w), inclusive; from about 50 % to about70 % (w/w), inclusive; or from about
50 % to about 60 % (w/w), inclusive. In some embodiments, the precoat composition
does not include filler.

[0047] Precoat formulations can also include various processing aids and
additives, such as, but notlimited to, antistats, antimicrobial, anti-dust mite, and flame
retardants. Suitable bio-based additives include, but are not limited to, lecithin and
permethrin.

[0048]  Conventional precoats rely on a high mass of precoat material to
encapsulate and secure the yarn. Embodiments described herein use reduced mass of
precoat material to reduce the carbon footprint of the precoat and the resulting
contribution of the precoat to the carbon footprint of the floor covering. In some
examples, the mass of the precoat is reduced by reducing the amount of filler added
to the precoat adhesive. In some embodiments, the precoat adhesive is devoid of any
fillers. Reducing or eliminating the filler also results in a more concentrated adhesive
such that less is needed in the application. In some examples, precision application of
the precoat to the tufting primary allows further reduction of precoat mass while
maintaining performance. For example, conventional precoats have weights from
about 18 osy to about 32 osy, but in some examples described herein the amount of
precoat used is reduced to from about 5 osy to about 20 osy, inclusive; from about 7

osy to about 18 osy, inclusive; from about 7 osy to about 12 osy, inclusive; or from
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about 12 osy to about 18 osy, inclusive. In some embodiments, the amount of precoat
used is reduced to less than 20 osy, 18 osy, 16 osy, 14 osy, 12 osy, 10 osy, and 8 osy.
[0049]  Table 2 compares an example of a conventional precoat composition against
examples of embodiments of inventive precoat compositions (“PC”) contemplated
herein.

Table 2: Precoat Compositions

Conventlona.l .Precoat PCI PCII
Composition

Adhesive 19% 495 % 21.6 %

Filler 80% 495 % 76 %

Additive 1.0% 1.0 % 24 %

[0050]  Typical carpet tile half cloths weigh approximately 50 osy (20 osy of yarn, 4
osy tufting primary, and 26 osy precoat). Implementation of some or all of the
modifications proposed above can significantly reduce the weight of the half cloth. In
some embodiments, the half cloth (yarn, tufting primary, and precoat) weighs from
14 osy to 35 osy, inclusive; from 14 osy to 30 osy, inclusive; from 14 osy to 25 osy,
inclusive; from 14 osy to 23 osy, inclusive; from 14 osy to 21 osy, inclusive; from 15
osy to 19 osy, inclusive; or from 16 osy to 18 osy, inclusive.

[0051] Table 3 compares constructions of a conventional half cloth and
embodiments of inventive half cloths contemplated herein.

Table 3: Half Cloth Construction

Conventional Half Inventive Half Cloth
Cloth HCI HCII HC III
Face cloth Conventional face cloth FCI FCII FC III
(Table 1) (Table 1) | (Table1) | (Table 1)
Precoat Conventional Precoat PCI PCII PCI
(Table 2) (Table 2) | (Table?2) | (Table 2)
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Precoat weight 2% ; 7 I
(osy)

To’Fal Half Cloth 50 17 2 5
weight (osy)

TRACI 2.1 GWP*

(kg CO2 eq/m2) 35-43 1.1-1.2 14-15 20-24

* based only on the material in the half cloth, not a cradle-to-gate life cycle assessment
of the half cloth (i.e., estimate does not include transport of materials to factories,
energy involved in fabricating the product, packaging, and production wastes and
disposal).

As reflected in Table 3, some embodiments of the inventive half cloth represent at least
a 65% weight reduction; at least a 50% weight reduction; at least a 40% weight
reduction; at least a 30% weight reduction; at least a 25% weight reduction; or at least
a 20% weight reduction over conventional half cloth weights. In some embodiments,
the reduction in the carbon footprint of embodiments of the half cloths contemplated
herein as compared to the Conventional Half Cloth above is at least -1 KG CO2/m?, at
least -1.2 KG CO2/m?, at least -1.4 KG CO2/m?, at least -1.6 KG CO2/m?, at least -1.8
KG CO2/m?, at least -2.0 KG CO2/m?2, at least -2.2 KG CO2/m?2, at least -2.4 KG
CO2/m?2, at least -2.6 KG CO2/m?, at least -2.8 KG CO2/m?, or atleast -3.0 KG COz/m?2.
Backing Layer

[0052]  Inaddition to the upper wear layer, the floor covering described herein will
typically include a backing layer beneath the upper wear layer. The backing layer
typically is a backing composite that includes a backing compound and one or more
optional substrates. Embodiments of the floor coverings described herein have
backing compounds that include a binder and a filler. The filler includes a high purity
biochar, referred to herein as concentrated carbon. Including concentrated carbon as
a filler in the backing compound dramatically reduces the carbon footprint of the floor

covering by sequestering carbon. The effect of using concentrated carbon on the
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carbon footprint can be even more dramatic for floor coverings with high filler
content. For example, in modular flooring, such as carpet tile, the backing composite
must be rigid so the tile can function as a free-lay flooring tile. Generally, the backing
composite of modular flooring has a high filler content to contribute to the required
dimensional stability.

[0053] In addition to being dimensionally stable, the backing compounds and
optionally the backing composites described herein are flexible. Flexibility facilitates
installation of the floor coverings described herein. A flexible backing compound or
backing composite described herein easily yields to bending without breaking. The
force required to bend the flexible backing compound or backing composite described
herein is low, and as one example, sufficient force can be applied by a person without
use of machinery, such as when the surface covering is being installed.

[0054] Filler: The backing compound of the floor covering described herein
includes a filler that includes concentrated carbon, a high purity biochar that has a
carbon content of at least 80 % by weight, as defined above. In some examples, the
concentrated carbon has a carbon content of at least 85 %, at least 90 %, at least 95 %,
or at least 99 %. Some biochar includes polycyclic aromatic hydrocarbons (“PAH"s)
(e.g., naphthalene) and heavy metals (e.g., mercury, cadmium, lead, chromium, and
arsenic) as impurities. In some embodiments, the concentrated carbon described
herein includes less than 60 parts-per-million (“ppm”) of PAHs and/or less than 25
ppm of heavy metals. For example, any concentrated carbon described herein can
include PAHs in a concentration of less than 60 ppm, less than 50 ppm, less than 40

ppm, or less than 30 ppm. In some examples, the concentrated carbon includes less

23



WO 2020/146681 PCT/US2020/012993

than 7 ppm, less than 5 ppm, or less than 3 ppm of any individual PAH. As a further
example, any concentrated carbon described herein can include heavy metals in a
concentration of less than 25 ppm, less than 20 ppm, less than 15 ppm, less than 10
ppm, or less than 5 ppm. In some examples, the concentrated carbon includes less than
3 ppm, less than 2 ppm, or less than 1 ppm of mercury or cadmium. In some examples,
the concentrated carbon includes less than 15 ppm, less than 12 ppm, or less than 10
ppm of lead, chromium, or arsenic.

[0055] Any concentrated carbon described herein is suitable for use in the backing
compounds described herein. Optionally, the concentrated carbon is produced by
pyrolysis of a feedstock biomass having a carbon content of at least 50 %, at least 60
%, or at least 70 % (w/w). Optionally, the concentrated carbon is produced by a
pyrolysis process carried out at a temperature of at least 350 °C, at least 400 °C, at least
600 °C, at least 800 °C, from 350 °C to 1000 °C, inclusive; from 400 °C to 1000 °C,
inclusive; from 600 °C to 1000 °C, inclusive; or from 800 °C to 1000 °C, inclusive
[0056] The concentrated carbon in the backing compound can be in the form of
particles that have a particle size from about 0.01 pm to about 3 mm, inclusive; from
about 0.01 pym to about 2.5 mm, inclusive; from about 0.01 um to about 2 mm,
inclusive; from about 0.01 pm to about 1 mm, inclusive. In some embodiments, the
mean particle size of the concentrated carbon particles can be from about 80 um to
about 120 pm, inclusive. The particles may be segregated or classified to produce a
desired mean size. When the concentrated carbon raw material is introduced into a

backing compound it may have a particle size larger than about 3 mm. Generally, the
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concentrated carbon particles are reduced in size during production of the backing
compound.

[0057] The filler content in the backing compounds described herein can be 100 %
concentrated carbon, but typically includes from about 0.1 % to about 100 % (w/w),
inclusive, concentrated carbon. In some examples, the filler content includes
concentrated carbon in at least 2 % (w/w), at least 10 % (w/w), at least 15% (w/w), at
least 20 % (w/w), atleast25 % (w/w), atleast 30 % (w/w), atleast 35% (w/w), at least
40 % (w/w), atleast 45 % (w/w), at least 50 % (w/w), at least 55 % (w/w), at least 60
% (W/w), at least 65 % (w/w), at least 70 % (w/w), at least 75% (w/w), at least 80 %
(w/w), at least 95 % (w/w), at least 90 % (w/w), at least 95 % (w/w). In some
examples, the filler content includes concentrated carbon in any weight percent of
from about 2 % to about 98 % (w/w), inclusive; from about 10 % to about70 % (w/w),
inclusive; from about 20 % to about 55 % (w/w), inclusive; or from about 30 % to about
50 % (w/w), inclusive. Where the filler content is less than 100 % concentrated carbon,
the filler also includes one or more additional filler materials.

[0058] The additional filler material(s), when present, can be any known organic
or inorganic (e.g. mineral) filler material. In some examples, the additional filler
material is a natural, bio-based, or recycled filler material that independently can
contribute to a reduced carbon footprint of the backing compound and the floor
covering. In other examples, however, the additional filler material can be a
conventional filler material. Useful inorganic filler materials include fly ash; calcium
oxide; calcium carbonate (e.g., limestone); silicates; silicas; oxides of silica; carbonates;

sulfates; oxides of antimony; aluminium trihydrate; carbon black; talcum; clays;
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kaolin; and remined, post-industrial, or recycled forms thereof. Optionally, the
additional filler is recycled limestone. Useful organic filler materials include wood
(e.g., wood chips and wood flour); sea shells (e.g., shell flour); plant material (e.g.,
plant fibers, plant shells, and plant residues); and remined, post-industrial, or recycled
forms thereof. Optionally, the additional filler is a recycled material (e.g., recycled
rubber, recycled plastic, or recycled fibers).

[0059] The filler (including the concentrated carbon and any additional filler
material(s)) can have a particle size from about 0.01 pm to about 1 mm, and the filler
particles may be segregated or classified to produce a desired mean size. In some
examples, a filler having these particle sizes can be combined with one or more other
differently shaped fillers. Optionally, inorganic fillers can be combined with bio-based
fillers and/or recycled fillers like wood chips, natural fibers, plant shells, plant
residues, synthetic fibers, glass fibers, recycled fibers, recycled rubber, recycled
plastic, recycled minerals, and other recycled materials. Any combination of
additional fillers that would provide desired properties can be combined with the
concentrated carbon disclosed herein for incorporation into the backing compound
disclosed herein.

[0060]  The backing compound includes the filler, including concentrated carbon
and any additional filler material, in any desirable amount. In some examples, the
backing compounds described herein include filler in a weight percent from about
30% to about 95% (w/w), inclusive; from about 40% to about 95% (w/w), inclusive;
from about 50% to about 95% (w/w), inclusive; from about 60% to about 94% (w/w),

inclusive; from about 70% to about 92% (w/w), inclusive; from about 75% to about
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90% (w/w), inclusive; from about 75% to about 88% (w/w), inclusive; or from about
77% to about 86% (w/w), inclusive; from about 40% to about 70% (w/w), inclusive;
from about 45% to about 70% (w/w), inclusive; from about 45% to about 65% (w/w),
inclusive; and from about 50% to about 65%, inclusive.

[0061] In some embodiments, the backing compounds described herein include
concentrated carbon in weight percents of from about 0.1% to about 70 % (w/w),
inclusive; from about 0.5% to about 65 % (w/w), inclusive; from about 1% to about 65
% (w/w), inclusive; from about 1% to about 60 % (w/w), inclusive; from about 10%
to about 60 % (w/w), inclusive; from about 10% to about 55 % (w/w), inclusive; from
about 10% to about 50 % (w/w), inclusive; from about 15% to about 60 % (w/w),
inclusive; from about 20% to about 60 % (w/w), inclusive; from about 20% to about
50 % (w/w), inclusive; from about 25% to about 55 % (w/w), inclusive; from about
30% to about 50 % (w/w), inclusive; from about 1% to about 15 % (w/w), inclusive;
from about 1% to about 10 % (w/w), inclusive; from about 1% to about 5 % (w/w),
inclusive; from about 5 % to about 15 % (w/w), inclusive; from about 5 % to about 10
% (w/w), inclusive; from about 10 % to about 15 % (w/w), inclusive; from about 15%
to about 50 % (w/w), inclusive; from about 15% to about 40 % (w/w), inclusive; from
about 20% to about 40 % (w/w), inclusive; from about 25% to about 35 % (w/w),
inclusive; or from about 30% to 40% (w/w), inclusive.

[0062] Binder: In addition to the filler, the backing compounds described herein
further include a binder that imparts structure to the backing system. The binder
includes at least one of bio-based ester, a bio-based oil, or a polymer and may

optionally include additives that facilitate production of the backing compound or
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that impart desirable properties to the finished backing compound. In some
embodiments, the binder includes one or more bio-based esters, one or more bio-
based oils, and one or more polymers, but in other embodiments the binder does not
include all three components.

[0063]  The binder can be present in the backing compounds described herein in a
weight percent from about 5% to about70% (w/w), inclusive; from about5 % to about
60 % (w/w), inclusive; from about 5 % to about 50 % (w/w), inclusive; from about 6%
to about 40% (w/w), inclusive; from about 8% to about 30% (w/w), inclusive; from
about 10% to about 25% (w/w), inclusive; from about 12% to about 25% (w/w),
inclusive; or from about 14% to about 23% (w/w), inclusive. In some examples, the
binder portion of the backing compound comprises at least about 40% (w/w) bio-
based and/or recycled materials, For example, the binder content can include at least
about 50%, at least about 60%, at least about 70%, at least about 80%, at least about
85%, at least about 90%, or at least about 95% (w/w) bio-based and/or recycled
materials, or the binder content can be 100% bio-based or recycled material.

[0064] Bio-based esters useful in the backing compound are normally in solid form
at room temperature. They can have a melting point between about 65 °C and about
160 °C (for example, between about 80 °C and 120 °C) to allow them to be handled at
room temperature while allowing the mixing and application processes to be carried
out at reasonable processing temperatures.

[0065] The bio-based esters used in the backing compounds described herein can
be a rosin or a rosin derivative. Rosin is a natural resin obtained from pines and other

plants, such as conifers. Rosin is semi-transparent and varies in color from yellow to
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black. Rosin primarily consists of various resin acids. Rosin used in the backing
compounds can be unmodified or modified (i.e., a rosin derivative). Modified rosins
useful in the backing compounds described herein include esterified rosin,
hydrogenated rosin, dimerized rosin, phenolic rosin, terpenic rosin, and the like. As
an example, suitable esterified rosins may be reaction products of rosin with mono-,
di-, tri-, tetra-, or polyfunctional alcohols or combinations thereof, including methyl
alcohol, dipropylene glycol, glycerol, pentaerythritol, and combinations thereof. The
rosin or rosin derivative used in the present invention may be, or may be derived
from, any of the commercially available types of rosin such as wood rosin, gum rosin,
tall oil rosin and mixtures thereof in their crude or refined state.

[0066]  The bio-based ester can be present in the backing compounds described
herein in a weight percent from about 0% to about 50% (w/w), inclusive (e.g., from
about 5% to about 50%, inclusive; from about 5% to about 40%, inclusive; from about
7% to about 35%, inclusive; from about 8% to about 32%, inclusive; from about 9% to
about 30%, inclusive; from about 10% to about 40%, inclusive; from about 11% to
about 25%, inclusive; from about 12% to about 20%, inclusive; from about 12% to
about 20%, inclusive; from about 15% to about 40%, inclusive; from about 20% to
about 40%, inclusive; or from about 20% to about 40%, inclusive).

[0067]  The oil in the backing compound can act as a plasticizer to soften the
backing compound and make it more flexible. By including oil in the binder, the filler
load of the backing compound can be increased, allowing more concentrated carbon
to be included in the backing compound. Including oil in the binder can also reduce

or eliminate the need for polymers. This combination of increasing the amount of filler
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and decreasing the amount of polymer in the binder is highly beneficial because most
fillers have a relatively low environmental impact, while polymers have a relatively
high environmental impact. Thus, both increasing the amount of filler and decreasing
the amount of polymer decrease the environmental impact of the binder.

[0068] Oils useful in the backing compound can be natural or synthetic. In some
examples, the oil is a natural oil, such as a vegetable oil. In some examples, the oil is
vegetable oil, soybean oil, rapeseed oil, refined rapeseed oil, sunflower oil, refined
sunflower oil, high oleic sunflower oil, palm oil, castor oil, and/or coconut oil.
Optionally, the oil is refined or modified, such as hydrogenated or partially
hydrogenated vegetable oil. In other examples, the oil is an epoxidized soybean oil
(“ESQ”) or a reacted ESO. In some examples, the natural oil need not be limited to
vegetable oil, and can be a non-fossil oil, such as a plant, animal, or algae-derived oil.
In some embodiments, the oil can be a synthetic oil, such as an oil that has been
synthesized to give desired properties.

[0069] The backing compounds described herein can include oil in a weight
percent from about 0% to about 20% (w/w), inclusive (e.g., from about 1% to 15%,
inclusive; from about 2% to 15%, inclusive; from about 2% to 10%, inclusive; from
about 1% to 5%, inclusive; from about 5% to 15%, inclusive; from about 5% to 10%,
inclusive; from about 0.1% to about 20%, inclusive; from about 0.1% to about 15%,
inclusive; from about 0.25% to about 11%, inclusive; from about 0.5% to about 10%,
inclusive; from about 0.8% to about 8%, inclusive; from about 1% to about 6%,
inclusive; from about 1.4% to about 5%, inclusive; or from about 1.8% to about 4%,

inclusive).
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[0070] A polymer (e.g., thermoset, thermoplastic, or elastomer) may also be
included in the binder. Suitable polymers can be any polymer or copolymer,
including block copolymers, known for use in backing compounds for floor coverings.
As non-limiting examples, polymers useful in the backing compounds described
herein include polyolefins; polyesters, such as polyhydroxyalkanoate; vinyl polymers,
such as polyvinyl chloride (PVC); urethanes; and epoxies. Optionally, the polymer can
be a copolymer, such as poly(ethylene-propylene), ethylene-vinyl acetate (EVA),
styrene-butadiene rubber (SBR), or poly(styrene-butadiene-styrene) (SBS). Useful
EVA copolymers include those having vinyl acetate in a weight percent from about
1% to about 50%, such as from about 10% to about 40%, with the remainder being
ethylene. Useful SBS polymers have a styrene content between 10% and 70% (w/w).
[0071]  Some polymers useful in backing compounds are known as bitumen
modifiers. These polymers, including EVA, SBS, and SBR, are generally incorporated
into a backing compound by mixing at elevated temperatures (in general above
170 °C) and/or in a high shear mixer. Two common commercially available bitumen
modifiers or are Kraton DSBS™ (an SBS block copolymer available from Kraton) and
Polybilt 106™ (an EVA elastomer available from ExxonMobil). Some polymers are
known as polyolefin polymer modifiers. Examples of commercially available
polyolefin polymer modifiers include Vistamaxx™ granules (a propylene-ethylene
copolymer, available from Exxon Mobile), Mirel™ granules (a polyhydroxyalkanoate,
available from Metabolix).

[0072]  In some examples, a backing compound described herein does not include

a polymer. In other examples, a backing compound includes a polymer that is derived
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from a recycled material. In some examples, a backing compound described herein
does not include PVC. In other examples, a backing compound does not include virgin
PVC, but includes recycled PVC or PVC derived from a recycled material, such as
recycled carpet tile. In some examples, a backing compound described herein includes
a combination of virgin and recycled polymers, such as virgin and recycled PVC.
[0073]  Where a polymer is included in the backing compound, it is preferably, but
not necessarily, included in a weight percent no greater than 40% (w/w); no greater
than 35% (w/w); no greater than 30% (w/w); no greater than 25% (w/w); no greater
than 20% (w/w); no greater than 15% (w/w); no greater than 10% (w/w); and no
greater than 5% (w/w). In some embodiments, the polymer is included in the backing
compound in a weight percent of from about 1% to 30% (w/w), inclusive; from about
2% to 25% (w/w), inclusive; from about 3% to 20% (w/w), inclusive; from about 4%
to 20% (w/w), inclusive; from about 4% to 15% (w/w), inclusive; from about 4% to
10% (w/w), inclusive; from about 10% to 20% (w/w), inclusive; from about 15% to
30% (w/w), inclusive; from about 15% to 25% (w/w), inclusive; from about 15% to
20% (w/w), inclusive; from about 20% to 30% (w/w), inclusive; and from about 22%
to 28% (w/w), inclusive. The polymer may be present in a weight percent of from
about 0% to about30%, inclusive; from about(0.1% to about 25%, inclusive; from about
0.1% to about 20%, inclusive; from about 0.2% to about 10%, inclusive; from about
0.3% to about 8%, inclusive; from about 0.4% to about 6%, inclusive; from about 0.5%
to about 4%, or inclusive; from about 0.75% to about 2.5%, inclusive).

[0074]  The backing compound can also include additives that facilitate production

of the backing compound or that impart desirable properties to the finished backing
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compound. As non-limiting examples, the backing compound can include an
antioxidant, a hydrocarbon wax, a plasticizer, or a stabilizer. Additives can optionally
be natural, bio-based, or recycled materials to contribute to the reduced carbon
footprint of the floor covering. Additives can be present in the backing compound in
weight percents from 0 % to about 5 %, inclusive.

[0075]  In some examples, the backing compound further includes a hydrocarbon
wax. The hydrocarbon wax can be present in a weight percent from about 0% to about
15% of the backing compound. In other examples, however, the backing compound is
essentially free of a hydrocarbon wax. In some examples, the backing compound is
free of bitumen.

[0076]  In an embodiment, the backing compound comprises:

(1) from about 2% to about 25% (w/w), such as from about 5% to about 20%
(w/w), more preferably from about 7% to about 15% (w/w), even more
preferably from about 9% to about 13% (w/w), yet more preferably from about
10% to about 12% (w/w) of a first filler comprising concentrated carbon;

(2) from about 35% to about 65% (w/w), such as from about 40% to about 60%
(w/w), from about 45% to about 55% (w/w), from about 50% to about 55%
(w/w) of a second filler (i.e., not concentrated carbon);

(3) from about 2% to about 25% (w/w), such as from about 5% to about 20%
(w/w), more preferably from about 7% to about 17% (w/w), even more
preferably from about 10% to about 15% (w/w), yet more preferably from

about 12% to about 14% (w/w) of a bio-based ester;

33



WO 2020/146681 PCT/US2020/012993

(4) from about 1% to about10% (w/w), such as from about2% to about7% (w/w),
from about 2% to about 5% (w/w), from about 2% to about 4% (w/w), from
about 3% to about4% (w/w) of an oil (preferably but not necessarily bio-based
oil); and

(5) from about 2% to about 30% (w/w), such as from about 5% to about 25%
(w/w), more preferably from about 10% to about 20% (w/w), even more
preferably from about 15% to about 20% (w/w), of a polymer.

[0077] In an embodiment, the backing compound comprises:

(1) from about 20% to about 60% (w/w), such as from about 25% to about 55%
(w/w), more preferably from about 30% to about 55% (w/w), even more
preferably from about 35% to about 50% (w/w), yet more preferably from
about 40% to about 55% (w/w), still more preferably from about 40% to about
50% (w/w) of a first filler comprising concentrated carbon;

(2) from about 0% to about 10% (w/w), such as from about 0% to about5% (w/w)
of a second filler (i.e., not concentrated carbon);

(3) from about 5% to about 35% (w/w), such as from about 10% to about 30%
(w/w), more preferably from about 15% to about 30% (w/w), even more
preferably from about 10% to about 25% (w/w), still more preferably from
about 15% to about 23% (w/w), even still more preferably from about 18% to
about 22% of a bio-based ester;

(4) from about 1% to about10% (w/w), such as from about2% to about7% (w/w),

from about 2% to about 5% (w/w), from about 2% to about 4% (w/w), from
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about 3% to about4% (w/w) of an oil (preferably but not necessarily bio-based
oil); and

(5) from about 5% to about 35% (w/w), such as from about 10% to about 30%
(w/w), more preferably from about 15% to about 30% (w/w), even more
preferably from about 20% to about 30% (w/w), of a polymer.

[0078] In an embodiment, the backing compound comprises:

(1) from about 15% to about 50% (w/w), such as from about 20% to about 45%
(w/w), more preferably from about 25% to about 40% (w/w), even more
preferably from about 30% to about 40% (w/w), yet more preferably from
about 32% to about 38% (w/w) of a first filler comprising concentrated carbon;

(2) from about from about2% to about 30% (w/w), such as from about 5% to about
25% (w/w), more preferably from about 10% to about 20% (w/w), even more
preferably from about 15% to about 20% (w/w) of a second filler (i.e., not
concentrated carbon);

(3) from about 15% to about 50% (w/w), such as from about 20% to about 45%
(w/w), more preferably from about 25% to about 40% (w/w), even more
preferably from about 30% to about 40% (w/w), yet more preferably from
about 35% to about 40% (w/w) of a bio-based ester;

(4) from about 1% to about 15% (w/w), such as from about 2% to about 10%
(w/w), such as from about 3% to about 9% (w/w), from about 4% to about 8%
(w/w), from about 5% to about 7% (w/w), from about 6% to about 7% (w/w)

of an oil (preferably but not necessarily bio-based oil); and
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(®) from about 1% to about 15% (w/w), such as from about 2% to about 10%
(w/w), from about 3% to about 8% (w/w), from about4% to about 6% (w/w),
from about 4% to about 5% (w/w) of a polymer.

[0079] In an embodiment, the backing compound comprises:

(1) from about 0% to about10% (w/w), such as from about 0% to about5% (w/w),
such as from about 1% to about 3% (w/w), such as about 1% to about 2% of a
first filler comprising concentrated carbon;

(2) from about 35% to about 65% (w/w), such as from about 40% to about 65%
(w/w), from about 45% to about 60% (w/w), from about 50% to about 60%
(w/w), from about 55% to about 60% (w/w) of a second filler (i.e., not
concentrated carbon);

(3) from about 2% to about 25% (w/w), such as from about 4% to about 20%
(w/w), more preferably from about 5% to about 15% (w/w), even more
preferably from about 7% to about 12% (w/w), yet more preferably from about
9% to about 11% (w/w) of an oil (preferably but not necessarily bio-based oil);
and

(4) from about 10% to about 45% (w/w), such as from about 20% to about 35%
(w/w), more preferably from about 25% to about 35% (w/w), even more
preferably from about 27% to about 33% (w/w), of a blend of recycled PVC and
recycled carpet.

[0080] Inventive backing compounds (“BC”) having the compositions shown in

Table 4 were prepared as examples. Table 4 also compares the TRACI 2.1 GWP
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estimates of the inventive backing compounds with a conventional backing
compound:

Table 4: Backing Compounds
Conventional Inventive Backing Compounds (BC)

Backing I M | I | IV | V | VI | VII | VIII
Compound

FILLER
concentrated - 14 14 | 825 8 25 | 25 55 25
carbon (%)
recycled filler - - - 16075 72 - - - -
(%)
other filler 68 55.5 | 634 - - 55 | 45 - 45
material (%)

BINDER
bio-based - - - - 156 | 6.5 1234 | 35.1 10
ester (%)
bio-based oil - - 12.6 - 244 | 25 | 365 | 55 -
(%)
recycled - 164 | 10 - - - - - -
material (%)
EVA (%) - - - - 146 | 85| 22 | 33 12.5
PVC (%) 16.5 ; ; I ; ;
SBS (%) - - - 3 -] - ;
bitumen (%) - - - 28 - - - - -
additives (%) 15.5 14.1 - - 05 25075 ] 1.1 7.5

TRACI 21

Gwp*

(kg CO2

eq/m?)

* based only on the material in the backing compound, not a cradle-to-gate life cycle

assessment of the backing compound (i.e., estimate does not include transport of

materials to factories, energy involved in fabricating the product, packaging, and
production wastes and disposal).

+1.8 -1.01 | -08
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Table 4 (continued)
Inventive Backing Compounds (BC)
IX X X1 XII | XIII X1V XV XVI XVII

FILLER
concentrated | 11 50 50 35 14 14 8 33 33
carbon (%)
recycled - - - - - - - - -
filler (%)
other filler 53.5 1 1 16.1 | 58.6 58.6 72 36 37
material (%)
BINDER
bio-based 13.5 | 20 20 36 - - 6.5 18 18
ester (%)
bio-based oil | 3 3 - 6.1 9.8 9.8 2 2 2
(%)
recycled - - - - 30 30 - - -
material (%)
EVA (%) 18 25 25 4.5 - - 8.5 8.5 8.5
PVC (%) - - - - - - - - -
SBS (%) - - - - - - - - -
bitumen (%) - - - - - - - - -
additives (%) | 1 1 4 | 23| o2 0.2 3 25 15
TRACI 21
Gwp*

(kg CO2
eq/m?)

* based only on the material in the backing compound; not a cradle-to-gate life cycle
assessment of the backing compound (i.e., estimate does not include transport of
materials to factories, energy involved in fabricating the product, packaging, and
production wastes and disposal). Specification for each backing = 2.00 kg/m?

-01)-22 | -20 | -27| -01 -0.1 -01 | -18 -1.9

[0081]  The backing compound may be characterised in several ways according to
known industry standards. As one example, the softening point and the consistency
of the material can be determined. The softening point is a measure of the impact of
temperature on the material consistency. The softening point may be determined
using any method known in the art, and can, for example, be determined in
accordance with the method described in EN1427:2007 - Bitumen and bituminous
binders - Determination of the softening point - Ring and Ball method. In suitable

embodiments, the backing compound has a Ring and Ball softening point, as
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determined pursuant to EN1427:2007, in the range of 60 - 180 °C, 70 - 160 °C, 75 - 140
°C, or 80 - 120°C.

[0082]  The consistency of the backing material under specified conditions of
temperature, load, and loading duration may be determined using any method
known in the art, and can, for example, be measured in accordance with EN 1426:2007
— Bitumen and bituminous binders — Determination of needle penetration. The consistency,
also known as needle penetration, is expressed as the distance in tenths of a millimetre
that a standard needle will penetrate into the material. In suitable embodiments, the
backing compound has a needle penetration at 25°C, as determined pursuant to
EN1426:2007, in the range of 0.2 - 200 x 0.Imm, such as 0.5 - 100 x 0.1lmm, 0.8 - 75
x0.Imm, or 1 - 50 x 0.1Tmm.

[0083] As reflected in Table 4, embodiments of the backing compounds described
herein include significantly fewer synthetic and fossil fuel-based materials as
compared to conventional backings. Moreover, the concentrated carbon present in at
least some of the backing compounds can sequester carbon such that the backing
compound, the backing composite, and optionally the resulting floor covering
product, has a negative carbon footprint when subjected to a Life Cycle Assessment
and measured pursuant to TRACI 2.1 methodology. In some embodiments, the
reduction in the carbon footprint of embodiments of the backing compounds
contemplated herein as compared to the conventional backing compound is at least
4 kg CO2/m?, at least 3.5 kg CO2/m?, or at least 3.5 kg COz/m?.

[0084]  Optionally, the backing layer can include one or more substrates adhered

to or provided/embedded within the backing compound to form a backing
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composite. The substrate may be, for example, a glass veil, glass scrim, foam layer, or
nonwoven covering (e.g. fleece). Optionally, the substrate can be located on the
underside of the backing compound, such as a protective layer (e.g., fleece) to prevent
the backing compound from sticking on or damaging the floor.

[0085]  In some embodiments, the floor coverings described herein can sequester
carbon such that the resulting product has a negative carbon footprint when subjected
to a Life Cycle Assessment and measured pursuant to TRACI 2.1 methodology. The
GWP of several carpet tiles (“CT”) consistent with certain embodiments described
herein are compared to a conventional carpet tile in Table 5.

Table 5: Carpet Tiles

Conventional Inventive Carpet Tiles
Carpet Tile CT1I CTII CT III
Half Cloth Conventional HCI HCI HCII
(Tables 2, 3) (Table 3) (Table 3) (Table 3)
Backing Composite
Backing Compound Conventional BCX BC XI BC XII
(Table 4) (Table 4) (Table4) | (Table4)
Backing Substrate* Fiberglass layer Fiberglass Fiberglass | Fiberglass
layer layer layer
TRACI 2.1 GWP
(kg CO2 eq/m?) 6.8 -11to-1.0 | -0.9to-0.8 | -1.3 to -1.2
(materials only**)
TRACI 2.1 GWP
(kg CO2 eq/m?) 7.3 -0.6to-05 |-0.4to0o-0.3 |-0.8to-0.7
(estimated cradle-to-gate***)

*not included in GWP, but identical for the conventional and inventive carpet tiles
** based only on the material in the backing compound.

Fekeke

includes an estimate for the contribution of transport of materials to factories,

energy involved in fabricating the product, packaging, and production wastes and

disposal

[0086]  The floor coverings described above may be provided in any size or shape

and may be used in a variety of different applications. In some embodiments a floor
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covering is provided in discrete tiles. For example, it may be provided in 50cm x 50cm
or Im x 1m square tiles. The tiles may be used in a variety of different interior
applications, including, but not limited to, floor covering applications, wallcovering
applications, countertops, backsplashes, etc.

[0087] A floor covering described herein can conform with a class designated by
European classification EN1307- 2014: Textile floor coverings - Classification. This
European Standard specifies the requirements for classification of all textile floor
coverings and carpet tiles, excluding rugs and runners (see ISO 2424:2007 - Textile floor
coverings - Vocabulary), into use classes with regard to one or more of the following
properties: wear, appearance retention, additional performance properties and classes
for luxury rating.

[0088]  The floor coverings described herein can be prepared by standard methods
known in the art. As one example, a floor covering described herein can be prepared
by providing a textile top cloth with a top surface including yarn or fibers and a
bottom surface including a precoat layer, providing a backing layer as described
herein, and applying the backing layer onto the precoat layer on the bottom surface of
the textile top cloth.

[0089]  The floor coverings described herein can be installed on any interior surface.
In some embodiments, a floor covering is installed by adhering it to an underlying
surface. Optionally, the floor covering may be installed using a pressure sensitive
adhesive that holds the floor covering in place during use but that permits removal of
at least a portion of the floor covering, e.g., one or more tiles, without destroying the

removed portion of the floor covering. In other embodiments, individual tiles of the
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floor covering are attached to each other but not to the underlying surface so as to
create a floating installation. For example, the tiles may be held together using
adhesive bearing connectors, such as disclosed in U.S. Patent No. 7,464,510.
Alternatively, a mechanical locking system may be formed along the edges of the
modules (such as in the core) such that adjacent modules interlock to each other. One
example of such a “click-lock” system is disclosed in U.S. Patent Application No.
2016/0208500, the entirety of which is herein incorporated by reference.

Examples

[0090] Example 1. A floor covering comprising an upper wear layer and a backing
compound, wherein the backing compound comprises a binder and at least one filler,
wherein the at least one filler comprises concentrated carbon.

[0091] Example 2. The floor covering of example 1, wherein the concentrated carbon
has a carbon content of at least 85 %.

[0092] Example 3. The floor covering of example 1 or example 2, wherein the
concentrated carbon comprises less than 40 ppm of total polyaromatic hydrocarbons
(PAH) and less than 15 ppm of total heavy metals.

[0093] Example 4. The floor covering of any one of example 1 to example 3, wherein
the concentrated carbon has a particle size from about 0.01 pm to about 3 mm.

[0094] Example 5. The floor covering of any one of example 1 to example 4, wherein
the concentrated carbon is present in the backing compound at a weight percent from

about 1 % to about 60 % by weight.
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[0095] Example 6. The floor covering of example 5, wherein the concentrated carbon
is present in the backing compound at a weight percent from about 10 % to about 50
% by weight.

[0096] Example 7. The floor covering of example 6, wherein the concentrated carbon
is present in the backing compound at a weight percent from about 20 % to about 50
% by weight.

[0097] Example 8. The floor covering of example 7, wherein the concentrated carbon
is present in the backing compound at a weight percent from about 30 % to about 50
% by weight.

[0098] Example 9. The floor covering of any one of example 1 to example 8, wherein
the at least one filler comprises a first filler comprising the concentrated carbon and a
second filler comprising a silicate, a silica, an oxide of silica, a carbonate, a sulfate, an
oxide of antimony, aluminum trihydrate, calcium oxide, fly ash, carbon black, talcum,
a clay, kaolin, wood chips, wood flour, shell flour, a plant material, or a recycled
material.

[0099] Example 10. The floor covering of example 9, wherein the first filler and the
second filler are present in the backing compound at a combined weight percent from
about 40 % to about 70 % by weight.

[0100] Example 11. The floor covering of example 10, wherein the first filler and the
second filler are present in the backing compound at a combined weight percent from
about 50 % to about 70 % by weight.

[0101] Example 12. The floor covering of any one of example 1 to example 11,

wherein the binder comprises a bio-based ester.
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[0102] Example 13. The floor covering of example 12, wherein the bio-based ester
comprises an esterified rosin, hydrogenated rosin, phenolic rosin, or terpenic rosin.
[0103] Example 14. The floor covering of example 12 or example 13, wherein the bio-
based ester is present in the backing compound at a weight percent from about 5 % to
about 40 % by weight.

[0104] Example 15. The floor covering of any one of example 1 to example 14,
wherein the binder comprises an oil, and wherein the oil comprises a plant, animal, or
algae derived oil.

[0105] Example 16. The floor covering of example 15, wherein the oil comprises a
plant derived oil and where the plant derived oil comprises rapeseed oil, , sunflower
oil, , soybean oil, , palm oil, castor oil, coconut oil, or refined versions thereof.

[0106] Example 17. The floor covering of example 15 or example 16, wherein the
plant, animal, or algae derived oil is present in the backing compound at a weight
percent from about 2 % to about 15 % by weight.

[0107] Example The floor covering of any one of example 1 to example 17, wherein the
binder comprises a polymer.

[0108] Example 19. The floor covering of example 18, wherein the polymer is present
in the backing compound at a weight percent no greater than 30% by weight.

[0109] Example 20. The floor covering of example 18 or example 19, wherein the
polymer comprises recycled polyvinyl chloride (PVC) or ethylene vinyl acetate (EVA).
[0110] Example 21. The floor covering of any one of example 1 to example 20,

wherein the binder is essentially free of virgin PVC.
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[0111] Example 22. The floor covering of any one of example 1 to example 21,
wherein the floor covering is a carpet tile and the upper wear layer comprises a half
cloth comprising yarn tufted into a tufting primary fabric and a precoat provided on
an underside of the tufting primary fabric.

[0112] Example 23. The flooring covering of example 22, wherein the half cloth
comprises a yarn face weight of no more than 18 osy.

[0113] Example 24. The floor covering of example 23, wherein the half cloth
comprises a yarn face weight of no more than 12 osy.

[0114] Example 25. The floor covering of any one of example 22 to example 24,
wherein the yarn comprises recycled nylon 6 or nylon 6,6.

[0115] Example 26. The floor covering of any one of example 22 to example 25,
wherein the yarn comprises a denier of 900-1800, inclusive.

[0116] Example 27. The floor covering of example 26, wherein the yarn comprises a
denier of 1200-1800, inclusive.

[0117] Example 28. The floor covering of any one of example 22 to example 27,
wherein the half cloth comprises a tuft density of 140-300 tufts per inch, inclusive.
[0118] Example 29. The floor covering of any one of example 22 to example 28,
wherein the yarn comprises a tuft height between 2/32 inches and 3/32 inches,
inclusive.

[0119] Example 30. The floor covering of any one of example 22 to example 29,
wherein the carpet tile achieves a rating of equal to or greater than 3.5 pursuant to the
rating scale set forth in ASTM D7330-2015 when the carpet tile is subjected to the test

method set forth in ASTM D5252-2015.

45



WO 2020/146681 PCT/US2020/012993

[0120] Example 31. The floor covering of any one of example 22 to example 30,
wherein the precoat comprises a filler comprising concentrated carbon.

[0121] Example 32. The floor covering of any one of example 22 to example 31,
wherein the precoat is devoid of a filler.

[0122] Example 33. The floor covering of any one of example 22 to example 32,
wherein the precoat comprises a weight less than about 18 osy.

[0123] Example 34. The floor covering of any one of example 22 to example 33,
wherein the half cloth comprises a weight from about 14 osy to about 35 osy.

[0124] Example 35. The floor covering of any one of example 1 to example 34,
wherein the floor covering comprises a backing composite comprising the backing
compound and a substrate, and wherein the backing composite is flexible.

[0125] Example 36. The floor covering of any one of example 1 to example 35,
wherein the backing compound comprises a negative global warming potential
(GWP) based on materials, calculated using TRACI 2.1 methodology

[0126] Example 37. The floor covering of any one of example 1 to example 36,
wherein the entire floor covering comprises a negative cradle-to-gate GWP calculated
using TRACI 2.1 methodology.

[0127] Example 38. A floor covering comprising an upper wear layer and a backing
compound, wherein at least one of the upper wear layer or the backing compound
comprises a negative GWP based on materials, calculated using TRACI 2.1
methodology.

[0128] Example 39. The floor covering of example 38, wherein the backing compound

comprises a binder and at least one filler, and wherein the at least one filler comprises
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concentrated carbon present in the backing compound at a weight percent from about
1 % to about 60 % by weight.

[0129] Example 40. The floor covering of example 39, wherein the at least one filler
comprises a first filler comprising the concentrated carbon and a second filler
comprising a silicate, a silica, an oxide of silica, a carbonate, a sulfate, an oxide of
antimony, aluminum trihydrate, calcium oxide, fly ash, carbon black, talcum, a clay,
kaolin, wood chips, wood flour, shell flour, a plant material, or a recycled material.
[0130] Example 41. The floor covering of example 40, wherein the first filler and the
second filler are present in the backing compound at a combined weight percent from
about 40 % to about 70 % by weight.

[0131] Example 42. The floor covering of any one of example 39 to example 41,
wherein the binder further comprises a bio-based ester present in the backing
compound at a weight percent from about 5 % to about 40 % by weight.

[0132] Example 43. The floor covering of any one of example 39 to example 42,
wherein the binder comprises a bio-based oil present in the backing compound at a
weight percent from about 2 % to about 15 % by weight.

[0133] Example 44. The floor covering of any one of example 39 to example 43,
wherein the binder comprises a polymer present in the backing compound at a weight
percent no greater than 30% by weight.

[0134] Example 45. The floor covering of any one of example 39 to example 44,
wherein the binder is essentially free of virgin PVC.

[0135] Example 46. The floor covering of any one of example 38 to example 45,

wherein the floor covering is a carpet tile and the upper wear layer comprises a half

47



WO 2020/146681 PCT/US2020/012993

cloth comprising yarn tufted into a tufting primary fabric and a precoat provided on
an underside of the tufting primary fabric.

[0136] Example 47. The flooring covering of example 46, wherein the half cloth
comprises a yarn face weight of no more than 18 osy.

[0137] Example 48. The floor covering of example 46 or example 47, wherein the yarn
comprises recycled nylon 6 or nylon 6,6.

[0138] Example 49. The floor covering of any one of example 46 to example 48,
wherein the yarn comprises a denier of 1200-1800, inclusive.

[0139] Example 50. The floor covering of any one of example 46 to example 49,
wherein the precoat comprises a filler comprising concentrated carbon.

[0140] Example 51. The floor covering of any one of example 46 to example 50,
wherein the precoat is devoid of a filler.

[0141] Example 52 The floor covering of any one of example 46 to example 51,
wherein the precoat comprises a weight less than about 18 osy.

[0142] Example 53. The floor covering of any one of example 46 to example 52,
wherein the half cloth comprises a weight from about 14 osy to about 35 osy.

[0143] Example 54. A flexible backing compound comprising a binder and a filler,
wherein the binder comprises a bio-based ester, a bio-based oil, and a polymer, and
wherein the filler comprises concentrated carbon.

[0144] Example 55. The flexible backing compound of example 54, wherein the
polymer is ethylene vinyl acetate.

[0145] Example 56. The flexible backing compound of example 54 or example 55,

wherein the binder does not comprise polyvinyl chloride.
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[0146] Example 57. The flexible backing compound of any one of example 54 to
example 56, wherein the bio-based ester is present in the backing compound in a
weight percent from about 10 % to about 40 % by weight, wherein the bio-based oil is
present in the backing compound in a weight percent from about 2 % to about 10 %
by weight, wherein the polymer is present in the backing compound in a weight
percent no greater than 30 % by weight, and wherein the concentrated carbon is
present in the backing compound in a weight percent of about 10 % to about 55 % by
weight.

[0147] Example 58. The flexible backing compound of any one of example 54 to
example 57, wherein the filler further comprises calcium carbonate.

[0148] Example 59. The flexible backing compound of any one of example 54 to
example 57, wherein the backing compound comprises a negative global warming
potential (GWP) based on materials, calculated using TRACI 2.1 methodology.

[0149] It will be understood that although the description of the floor coverings
disclosed herein may refer to one or more “layers,” once a floor covering is processed
and ready for installation, the floor covering may be a bonded unitary integral
structure in which the individual layers or the boundaries between the individual
layers are not necessarily readily discernible and/or in which the individual layers
are not separable from one another.

[0150] The subject matter of embodiments of the present invention is described
herein with specificity to meet statutory requirements, but this description is not
necessarily intended to limit the scope of the claims. The claimed subject matter may

be embodied in other ways, may include different elements or steps, and may be used

49



WO 2020/146681 PCT/US2020/012993

in conjunction with other existing or future technologies. This description should not
be interpreted as implying any particular order or arrangement among or between
various steps or elements except when the order of individual steps or arrangement
of elements is explicitly described.

[0151] Examples of the invention have been described for illustrative and not
restrictive purposes, and alternative examples will become apparent to readers of this
patent. Accordingly, the present invention is not limited to the examples described
above, and various examples and modifications may be made without departing from

the scope of the invention.
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Claims

1. A floor covering comprising an upper wear layer and a backing compound,
wherein the backing compound comprises a binder and at least one filler, wherein

the at least one filler comprises concentrated carbon.

2. The floor covering of claim 1, wherein the concentrated carbon has a carbon

content of at least 85 %.

3. The floor covering of claim 1 or claim 2, wherein the concentrated carbon
comprises less than 40 ppm of total polyaromatic hydrocarbons (PAH) and less than
15 ppm of total heavy metals.

4. The floor covering of any one of claim 1 to claim 3, wherein the concentrated

carbon has a particle size from about 0.01 pm to about 3 mm.

5. The floor covering of any one of claim 1 to claim 4, wherein the concentrated
carbon is present in the backing compound at a weight percent from about 1 % to

about 60 % by weight.

6. The floor covering of claim 5, wherein the concentrated carbon is present in

the backing compound at a weight percent from about 10 % to about 50 % by weight.

7. The floor covering of claim 6, wherein the concentrated carbon is present in

the backing compound at a weight percent from about 20 % to about 50 % by weight.

8. The floor covering of claim 7, wherein the concentrated carbon is present in

the backing compound at a weight percent from about 30 % to about 50 % by weight.

9. The floor covering of any one of claim 1 to claim 8, wherein the at least one
filler comprises a first filler comprising the concentrated carbon and a second filler
comprising a silicate, a silica, an oxide of silica, a carbonate, a sulfate, an oxide of
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antimony, aluminum trihydrate, calcium oxide, fly ash, carbon black, talcum, a clay,

kaolin, wood chips, wood flour, shell flour, a plant material, or a recycled material.

10.  The floor covering of claim 9, wherein the first filler and the second filler are
present in the backing compound at a combined weight percent from about 40 % to

about 70 % by weight.

11.  The floor covering of claim 10, wherein the first filler and the second filler are
present in the backing compound at a combined weight percent from about 50 % to

about 70 % by weight.

12.  The floor covering of any one of claim 1 to claim 11, wherein the binder

comprises a bio-based ester.

13.  The floor covering of claim 12, wherein the bio-based ester comprises an

esterified rosin, hydrogenated rosin, phenolic rosin, or terpenic rosin.

14. The floor covering of claim 12 or claim 13, wherein the bio-based ester is
present in the backing compound at a weight percent from about 5 % to about 40 %

by weight.

15.  The floor covering of any one of claim 1 to claim 14, wherein the binder

comprises an oil, and wherein the oil comprises a plant, animal, or algae derived oil.

16.  The floor covering of claim 15, wherein the oil comprises a plant derived oil
and where the plant derived oil comprises rapeseed oil, , sunflower oil, , soybean oil,

, palm oil, castor oil, coconut oil, or refined versions thereof.

17. The floor covering of claim 15 or claim 16, wherein the plant, animal, or algae
derived oil is present in the backing compound at a weight percent from about 2 %

to about 15 % by weight.
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18.  The floor covering of any one of claim 1 to claim 17, wherein the binder

comprises a polymer.

19.  The floor covering of claim 18, wherein the polymer is present in the backing

compound at a weight percent no greater than 30% by weight.

20.  The floor covering of claim 18 or claim 19, wherein the polymer comprises

recycled polyvinyl chloride (PVC) or ethylene vinyl acetate (EVA).

21.  The floor covering of any one of claim 1 to claim 20, wherein the binder is

essentially free of virgin PVC.

22.  The floor covering of any one of claim 1 to claim 21, wherein the floor
covering is a carpet tile and the upper wear layer comprises a half cloth comprising
yarn tufted into a tufting primary fabric and a precoat provided on an underside of

the tufting primary fabric.

23.  The flooring covering of claim 22, wherein the half cloth comprises a yarn face

weight of no more than 18 osy.

24.  The floor covering of claim 23, wherein the half cloth comprises a yarn face

weight of no more than 12 osy.

25.  The floor covering of any one of claim 22 to claim 24, wherein the yarn

comprises recycled nylon 6 or nylon 6,6.

26.  The floor covering of any one of claim 22 to claim 25, wherein the yarn

comprises a denier of 900-1800, inclusive.
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27.  The floor covering of claim 26, wherein the yarn comprises a denier of 1200-

1800, inclusive.

28.  The floor covering of any one of claim 22 to claim 27, wherein the half cloth

comprises a tuft density of 140-300 tufts per inch, inclusive.

29.  The floor covering of any one of claim 22 to claim 28, wherein the yarn

comprises a tuft height between 2/32 inches and 3/32 inches, inclusive.

30.  The floor covering of any one of claim 22 to claim 29, wherein the carpet tile
achieves a rating of equal to or greater than 3.5 pursuant to the rating scale set forth
in ASTM D7330-2015 when the carpet tile is subjected to the test method set forth in
ASTM D5252-2015.

31.  The floor covering of any one of claim 22 to claim 30, wherein the precoat

comprises a filler comprising concentrated carbon.

32.  The floor covering of any one of claim 22 to claim 31, wherein the precoat is

devoid of a filler.

33.  The floor covering of any one of claim 22 to claim 32, wherein the precoat

comprises a weight less than about 18 osy.

34.  The floor covering of any one of claim 22 to claim 33, wherein the half cloth

comprises a weight from about 14 osy to about 35 osy.
35.  The floor covering of any one of claim 1 to claim 34, wherein the floor

covering comprises a backing composite comprising the backing compound and a

substrate, and wherein the backing composite is flexible.
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36.  The floor covering of any one of claim 1 to claim 35, wherein the backing
compound comprises a negative global warming potential (GWP) based on

materials, calculated using TRACI 2.1 methodology

37.  The floor covering of any one of claim 1 to claim 36, wherein the entire floor
covering comprises a negative cradle-to-gate GWP calculated using TRACI 2.1
methodology.

38. A floor covering comprising an upper wear layer and a backing compound,
wherein at least one of the upper wear layer or the backing compound comprises a

negative GWP based on materials, calculated using TRACI 2.1 methodology.

39.  The floor covering of claim 38, wherein the backing compound comprises a
binder and at least one filler, and wherein the at least one filler comprises
concentrated carbon present in the backing compound at a weight percent from

about 1 % to about 60 % by weight.

40. The floor covering of claim 39, wherein the at least one filler comprises a first
filler comprising the concentrated carbon and a second filler comprising a silicate, a
silica, an oxide of silica, a carbonate, a sulfate, an oxide of antimony, aluminum
trihydrate, calcium oxide, fly ash, carbon black, talcum, a clay, kaolin, wood chips,

wood flour, shell flour, a plant material, or a recycled material.

41.  The floor covering of claim 40, wherein the first filler and the second filler are
present in the backing compound at a combined weight percent from about 40 % to

about 70 % by weight.
42.  The floor covering of any one of claim 39 to claim 41, wherein the binder

further comprises a bio-based ester present in the backing compound at a weight

percent from about 5 % to about40 % by weight.
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43.  The floor covering of any one of claim 39 to claim 42, wherein the binder
comprises a bio-based oil present in the backing compound at a weight percent from

about 2 % to about 15 % by weight.

44.  The floor covering of any one of claim 39 to claim 43, wherein the binder
comprises a polymer present in the backing compound at a weight percent no

greater than 30% by weight.

45.  The floor covering of any one of claim 39 to claim 44, wherein the binder is

essentially free of virgin PVC.

46.  The floor covering of any one of claim 38 to claim 45, wherein the floor
covering is a carpet tile and the upper wear layer comprises a half cloth comprising
yarn tufted into a tufting primary fabric and a precoat provided on an underside of

the tufting primary fabric.

47.  The flooring covering of claim 46, wherein the half cloth comprises a yarn face

weight of no more than 18 osy.

48. The floor covering of claim 46 or claim 47, wherein the yarn comprises

recycled nylon 6 or nylon 6,6.

49.  The floor covering of any one of claim 46 to claim 48, wherein the yarn

comprises a denier of 1200-1800, inclusive.

50.  The floor covering of any one of claim 46 to claim 49, wherein the precoat

comprises a filler comprising concentrated carbon.

51.  The floor covering of any one of claim 46 to claim 50, wherein the precoat is

devoid of a filler.
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52 The floor covering of any one of claim 46 to claim 51, wherein the precoat

comprises a weight less than about 18 osy.

53.  The floor covering of any one of claim 46 to claim 52, wherein the half cloth

comprises a weight from about 14 osy to about 35 osy.

54. A flexible backing compound comprising a binder and a filler, wherein the
binder comprises a bio-based ester, a bio-based oil, and a polymer, and wherein the

filler comprises concentrated carbon.

55.  The flexible backing compound of claim 54, wherein the polymer is ethylene

vinyl acetate.

56.  The flexible backing compound of claim 54 or claim 55, wherein the binder

does not comprise polyvinyl chloride.

57.  The flexible backing compound of any one of claim 54 to claim 56, wherein
the bio-based ester is present in the backing compound in a weight percent from
about 10 % to about 40 % by weight, wherein the bio-based oil is present in the
backing compound in a weight percent from about 2 % to about 10 % by weight,
wherein the polymer is present in the backing compound in a weight percent no
greater than 30 % by weight, and wherein the concentrated carbon is present in the

backing compound in a weight percent of about 10 % to about 55 % by weight.

58.  The flexible backing compound of any one of claim 54 to claim 57, wherein

the filler further comprises calcium carbonate.
59.  The flexible backing compound of any one of claim 54 to claim 57, wherein the

backing compound comprises a negative global warming potential (GWP) based on

materials, calculated using TRACI 2.1 methodology.
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