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LYT FORMULATION AND DRUM SURFACE FOR ACHIEVING IMPROVED DRUM
TACK WHILE MAINTAINING GOOD CUT SMOOTHNESS

BACKGROUND

{31} Flooring systems consiructed of vinyl and other materials are known in the art. Flooring
systems constructed of a number of flooring panels — specifically vinyl panels - are known as
fuxury vinyl tile, or LVT, Flooring systems generally have a decorative pattern on the visible
surface to provide an acsthetically plessing appearance.  Previously, vinyl panels were
formuinted with base layver comprising binder and filler, wherein the filler has very fine particle
sizes. However, such filler particle sizes result in insdequate drum tack during processing,
theraby causing the base layer to ship relative to the processing equipment.  Such slippage not
only slows production but can also degrade the aesthetic appearance of each flooring panel as
decorative features from one laver may not match up with topographical features provided to a
subsequent layer. Thus, there exists a need for Aooring panels that exhibit enhanced drum tack
during processing while not sacrificing the other desirable propertiss of the flooring paned, such

as shrinkage and edge smocthness,
BRIEF SUMMARY

{8821 In ose aspect, the invention may be s floor panel comprising: a base layer comprising: 2
binder; and a filer having a particle size distribution such that about 6 wit. % 10 80 wt. % by
weight of the filler passing through a 200 mesh screen.

{0683] In another aspect, the present invention may be a method of forming a floor panel
comprising forming a base sheet from a binder and a filler having a particle size distribution such
that about 6 wi. % to about 80 wi. % of the filler passes through a 200 mesh screen; ringing the
base sheet into contact with an owmter surface of a rotating drum, the base sheet adhering to the
rotating deum, the owter surface of the rotating drum having an average surface roughness greater
than & microinches; and feeding the base sheet through one or more process stations while the
base sheet remains adhered to the outer surface of the rotating drum, thereby forming a laminate
sheet.

8004} Further arcas of applicability of the present invention will become apparent from the

detailed description provided hereinafier, I should be understood that the detailed desoription

s
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and specific examples, while indicating the preferred embodiment of the invention, are intended

for purposes of tlusiration only and are pot intended to limi¢ the scope of the invention.
BRIEF DESCRIPTION OF THE DRAWINGE

(BOB5] The present mvention will become more fully understood from the detailed description
and the accompanying drawings, wherein

{60061 Figure | 15 a top perspective view of a floor panel according 1o the present invention.
{0007} Figure 7 15 a cross-sectional view of the foor panel along the line B-H of Figmré i

[B008] Figure 3 is a schematic Hlusiration of a system used w form a floor panel according 0 an

embodiment of the present invention.
DETAILED DESCRIPTION

{B08%1 The following description of the preferred embodiment{s} is merely exemplary in nature
gnd 18 in no way inlended (o Hmit the invention, its applicalion, OF Uses,

(00187 As used throughout, ranges are used as shonhand for describing each and every value
that is within the range. Any value within the range can be selected as the terminus of the range.
fn addstion, all references cited herein are hereby incorporated by referenced in their entireties,
In the event of a conflict in a definition in the present disclosure and that of a cited reference, the
present disclosure controls.

{68111 Unless otherwise specified, all percentages and amounts expressed herein and elsewhere
iy the specification should be understood to refer 1o porcentages by weight, The amounts given
are based on the active weight of the msterial. For the purposes of the present invention, the
ter “about’” means /- 3% of the referred to amount.

(80121 The present invention is directed 10 3 flooring panel, which can be installed in 2 system.
The present invention further includes a method for making the flooring pansl. The flooring
panel comMprising may comprise one of more lavers ~ including a base layer, A plurality of the
flooring pancls may be instalied in a room environment 1o creale 3 flooring systeny, wherein at
ieast two of the flooring panels are positioned adjocent to each other.

{8013] The Aooring panel of the present invention may be a Luxury Vinyl Tile (CLYT), & Vind
Composition Floor Tile "YCT7}, or 2 Solid Vinyl Floor Tile ("5YT7) According to the present
invention, “luxury vinyd tile” is an undersiond term of art in the flooring industry. According to

ASTM F 1066, “Vinyl Composition Floor Tile™ (VOT) is an accepied official standard category

2
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for flooring materials within the flooring industry. Similarly, sccording to ASTM F 1066, "Solid
Vinyt Floor Tile” {(8VT} is an accepted official standard category for floonng materials within
the floonng industry.

{8014} Reforring now to FIGS. 1-2 concurrently, the flooring panel | according to the present
invention is Hlustrated. The flooring panel | comprises an uppenmost exposed surface 3 and a
lowermost exposed surface 2 that i3 opposite the uppermost exposed surface 3. In the
gxemplified embodiment, the fooring panel 1 comprises a plurality of layers that are lominated
wogether, The plurality of layers may include, but are oot Hmited to, a base layer 10, » print layer
20, a wear layer 30, and a top-filoy layer 40,

FB815] The base layer 10 comprises an upper base surface 12 and a lower base surface 11 that is
oppostie the apper base surface 12, The print layer 20 comprises an upper print surface 22 and a
lpwer print surface 21 that s opposite the upper print surface 22, The wear layer 30 comprises
an upper wear surface 32 and g lower wear surfuce 31 that is opposite the upper wear surface 32,
The top-film layer 40 comprises an upper top-film surface 42 and a lower top-film surface 41
that 18 opposiie the upper top-film surface 42.

{8014} In some embodiments, the print layer 20 may be laminated directly on the base layer 10
such that the upper base surface 12 of the base layer 10 contacts the lower print surface 21 of the
print layer 20, In some embodinments, the wear layer 30 may be laminated directly on the print
fayer 20 such that the lower wear surface 31 contacts the upper print surface 23 of the print laysr
28, In some embodiments, the print layver 20 may be omitted from the fooring panel | and the
wear laver 30 may be laminated direcily on the base layer 10 such that the lower wear surface 31
comacts the upper base surface 12 of the base laver 12 (not pictured). In some embodiments, the
top-film layver 40 may be directly laminsted on the wear layer 30 such that the lower top-film
surface 41 of the top-film 40 contacts the upper wear surface 32 of the wear layer 30,

(80171 As best shown in FHE 2, the lowermost exposed surface 2 of the flooring panel i
comprises the lower base surface 1 of the base layer 10 while the uppermost exposed surface 3
of the Hooring panel | comprises the upper wp-film surface 42 of the op-film layer 40, In
certain other embodiments, the op-film layer 40 may be omitted from the floornng panel and
uppermost exposed surface 3 of the fooring panel 1 may comprise the vpper wear surface 32 of
the wegr layer 30 (not pictured). Additionally, the uppermost gxposed surface 3 of the flooring

panel | may comprise embossed featurss 3
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{5018} In cortain embodiments, the top-film layer 40 comprises vinyl polymer, such as polyvinyl
chioride (PYC) or polyvinvlidene chioride (PVDO). The top-film laver 40 may be a rigid vinyl
film (KVF} baving a top-film thickness measured from the upper top-film surface 42 o the lower
top-filn surface 41, The op-film thickness, in cerialn embodiments, ranges from about 3 mils o
about 10 mils ~ including all sub-ranges and values there-between,

{19 In cortnin smbodiments, the wear layer 3 comprises a polymer and an abrasion resistant
particle.  Non-limiting examples of polymer include vioybpolymer, acrylic polymer, and
combination thereof. Non-limiting examples of vinvi-polvmer include PVC, PVDO, or a
combination thereol, Non-limiting examples of acrylic polymer include PMMA. Non-limiting
examples of abrasion resistant pwticles may compriss silica, alumina, quartz, glass, silicon
carbide, and @ combination thereof., The wear layer 30 may funther comprise a plasticiaer -
inciuding, but not lunited to, phthalote ester plasticizers,

(8038} In the exemplificd embodiment, the wear laver 30 s g nigid vinyt fim (RVF). The wear
fayer 30 has a wear thickness as measured from the upper wear surface 32 to the lower wear
surface 31. The wear thickness is of at least 3 mils or more o provide a durable and long lasting
wear layer for protecting the base layer 10 The wear thickness, in certain smbodiments, may
range from about 3 mils to about 40 mils, preferably from abowt & mils to abowt 20 mils ~
including all values and sub-ranges there-between. Exemplary embodiments may have a degired
RVYF thickness of about 20-40 mils which are suitable for LVT commercial application o
provide satisfactory wear resistance performance o withstand beavy foot and other taffic. In
one embodiment, a 20 mil RYF wear fayer 30 may be usad.

{321 Semi-rigid vinyl films (Semi-RVF), which film composition contalns a plasticizer, may
also be used in the present process. Utilizing 2 semi-RVFE may require additional post-produgt
snnealing steps 1o impant proper dimensional stability o the floonng panel L

[8G22] The pring layer 20 may be a rigid or semi-rigid PYC or a celiulosic subsirate with ink
printed on the upper pring surface 20 of the print layer 20, thereby forming a decorative pattern.
The print layer 20 hos a print thickness ranging from about § pm {(micron) to about § wm ~
including all values and sub-ranges there-betwesn. The decorative pattern may include marks
that resemble wood grain, stone, or the like.

{B023] The base layer 1 has a base thickness as measured from the upper base surface 12 o the

iower base surface T The base thickness, In cenain embodiments, ranges from about 80 mils o
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about 180 mils ~ Including all sub-ranges and values there-between, The base layer 10 may
comprise of a binder and filler, and optionally a plasticizer,

[B024] The binder may include polymer, such as vinyl polymer. Non-limiting examples of vinyl
polymer include polyvinyt chloride (PVC), polyvinviidene chioride (FVD(C), and combinations
thereof, The polymer may be a low molecular weight polymer, baving a K value ranging from
abouwt 36 1o about 38 - including all values and sub-ranges there-between. K value being an
empirical parameter closely reluted o intrinsic viscosy based estimate of statistical molecular
mass of polymernc matenial ~ particolurly PYC, The polymer may comprise a medium molecular
weight polvmer having a K value of about 65 (w0 about 87,

[B025] The plasticizer may comprise one or more phthalate ester compounds, phosphoric acid
derivatives, esters of sehacic acid, glyeolates, glycol derivatives of benzoic acid, epoxidized
sovbean oil fatty acids, chiorinated paraffin, pandally-hydrogenated terphenyls, and esters of
adipic acid.

{0UE6] Non-limiting examples of phthalate esters include dibutyl phthalate, dibexyl phihalate,
dicciyl phihalate, ditsooctyl phthalaie, di-Zoethyihexyl phthalate, dinonyl phthalate,
ditsodecy! phihalate, dicapryl phthalate, butyl ocivi phthalate, butyl cvelohexylphthalate, butvl
benzyl phthalate — a5 well ag the corresponding isomers of terephthalate and isophthalae. Non-
fimiting cxamples of phosphoric scid derivatives  include ricresyl phosphate,  triphenyl
phosphate, Z-ethylhexyl diphenyl phosphate,  Non-limiting examples of gsters of sebacic acid
include dibutyl sebucate and di-Z-ethylhexyl sebocate.  Non-limiting examples of glyeolutes
include methy! phthalyl methyl glycolute, ethyl phithalyl ethyl glveolate, butyl phthalyl buivl
glycolate, dibenzyl diglycolate,  Nop-limiting examples of glyeol derivatives of benzoic acid
include diethylene glyco! dibenzoste and dipropyiene glyeol dibenzoate,

{66271 The fller may comprise organic material, inorganic material, and combination thereof
Specifically, the organic material may comprise organic fibers, organic particuludes, and 2
combination thereof. The inorganic filler may comprise inorganic fibers, inorganic particulates,
and a combination thereof,

{00287 The base layer may comprise about 20 wi. % to about 40 wi. % of binder ~ including dl
sub-ranges and values there-between, The base layer may comprise about 30 wi. % to about 80
wt. % of filler ~ including all sub-ranges and values thers-between., The base layer may further

comnprise plasticizer in an amount ranging froms abowt 20 wi % o sbout 40 wi. % boased on the
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total weight of the binder - including all sub-ranges and values there-between. Stated otherwise,
the binder and plasticizer may be present in the base laver in g weight ratio that ranges from
about 4:1 to abour 2.5: L

(80429} In cortain embodiments, the base layer comprises about binder in an amount ranging from
22 wi. % to about 37 wi. % based on the toial weight of the base layer, about 50 wi. % o about
77 wi, % of filler base on the ol weight of the base layer, and plasticizer in an amount ranging
from about 22 wt. % 10 35 wi. % based on the total weight of the binder ~ including all valuex
and sub-ranges there-between. In a preferred embodiment, the base layer comprises binder in an
amount ranging from about 25 wi. % 10 about 33 wi. % based on the wotal weight of the base
fayer, filler in an smount ranging from about 85 wi. % to about 75 wi. % based on the total
weight of the base layer, and plasticizer in an amount ranging from about 25 wi. % 1o about 30
wi, % based on the wotal weight of the binder ~ including ] values and sub-ranges there-
between,

(D838 Non-limiting examples of organic filler includes micro-fibers of various widths, As used
horein, the term “micro-fiber” refers to any fiber having o dimension that is on the order of
micrometers (108 meters), Tn some embodiments, the micro-fibers have a diameter of less than
about 1300 micrometers, a diameter of less than about 10D micrometers, a dinmeter of less than
about 38 micrometers, o diameter of less than about 10 micrometers, o diwmneter rnge of about
1) micrometars o about 15300 micrometers, o diameter range of about 10 micrometers o ghowt
000 micrometers, » diameter range of about 20 mucromeiers 10 aboot 500 micromelers, a
diometer range of sbout 3} micrometers 1o shout 300 micrometers, & dlameter range of about 100
micrometers to about 300 micrometers, g diumeter runge of about 20 micromsters o abowt 400
micrometers, or a dismeter range of about 40 micrometers o about 200 micrometers ~ including
&l values and sub-ranges there-between., The organic filler may be present in the base layer in
an amount ranging from O wt % 1o about 20 wt, % - includiog all sub-ranges and values there-
between.

{08317 According 1© some embodiments, the inorganic filler of the present invention comprises &
particulate having a particle size distribution. The particle size distribution may be represented
by the amount of inorganic filler than passes through standard US mesh screens. Mesh screening
is an accepled official standard for quantifying the size distribution of particles i a filler

mixture.

&
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{0321 Mesh soreening is performad by passing fAller through one or more mesh screens starting
with a relatively more povous screens {L.e, 3G, 40, 50 and continually passing the filler through
decreasingly less porous screens (Le., 100, 200, 323, 4003, Each screen has a predeizrmined pore
size that will block particles fromy passing through the screen if those particles bave a size that is
greater than the size of the screen pore. The following table demonstrates the pore size (in

migrons) of typical U8 mesh screens,

Lis Mesh Size | Pore Size {um)
30 595 « 600
44 430 - 4253
50 297« 304
TG 23282
100 148 130
0 4
338 44
400 37

{B033] For example, if 100% of bulk filler passes through a 30 mesh screen, 130% of the bulk
filler would have a particle size of less than about 600 microns (L.e., a 30 mesh screen has a pore
size of about 600 microns). In another example, if 80% of bulk filler that passes through a 30
mesh sereen, 20% of the bulk fller would have a puticle size greater than or equal 0 300
microns and 80% of the bulk filler would have a particle size less than about 300 microns (e, a
30 mesh screen has a pore size of about 300 microns).

{80341 According to the present invention, 100 wi. % of the inorganic filler has a panicle size
that is less than sbout 8600 microns (Le., 100 wi. 9% of the inorganic filler passes through a 30
mesh sereend. According to the present invention, H0 wi. % of the inorganic filler has a particle
size that 13 less than sbout 423 microns (Le., 180 wt. % of the inorganic filler passes through a 40
mesh screen). According to the present invention, abouwt 26 wi. % to about 100 wi. % of the
inorganic filler has a particle size that is less than shout 300 microns {i.e., about 86 wt. % 1o
about 100 wi. % of the inorganic filler passes through a 50 mesh screen - including all values

and sub-ranges there-hetween ).

s
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[BG35] The wnorganic filler of the present invention may comprise about 30 wi. % 1© about 99.8
wi. % {including all values and sub-ranges thers-between) of particles having a particle size less
than about 210 microns (Le,, sbout 5O wi. % o about 99.0 wi. % of the inorganic filler passes
theough a 70 mesh screen - including all values und sub-ranges there-between} as well as about
.02 wi. % to about 30 wt. % (including all values and sub-ranges thers-between) of particles
having a particle size greater than or equal t© about 210 microns {L.e., ahout §.02 wi % 1o abowt
50 wi % of the inorganic fller passes that does not pass through a 70 mesh screeq.

[B438] In certain embodiments, the inorganic filler of the present invention comprises about 30
wi. % to about 95 wi, % (including all sub-ranges there-between) of particles having a particle
size less than about 1530 microns {Le., about 30 wi % © about 85 wi. % of the inorganic filler
passes through a 100 mesh soreen - including all values and sub-ranges there-between) as well
as about § wi % w about 70 wi. % (including all values and sub-ranges there-betwesn) of
particles having a particle size greater than or equal 1o 130 microns (Le, about § wi. % o about
70 wi. % of inorganic filler that does not pass through a 100 mesh screen}.

371 In some embodiments, less than 90 wi, % of the inorganic fller passes through the 100
mesh sereen and mors than 80 wt. % of the inorganic filler passes through the 100 mesh screen.
in other embodiments, less than abouwt 80 wi, % of the imargaﬁic filler passes through the 100
mesh soreen and move than 30 wi. % of the inorganic filler passes through the 100 mesh sorsen,
180381 According to the present invention, the inorganic filler comprises about 6 wi, % 1o 63 wi.
% {including all sub-ranges there-between) of particles having a size of 74 microns or less (e,
about & wi. % o about 63 wi. % of the inorganic {iller passes through a 200 mesh screen} as well
as about 35 wi, % to abowt 94 wi. % (including all sub-ranges there-between) of particles baving
a size greater than 74 microns (e, about 35 wi. % w showt 84 wi. % of the inorganic filler does
not pass through the 200 mesh screen}.

(0039 In some emboduments, the inorganic filler comprises about 46 wi. % to about 65 wi. %
{including all sub-ranges there-between} of particle having a size of 74 microns or less (e,
about 46 wi. % 10 about 63 wt. % of the inorganic filler passes through a 200 mesh screen) and
about 35 wt. % to about 34 wi. % (ncluding all sub-ranges there-between} of particles having a
size greater than 74 microns. In other embodiments, the inorganic {iller compnses about 6 wit. %
1o abowt 40 wi. % (ncluding all sub-ranges there-between) of patticle having a size of 74

microns of less (Le., about & wi. % to about 40 wi. % of the inovganic Hiller passes through g 200
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mesh sorpent snd about 60 wi, % 1o abowt 84 wi % (nehuding ofl sub-runges there-between) of
particles having a size greater than 74 microns.

{0040} According o the present invention, less than about 23 wi. % of the inorganic filler has a
particle size less of 44 microns of less {Le., less than about 25 wi. % of the inorganic filler passes
through a 323 mesh screen). Stated otherwise, more than about 75 wi. % of the inorganic filler
has a particle size of 44 microns or greater, In a preferred embodiment, less than about 20wt %
of the inorganic filler has a particle size of 44 microns or less (Le., less than about 20 wi, % of
the inorganic filler passes through a 325 mesh screen). Stated otherwise, more than about 80 wt,
% of the inorganic filler has a pasticle size of 44 microns or greater. In o preferred embodiment,
fess than abowt 20 wit. % of the inorganic filler has a particle size of 44 microns or fess {L.e., less
than about 20 wi. % of the inorganic filler passes through a 325 mesh screen). Stated otherwise,
more than about 80 wt, % of the inorganic filler has a particle size of 44 microns or greater.
{GG41] Table | sets forth multiple non-lHmiting embodiments of the present invention {E1, EZ,
£3...} that demonstrate the amount {wt. %} of the inorganic filler that passed through various

mesh screens.

Table 1
El 2 E3 B4 ES N E7 E8

30 Mesh 100 GG e 160 100 HEE 1O HEE
44 Mesh 130 G HEE 160 HEY 1060 1 106
SGdesh (196100 96100 (96~ 100 | 86~ 100 100 | 96100 | 96~ 100 | 96~ 100
T adesh | 3099 (30991 3099 L 3099 153099 5095 | M-85 | 3095
P60 Mesh { 3095 13095 1 3590 3077 (7090 BO-90 | 3077 ¢ 3570
200 Mesh{ 6063 | 630 630 641 14063 645 T 43 §~42
323 Mesh i <23 < 23 <23 < 25 <25 <25 < 20 <

{33421 In conaln embodiments, the inorganic Gller may comprise about & wi. % 10 abowt 90 wi
% (including all sub-ranges there-between} of particles having a particle size that is greater than
about 74 microns and less than about 150 microns. In a preferred embodiment, the morganic
filler may comprise about 7 wi. % to about 77 wi. % of particles having a size that 15 greater than

about 74 microns and less than abot 130 microns.,

@
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D343} Non-limiting examples of inorganic filler includes particles of calcium carbonate
{“hmestone”), magnesium carbonate, silica, ale, ¢lay, and combinations thereof,

{00344} The base faver of the present invention may be produced by melt-mixing the binder, the
filler, and optionally the plasticizer in an industrial mixer {e.g. banbury mixer} or melt-rmixer
{e.g. a single or twin screw extruder) to make a mixed composition. The filler can be added 1o
the binder in the meli-mixer before, after, or simulianecusly with the plasticizer. The mixed
compoesition may then be fed o two or more calendering rolls, where the mixed composition is
formed info a base sheet. The base sheet may then be further processed by a laminating system,
which laminates one or more of a print sheet, wear shest, andfor top-film sheet, thereby creating
a laminate structure, The laminate structure is then cut 1o the final dimensions of the flooring
panel | of the present invention, as described herein,

(B045] As described further herein, the specific particle size distribution of the filler results in
flooring panels baviag superior edge smoothness after being cut 0 the final dimensions
Additionally, the particle size distribution of the filler resulis in superior drum tack during
processing in the lanunating system. The superior drum tack helps avoid processing difficulties
that ovcur when drum ek is broken during lamination ~ such as a laminate strocture extruding
back through the processing equipment in the laminaling system 100,

{046} Refering now 1o FIG. 3, the laminating system 100 of the present invention may be a
drum laminating system « as comparad {o 3 conveyor type Iaminating sysiem comprising one of
more belis and a plurality of belt rollers, various printing, laminating, and embossing operations
are performed af diferent locations spaced wong the circurnference of » lurge rotaling drum,
{4047} Refeming to FIG. 3, the laminating system 100 generally includes a rotaling main process
drum 120 {as referved 10 as the “drom”} and one or more process stations {also referred to as
“laminating stations”) associated with the drum 12800 The process stations are located about the
drum 120 and are disposed at different circumferential locations spaced around the drom 120, as
shown in Figure 3. In certain other smbodimenis, the process siations may be located at the
same circumierential location wound the dram 120, The process siations of the present
invention include a print loyer application station 138, a wear laver application station 148, and
an emibossing siation 153,

{0048} The drum 120 may be cylindrical with a diameter and g width that are suitable for

handling the width of the base sheet 102 being processed and the process speeds of the laminate

i
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shieet 203, The drom 120 may rotate about 8 rotational axds ("A™. The drom 120 further
comprizes a circemicrential outer surface 127 (also referred 19 as the “outer surface”).

[48T The diameter of the drum 120 is messured 1o the ouvter surface 122 of the drum 20, The
diameter of the drum 120 may be selected o provide adequate separation between the drum 120
and a roller 132, 142, 152 of each process station and o allow for adequate time for adhesion of
the sach subsequent layer laminated © the base laver, heating the laminate to appropriate
iemperatures during the laminating process, sic.

PGS0 The drum 120 may have a first dismeter ranging from abowt 30 om to about 303 om as
measured from the ouler surface 122 of the drom.  In certain embodiments, the first diameter of
the drum 120 ranges from about 30 om o ghout 125 cm - including all sub-ranges and values
there-hetween. In other embodiments, the first diameter of the drom 120 ranges front about 122
crn te about 303 om -~ including all sub-ranges and values there-between,

G051 I will be appreciated that other suitable diameters up to 2 practical lmit of about 383 em
may be ased depending on the lincar velocily of the outer surfuce 122 of the rotating drum 120
and cormesponding process time inlervals necessary to properly complere the various floor
covering product formation operations described hersin.

G032 The Hooring parel | may be produced by first creating the base sheet 102, The base
sheet 102 may be produced by mixing the binder, the filler, and optionally the plasticizer in a
mixer {e.g. banbury mixer, single screw exiruder, twin screw extruder) then colendering the
mixiure between at least two calendering rolls io create a base shest 12 (not pictured). The base
sheet 102 may then conveved o the drum 128 by @ mechanical carsier 110, such as 2 belt
conveyer T The base sheet 12 may be conveyed by the mechanical carrier T a1 4 speed
ranging from about 13 Mimin (meters per minute} to about 33 Mimin ~ including all sub-ranges
and values there-between.

{80531 The belt conveyor 110 brings the base shest 102 into contact with the cuter surface 122
of the drusn 120 at ¢ birst point Py where the base sheet 102 adheres 1o the outer surface 122 of
the drum 120, As the drum 120 rotates about the rotational axis Ag, the base sheet 102 15 carried
about the cuter drum surface 122 and eventually fed through one or more of the process siation
138, 140, 150, thereby eventually forming a laminate sheet 202, The base shest 182 may be
carried about the outer drum surface 122 and fed through the process station 130, 148, 130 ina

comtinuous process. Having a single drum 120 that can continupusiy carry the base sheet 107 to
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each of the process stalions 130, 14Q, 130G not only saves time, but also reduces the wnount of
space required for manofacturing equipment and energy required for all manufaciuring
equipment {0 run, thereby reducing cost.

{3054] The base sheet 102 may be any suitable thickness depending on the final floor covering
product 0 be produced.  The base sheet 102 may pgenerally have a representative gauge or
thickness ranging from about 60 nils to abowt 220 mils ~ including all values and sub-ranges
there-between. In a preferred embodiment, the base sheet 102 may have a thickness ranging
from about 80 mils to abowt 160 mils for LVT producis ~ including all values and sub-ranges
there-between,

{DOSE] According to the present invention, the drm 120 has an outer surface 122 with an
average roughness {RA) that is greater than 8§ micreinches, which, when used in combination
with the base layer 102 of the present Invention, results in good-to-great drum tack of the lower
surface 102b of the base layer 102 on the ouler surface 122 of the drum 120 during processing.
Ensuring that the lower surface 1020 of the base layer 102 remains adbered 1o the outer surface
122 of the drum 120 prevents unwanted slippage and back-sxtrusion as the base layer 102 is fed
through one or more of the process stations 130, 140, 150, thereby providing in a superior final
flooring panel.

{B056] In certain embodiments, the outer drum surface 123 has an average roughness greater
than 16 wmicroinches, aliernatively from sbout 20 microinches 1o abouwt 80 microinches;
alternatively about 25 microinches to about 73 microiaches - including all sub-ranges and values
thers-betwesn. In a preferred embodiment, the average surface roughness of the outer surface
122 of the drum 120 ranges from about 32 microinches o about 84 microinches ~ including all
sub-ranges and values there-between. In certain embodimenis, the average surface roughness of
the outer surface 122 of the drum 120 is 32 microinches. In certain embodiments, the average
surface roughness of the outer surface 122 of the drum 120 is 64 microinches.

{8571 As shown in FIG. 3, after the base sheet 132 contacts the outer surface 122 of the drum
120 at point ¥y, the base sheet 12 may be fed through a print layer application station {38, As
the base sheet 102 s fed through the print layver application station 130, the base sheet 102 and &
print sheet 136 are passed betwesn the drum 120 and g print roller 132 such that the print sheet
136 s lominated to an upper surface 1024 of the base shest 1802 by heat and pressure 10 form a

base-print sheet lominate 200, As the base sheet 102 is fed through the print layer application
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station 130, the base shest )2 remains adhered to the outer surface 122 of the otating drum
133, Specifically, during the lamination of the print sheet 136, the lower surface 102b of the
base shaet 102 remains adhered (o the outer surface 1232 of the drum 120

{BO5E] The print roller 132 has a second dismeter, whereln the first diameter of the down 120 s
greater than the second diameter of the print roller 132, The ratio of the first diameter o the
second diameter may range from about 15:1 10 about 2:1; alternatively from about 101 to abow
;L

(]

[GG59] As further shown in FIG. 3, the base-print sheet laminate 200 may be fed 1o the wear
layer application station 140 after leaving the print layer application station 130, When the base-
print sheet laminale 200 is fed through the wear layer application station 14, the base-print sheet
lwminate 200 and the wear sheet 146 are passed between the drum 120 and a wear roller 142 such
that the wear sheet 146 is laminated (by heat and pressure) 1o an upper surface 136a of the print
sheet 138 portion of the bass-print sheet laminate 200 to form a base-print-wear sheet laminate
201, As the base-print sheet laminale 210G is fed through the wear layer application station 140,
the base shest 32 portion of the base-print sheet laminate 200 remains adhered to the owter
surface 122 of the rotating drum 120, Specifically, during the lamination of the wear sheet 146
to the base-print shest laminate 200, the lower surface 1020 of the base sheet 102 portion of the
base-pring sheet laminate 200 remains adhered to the outer surface 122 of the drum 120,

188681 The wear roller 142 has a third diameter, whereln the first dinmeter is greater than the
third diameter. The ratio of the frst diameter o the third diameter ranges from abowt 181 o
abowt 2010 abiernatively from shout 11w abow 5010

{00611 In centain embodiments, the system 100 may omit the print fayer application station 130
and the base sheet 182 may be fod directly 1o the wear layer application station 140 where the
base sheet 102 and the wear sheet 146 are passed between the drum 120 and the wear roller 142,
In such embodiments, the wear sheet 146 is laminated to the upper surface 102z of the base shegt
102 by heat and pressure to form a base-wear sheel laminude {nof pictured).  As the bass shest
102 is fod through the wear layer application stwtion 144, the base shest 102 remains adhered to
the outer surface 122 of the rotating drum 1200 Specifically, during the lamination of the wear
sheet 146 to the base layer HX2, the lower surface 182b of the base sheet 102 remains adhered o

the outer surface 122 of the drum 34
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[B062] As demonsirated in FEG. 3, after leaving the wear laver application station 140, the bases
print-wear sheet {aminate 201 remains adbhered to the outer surface 122 of the drum 120 (ie., the
lower surface 102b of the base-print-wear sheet laminate 201 remains adbered o0 the outer
surface 122 of the drum 123). The boss-print-wear sheet laminate 201 is then fed to an
embossing station 130 where the base-print-wear sheet laminate 201 s passed between the drum
120 and an embossing roller 152 that imprints embossed features 5 onto an upper surface 146z of
the wear layer 146 portion of the base-print-wear sheet laminate 201 ~ therehy forming the
faminate structure 202, As shown in FEGS. {-2, the embossed {eatures § may include elongated
grooves, pores, slis, waves, streaks, cathedrals, and other shapes that emphasize the printed
pattern.  Referning o FIG 3, as the bose-print-wear sheet laminate 201 is fed through the
grmbossing station 150, the base sheet 12 remains adhered 1o the outer surface 122 of the
rodating drum §20. Specifically, during embossing, the lower surface 102b of the base sheet 102
portion of the base-print-wear sheet laminate 201 remaing adhered to the outer surface 123 of the
drum 124

[8063] The base-print-wear sheet laminate 201 may be heanied by beaters 300 1o an slevated
emperaturg prior 10 smbossing so that the embossing lemperature in one embodiment is higher
than the preheat temperature of the wear layer sheet 146 at the wear layer laminating station 144,
it has been discovered that heating the base-print-wear sheet laminate 201 prior 1o the embossing
is beneficial with thicker wear layer sheets 146 (Lo, 12 mils or higher} to achieve proper depth
and definition of the embossed surface features in the laminale structure 202,

1080647 In certain embodiments, a third lomination siep may be additionally performed a
embossing siation 150 to add pre-embossed, pre-coated, andfor other top-film shest 176 onto the
wear sheet (48 from a boll or roll 170 prior to, during, or instead of embossing. If a pre-
embossed film or sheet is added, a roller with a smooth outer surface finish in Heu of an
embossing roller 132 having an undulating outer surface with the reverse tmage of the embossing
pattern formed thereon may be used.

{3068] For the embediments that include the top-film sheet 176, the base-prnt-wewr sheet
laminate 2¢1 and the fop-film sheet 176 may be fed through the embossing station 1530 causing
the base-print-wear sheet laminate 201 and the top-film sheet {76 to be passed between the drum
120 and the embossing roller 152 thereby laminating the top-film sheet 178 (by heat and

pressure} to the vpper surface 146a of the wear sheet 146 portion of the base-print-wear sheet
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laminate 201 and forming the laminate structure 202, As the base-print-wear sheet laminate 201
and the top-film shest 176 ave fed through the embossing station 150, the buse sheet 102 portion
remains adhered o the ouwter surface 122 of the rotating drum 120, Specifically, during the
lamination of the top-film sheet 176 10 the base-print-wear sheet laminate 201, the lower surface
H2h of the base sheet 102 remains adhered © the puter surface 122 of the drum 120

{0866} The particle size distribution of the filler in the base layer 102 as well as the average
surface roughness of the outer surface 127 of the drum 120 ensures proper drum tack between
the base laver 1032 and the drum 120 during the lamination stages in each application siation 139,
140, 150, Abhough relevant {0 each lamination station, 130, 140, 130, the drum tack has been
discovered to be particularly useful during embossing, For luminsie structures 202 comprising
the print layer 102, the embossed features 5 may match or corrsspond $o the decorative pattern
present on the print layer 136, Thus, providing adequate drum lack prevents the base layer 102
froom stipping relative to the drum 120, thereby ensuring that the embossed features 5 oot only
have the correct placement relative to the decorative features on the print layer 130, but alse help
ensure that the embosses features § have the correct dimensions ~ Le. are not elongated due to
the base layer not pass about the dram al a proper speed relative to the embossing roller 152,
{8871 As shown in FH3. 3, after embossing s completed the laminate sheet 202 continues on
process drum 120 10 a release point Py associated with a release roller 162 where the laminate
sheet 202 is removed from the drum 120, The laminate sheet 202 may then be fed into a cutting
station {not pictured), where the laminate sheet 202 is cut in a pluradity of floor panels L

[B068] The drum 120 may formed of a material that is opersble 1o provide temperature
controlled adherence and release of a base layer sheet 102 bassd on hot stick adberence and cold
release principles, as will be well known to those skilled in the art. Vinyl-based products exhibit
such characienstics and fucilitates adherence of the base sheet {42 to drom 120 for processing
and lamination.  In certaln embodimenis, the drum 120 may be made of steel and the outer
surface 122 may be clyome plated to provide a smooth surface.

{98651 The drum 120 may be operated such that the outer surface 122 of the drum 120 has a
temperature ranging from abowt 735 °C o about 135 °C; alternatively about from 80 °C to about
1253 *C ~ including all sub-ranges mnd values there-between. In g preferred embodiment, the
drom 120 is operated such that the outer surface 122 of the drum 120 has a temperaturs ranging

from about 83 °C o about 13 °C ~ including all sub-ranges and values there-betwesn,
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[B678] In other embodiments of the present invention, the print laminating station 130 and wear
layer laminating station 140 operagions may be combined into a single laminating station instead
of being performed separately on drum 120, Accordingly, laminating station 140 may preheat
the wear layer 146 and then combine and laminate the wear layer 146 and print layer 136 1o bass
layer sheet 12 via laminating roller 142 in a single step. The feed of print layer 136 from
supply rell 134 may be divected w0 roller 142 instead of roller 132 {see FEG. 3} and combined
with wear layer 146 after heating the wear layer,

{0071} Since the laminate {1.e. base layer sheet 102} temporarily adherss to outer surface 123 of
drume 120 via pruwiples of hot stick adbesion and cold release for vinyl based products, ihe
laminate must cooled sufficiently © a release temperature wherein the laminale sheet will no
longer adhere 10 and separate from the drum,  In one embodiment, the cooling is provided by &
plurality of water sprays positioned proximate to drum 120 which spray water divectly ontwo the
laminate sheet 202, In additdon, the waler sprays rapidly cool the exposed surface of the wear
sheet 146 below the glass transition temperature of #s polymer, thereby imparting dimensional
sigbility to the laminate sheet 202, The release emperature may vary depending on the
composition of the base sheet 102 and thickness of the base sheet 102 and wear sheet 146

{80721 In some embodiments, the flooring panel | of the present invention may further comprise
one or move intervening layers between the base laver 10, print layer 20, wear layer 3, and the
iop-film layer 40, The foorning panel | of the present invention may have final dimensions that
include an overall length ranging from abowt 12 inches (o about 86 inches, an overall width
ranging from about € inches to about 48 inches, and an overall thickress ranging from about 80
mils to about 200 mils ~ including all value and sub-ranges there-between,

{073 The foregoing discussion further appliss o building panels that may be used as ceiling
panels and wall panels,

{68741 As those skilled in the ant will ppprecinie, numerous changes and modifications may be
made to the embodiments described herein, without departing from the spinit of the invention. It

is intended that all such vanations @l within the scope of the invention,

EXAMPLES

{80751 The base layer of the following examples were prepared using the foliow componeais;

Filler: limestone powdsr with trace (=3 wi. %) of silica and magnesium carbonaie;
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Binder: low molecular weight PVC resin, commercially available as Oecidental 185,
Plasticizer: diccty! wrephthalate (DOTP),
Stabilizery Baerlocher stabilizer; and
Pigment: black pigment,
{0876} Regarding the types of filler, seven different samples were created and their particle size

distributions are set forth below ia Table 2.

Table 2
Fe. ] VEx,2 1 Ex.3 | Ex. 4 Comp, Bx. 2 1 Comp, Bx, 3
3000 100% | 100% | 1009 | 100 0% {00%
40 1 I00% ¢ 0% | 100% | 100 100% 10G%
5000 96% | 100% | 2080% | 100% 88.5% 00%
70 0% - - 93 8 & 97.5% 0%
00 33% | 68% |+ T7% | BRT% EO% 3% 1%
2007 8% | 27% L 41% | 31% 45% B2 7% Q9%
32531 4% - 8% | 18.6% 23% 38.6% 85%

{80771 Bach example is prepared by melt-mixing together the filler, binder, and plasticizer to
form a mixed composition, and calendering the mixed composition between two calendering
rolls o form a base shest, The amount of filler, binder, and plasticizer for each example I8 set

forth below in Table 3,
Table 3

ol 4 1 Comp, | Comp, | Comp,
Ex. P iEx.21Ex 3 Ex. 4 By § 0 Ex.2 | Ex.3
Filler wt, % 66 &6 56 &6 §6 86 66
Binder wt, % 255 {385 1255 12558 1 253 25,5 5.3
Plasticizer wi. % 2.3 3.3 8.3 | 83 8.5 8.3 8.3
Totad wi % 100 0 1 100 100 T F30 FO0

Weight Ratio of . . .. . . . -

Binder ta Plasticizer 3.1 30 3 31 31 3 31

{00781 The plasticizer is present in an amount of 8.3 wi. % based on the total weight of the base
layer. The plasticizer is also present in an amount of 25 wi. % based on the total weight of the
binder, Bach base sheet was then contacted with three separate drusns, each of which have a
drum temperaturs of about 211 °C and a drum speed of about 9 Mfmin, The first drum has an

average roughness (RA)Y of 8 micreinches, the second drum has an average roughness (RA) of 32
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microinches, and the third drum has an average roughness (RA) of 64 microinches, EBach base
tayer was then separated from the drum and cut to the fnal dimensions of the flooring pansl,

(TS The drum tack of each base layer on the various drums set forth below in Table 4,
wherein the drum tack ranges from 3 {worst} 10 4 (best}. For example, a value of 0 represents no
drumn tack whatsoever, as there is substantial slippage of the base layer on the drum during
processing.  Furthermore, the resuliing laminale sheets are cut o the final dimensions and the
edge cus are evaluated for edge smoothness, Specifically, a visual assessment of each edge cut
is performed, where the sdge cuts without severe roughness or pitting from the filler are deemed
to have a commercially acceptable edge cut (.o, pass). The samples were designaied pass or fail

based on having both adequate drum tack as well as commercially acceptable edge cut.

Table 4

. . Comp. | Comp. | Comp.

Ex. f {Ex. 2 Ex.3 Bx. 4 Fx 1 Ee? | Ex 3

30 Mesh FOO%E L I00% | HO0% | 100% T 100% | I00% | 0%

40 Mesh 00% | 100% | 100% | 1D0% | 99% ¢ 100% ¢ 100%

50 Mesh Q6% | 100% | »00% L 100% | 85% | O8.3% | 100%

70 Mesh 0% - ~ G498 | BO% | 97S% L 1G0%

F30 Mesh 33% { 68% | T ROV L BO% | W% L 1%
204 Mesh B 1 27% 4w 3i% | 45% (BRI | BY%
325 Mesh 4% - RN 106% ) 25% | 39e%h | E53%
Average Drum Tack (8 RAY NA 1 4.0 4.0} 2.5 3.8 1.0 3.0
Average Drum Tack (32 KA NAA 1 4.8 4.0 3.3 3.3 {55 3.0
Average Drum Tack (64 RA} 4. 4.0 4.0 4.0 3.5 2.5 UAY
Adequate Dram Tack Yes | Yes Yes Yes Yes No Do
Commercially Acceptable BEdge Cut | Yes | Yes | Yes Yes No Yes Yeos
Pass & Fail Pass | Pass | Pass | Pass Fail Fail Fail

{H088] As shown in Table |, Examples 14 have 96 wi. % 10 100 wi. % of the filler pass through
a 30 mesh screen, between 50 wt. % and 99.9 wit. % of the filler pass through a 70 mesh screen,
3 between B0 wit. % of the filler pass through a 100 mesh screen, & wi. % 1o 85 wi. % of the
filler pass through a 200 mesh screen and less than 28 wi. % of the filler pass through a 323
mesh scresn - thereby nol only provide adeguate drum tack on vollers having an average
roughness greater than B microinches (preferably greater than 32 mucroinches) as well as having

commercially accepiable edge cuis after being cut 1o the finad dimensions.
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{B081] The present invention is not limited by the foregoing discussion. The present invention

may include variations and modifications t© the embodiments discussed kerein.
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CLARS

WHAT IS CLAIMED 15

i

]

& floor panel comprising:
a base layer comprising:
4 binder and
a filler having a particle size distribution such that about 6 wi, % ©

RO wi. % by weight of the filler passing through a 200 mesh screen.

The floor panel according w claim | wherein the puticle size distribution is such that 100

wi. % of the filler passes through a 40 mesh screen.

The floor panel according to claim 2 wherein the particle size disiribution is such that

about 86 wi. % to about 100 wi. % of the filler passes through a 30 mesh screen.

The floor panel according fo any one of claims | 1o 3 wherein the particle size
distribution is such that greater than about 30 wi, % of the filler pusses through a 1D

mesh sereen.

The floor panel according 0 claim 4 whersin the particle size distribution is such that less

than about 83 wt. % of the filler passes through a 100 mesh screen.

The floor panel sccording to any one of claims 1 to 3 wherein the particle size
distribution is such that less than about 83 wi. % of the {iler passing through a 100 mesh

BOrELt.

The floor pasel according w0 any one of claims 1 o & wherein the particle size
distribution is such that less thay about 25 wt. % of the filler passes through a 325 mesh

SCTEOn.

The floor panel according to claim | wherein the particle size distribution s such that
about 30 wi. % to about 90 wi. % of the filler passes through a 100 mesh screen, and less

than 20 wi. % by weight of the filler passes through a 325 mesh screen.
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9.

G,

S

4,

i6.

The floor panel according 1o soy one of claims | o ¥ wherein binder comprises a vinyl

polymer.

The floor paned according to any one of claims | to 10 wherein the filler is selected from
a group consisting of caleium carbonote, magnesivm carbonate, tale, baryies, silicn, and

combinations therenf,

The floor pane! according (o any one of claims | o Il wherein the base laver further

comprises a plasticizer.

. The floor panel according to claim 11 wherein the base layer comprises:

the binder in an amount of about 20 wi. % © about 40 wi, % of the base layer;
the filler in an amount of about 30 wi. % 1o about B30 wi. % of the base layer; and
the plasticizer, wherein the plasticizer is present in a weight ratio with the binder

ranging from abowt 12,5 to sbow Lé.

. The Hoor panel according to any one of claims | 1o 12 further comprising s print layer on

an upper surface of the base layer.

The floor panel according to any one of claims 1 to 13 whersin the floor panel comprises

an uppermaost exposed surface comprising embossed features.

. The floor panel according to claim 14 further comprising a wear layer atop the print

layer,

A methad of forming a floor pansl comprising:
a) formming @ base sheet from a binder and a filler having a patticle size
distribution such that about & wi. % to about 80 wi. % of the filler passes

throush a 200 mesh screen;
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7.

8.

32

prag A

b1 bringing the base sheet into contact with an outer surface of a rotating drum,
the base sheet adhering to the rotating drum, the outer surface of the rotating
drum having an average surface roughness greater than 8§ microinches; and

¢} feeding the base sheet through one or more process stations while the base
sheet remains adhered to the outer surface of the rotating drum, thereby

forming a laminate sheet.,

The method according to claim 16, wherein the ouwter surface of the rofating drum has an

average surface roughness ranging from 25 microinches o 75 microinches.

The method according © any one of claims 16 to 17, whersin the base sheet passes
through one or more process stations at a feed rate ranging from 1 meters per minute {0

33 meters per minule,

. The method scoording 1o any one of claims 16 to 18, whersin the drum {s operated at a

temperature ranging from 83 °C 0 125 °C

. The method according to any one of cloims 16 1o 19, wherein the drum has a dismeter

ranging from about 30 om o about 125 cm.

. The method sccording to any one of claims 16 to 19, wherein the drum has a diameter

ranging from abowt 132 om to about 303 om.

The method according (o any one of elaims 16 1o 21, wherein the particle size disiribution
is such that about 96 wt. % to about 100 wi % of the filler passes through a 30 mesh

S0raan,

. The method according to any one of claims 18 to 22, wherein the particle size distribution

is such that greater than about 30 wi. % of the filler passing through a 100 mesh screen.

. The method aceording to any one of claims 16 10 23, wherein the particle size distribution

is such that about 30 wi. % to 90 wi. % of the filler passing through a 100 mesh screen,

and less than about 25 wi. % of the filler passing through a 323 mesh screen

22



WO 2017/087435 PCT/US2016/062132

23, The method according (o any one of claims 16 o 24 wherein binder comprises 3 vinyl
polymer and the filler s selected from a group consisting of calciom carbonate,

magnesivm carbonate, tale, baryies, silica, and combinations therent,

26, The method according to anyone of claims 16 1o 25, wherein step ¢} comprises:
c-1} feeding the base sheet through a print layer application station in which the
base sheet and a print sheet are passed between the drum and a print roller such
that the print shest is lominated to the base cheet, the base sheetl remaining
adhered to the owmer surface of the rotating drum during lanuination of the print

sheat 1o the base shesd,

27. The method according 1o clabm 26, whereln the drum has a first diameter and the print

roller has & second diameter, the first dizmeter being greater than the second diameter,

28. The method according to anyoene of claims 16 10 23, wherein step ©) comprises:
¢-2} feeding the base sheet through a wear layer application station in which the
base sheet and a wear sheet are passed between the drum and a wear roller such
that the wear sheel is laminated to the base sheet, the base sheet remalning
adhered to the outer surface of the rotating drum during lamination of the wear

sheet 1o the base sheet.

2%, The method according to claim 28, wherein the drum has o first diometer and the wear

reller has a third diameter, the fiest dismeter being greater than the third diameter.

3 The method according to anyone of claims 16 10 25, wherein step o} comprises:
¢-3) fesding the buse sheet through an embossing station in which the lamination
sheet is passed between the driss and an embossing roller, the base sheet portion
of the lamination sheet remaining adhered to the outer swrface of the rolating

drum during embossing.
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31 The method gccording o olaim 38, wherein the drum has a first diameter and the
embossing roller has a fourth diameier, the first diameter being greater than the fourth

diameter,

32. The method sccording to anvone of claims 32 to 31, wherein step ¢-3) further comprises:
faminating o top-filim sheet & the embossing station in which a top-filo sheet and
the base layer are passed belween the drum and 2 embossing roller such that the
top-film sheet is laminaed to the base sheet, the base sheet remaining adhered to
the ouier surfuce of the rotating drum during lamination of the top-film sheet to

the base sheet,

33, The method aceording 10 any one of claims 16 to 32 wherein steps a) through <) are &

continuous roll formiag process

34. The method according to anyone of claims 16 {0 25, wherein step ¢} comprises:

feeding the base sheet through a print layer applcation station in which
the base sheet and a print sheet are passed between the drum and a print roller
such that the print sheet s luminated 1o the base sheet o form a base-print shesgt
faminate, the base shest remuining adherad 1o the outer surface of the rotating
drum during famination of the print sheet to the base sheet;

foeding the base-print sheet lominate through a wear layer application
station in which the base-print sheet laminate and a wear sheet are passed between
the drum and a wear roller such that the wear sheet is laminated 0 the base-print
sheet laminate o form 2 base-prini-wear sheet laminate, the base shest of the
base-print shest laminate remaining adbered to the outer surface of the rotaung
drum during lamination of the wear sheet to the base-print sheet laminale;

feeding the base-print-wear sheet laminate through an embossing station
in which the base-print-wear sheet luminate and 2 wp-film sheet are passed
between the drum and an embossing roller such that the top-film sheet i
faminated to the base-print-wear sheet laminate to form a base-print-wear-iop-

film sheet laminate while having an embossing pattern imprinted by the
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embossing roller, and base sheet of the base-printowear sheet laminale remaining
adhered 1o the outer surface of the rotating drum during embossing andféor

lamination of the top-film sheet to the base-print-wear sheet laminate.

35, The method according 1o any one of claims 16 1o 34 further comprising:
d} removing the laminste sheet from the drony
g feeding the laminate sheet info a cutting station, thereby cutting laninate shest

it a plurality of floor panels.
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