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POLYMERIC MATERIAL
PRIORITY CLAIM
[0001] This application claims priority under 35 U.S.C. § 119(e) to U.S. Provisional

Application Serial Nos. 62/055,088, filed September 25, 2014, 62/057,715 filed
September 30, 2014, and 62/208,008 filed August 21, 2015, each of which 1s expressly

incorporated by reference herein.

BACKGROUND
[0002] The present disclosure relates to polymeric materials that can be formed to
produce a closure for a container, and 1n particular, polymeric materials that insulate. More

particularly, the present disclosure relates to polymer-based formulations that can be formed to

produce an 1nsulated non-aromatic polymeric material.

SUMMARY

[0003] According to the present disclosure, a drink cup lid may be manufactured from
an extrudate produced in a flat-die or annular-die extrusion process. The extrudate 1s a
polymeric material.

[0004] In 1llustrative embodiments, the extrudate 1s produced from a formulation
comprising a polymeric material. The extrudate 1s then formed in a thermoforming process to
establish a closure for a container. The closure has a density in a range of about 0.5 g/cm” to
about 0.85 g/cm”. At those densities, the closure has a thermal conductivity in a range of about
0.1 W/(m*K) to about 0.2 W/(m*K). At least a portion of the closure has a surface roughness in

a range of about 5 nm to about 365 nm, and/or at least a portion of the closure has a surface

roughness 1n a range of about 1 wm to about 250 wm.

[0005] In 1llustrative embodiments, the closure includes a lid spout and a center panel
closing a mouth formed in the container. The lid spout may have a different thermal
conductivity, density, and/or surface roughness as compared to the center panel of the closure.
[0006] In illustrative embodiments, the formulation comprises a regrind polymeric
material and a chemical blowing agent. In illustrative embodiments, the formulation comprises
a high crystalline polymeric material and the chemical blowing agent. In illustrative
embodiments, the polymeric material includes the regrind polymeric material, the high

crystalline polymeric material, and the chemical blowing agent.
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[0007] Additional features of the present disclosure will become apparent to those
skilled 1n the art upon consideration of illustrative embodiments exemplifying the best mode of

carrying out the disclosure as presently perceived.

BRIEF DESCRIPTIONS OF THE DRAWINGS
[0008] The detailed description particularly refers to the accompanying figures in which:

[0009] Fig. 1 is a perspective view of a lid in accordance with a first embodiment of the
present disclosure and a cup before the lid 1s mounted on the cup and showing that the lid
includes a central closure surrounded by a brim mount that 1s formed to include four seal rings in
mating engagement with a brim of the cup and with an interior surface of an upper interior
portion of the cup side wall just below the brim;

[0010] Fig. 2 1s an enlarged top plan view of the lid of Fig. 1;

[0011] Fig. 3 is a sectional view taken along line 3-3 of Fig. 2 showing the cross-
sectional shape of the brim mount of the lid;

[0012] Fig. 4 1s a perspective and diagrammatic view of a portion of a flat-die extrusion
system used to produce the lid of Figs. 1-3;

[0013] Fig. 5 1s another partial perspective view of a portion of a flat-die extrusion
system 1n accordance with the present disclosure;

[0014] Fig. 6 1s a front elevation view of a portion of an annular die used to produce the
l1id of Figs. 1-3;

[0015] Fig. 7 1s a sectional view taken along line 7-7 of Fig. 6;

[0016] Fig. 8A 1s a diagrammatic view of a female (negative) mold system showing the
female mold system 1n a closed position with a hot sheet of insulative non-aromatic polymeric
material located in a mold area prior to molding;

[0017] Fig. 8B 1s a view similar to Fig. 8 A showing the hot sheet after molding;

[0018] Fig. 8C is a diagrammatic view of a male (positive) mold system showing a hot
sheet of insulative non-aromatic polymeric material located in a mold area prior to molding;
[0019] Fig. 8D 1s a view similar to Fig. 8C showing the hot sheet after molding;

[0020] Fig. 8E 1s a diagrammatic view of a match-metal thermoforming system showing
the match-metal thermoforming system in an open position with a hot sheet of insulative non-
aromatic polymeric material located in a mold area prior to molding;

[0021] Fig. 8F 1s a view similar to Fig. 8E showing the hot sheet after molding;

[0022] Fig. 9 1s a diagrammatic view of a large-scale thermoforming system used to

produce the lid of Figs. 1-3;
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[0023] Fig. 10 1s a photograph showing a test lid made from an insulative non-aromatic
polymeric material and a test piece cut from a drink spout included 1n the test lid to test density
and thermal conductivity of the material in the area of the drink spout;

[0024] Fig. 11 is a graph showing thermal conductivity (W/(m*K)) on the y-axis versus
density (g/cm’) on the x-axis for samples made from various formulations of insulative non-
aromatic polymeric material in accordance with the present disclosure, various formulations of
insulative non-aromatic polymeric materials, and solid non-aromatic polymeric materials;
[0025] Fig. 12 1s a diagrammatic view of an exemplary process for performing atomic
force microscopy (AFM) to measure surface roughness;

[0026] Fig. 13 1s a diagrammatic view of an exemplary process for performing non-
contact optical surface roughness measurements (e.g., non-contact optical profilometry, digital
microscope 1n topography mode);

[0027] Fig. 14 1s profilometry scan showing the measurement results obtained by
imaging a 1.6 mm x 1.6 mm area of a drink lid via non-contact profilometry;

[0028] Fig. 15 1s profilometry scan showing the measurement results obtained by
imaging a 0.8 mm x 0.8 mm area of a drink lid via non-contact profilometry;

[0029] Fig. 16 1s profilometry scan showing the measurement results obtained by
imaging a 400 um x 400 um area via non-contact optical profilometry;

[0030] Fig. 17 is a three-dimensional plot-height image showing the measurement results
obtained by imaging a 20 um x 20 um area of a drink lid via AFM;

[0031] Fig. 18 1s a three-dimensional plot showing the measurement results obtained by
imaging the surface of a black plastic part with a HIROX® digital microscope in topography
mode;

[0032] Fig. 19 1s a three-dimensional plot showing the measurement results obtained by
imaging the surface of a white plastic part with a HIROX® digital microscope in topography
mode;

[0033] Fig. 20 1s a three-dimensional machine screen capture and corresponding 1D
profile scan showing the measurement results obtained by imaging the surtace of a black plastic
part with a HIROX® digital microscope in topography mode; and

[0034] Fig. 21 1s a three-dimensional machine screen capture and corresponding 1D
profile scan showing the measurement results obtained by 1imaging the surface of a white plastic

part with a HIROX® digital microscope in topography mode.
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DETAILED DESCRIPTION

[0035] According to the present disclosure, a liquid container comprises a cup and

a lid adapted to mate with a brim of the cup. The lid 1s formed to include a liquid-discharge
outlet communicating with an interior region formed in the cup when the lid 1s mounted on the
brim of the cup so that consumers can drink a liquid stored in the cup through the liquid-
discharge outlet when the lid 1s mounted on the brim of the cup. The lid 1s made from an
insulative non-aromatic polymeric material configured to provide means for controlling
movement of heat between the liquid stored in the interior region of the cup and a user’s lips
during discharge of the liquid through the liquid-discharge outlet so that comfort of the user 1s
maximized.

[0036] A liquid container 10 includes a cup 12 and a lid 14 as shown, for example, in
Fig. 1. Lid 14 includes a central closure 16 and brim mount 18 coupled to central closure 16 and
configured to be mounted on a brim 20 included in cup 12 to arrange central closure 16 to close
a cup mouth 21 opening into an interior region 25 formed in cup 12 as suggested in Fig. 1.
[0037] As shown 1n Fig. 1, cup 12 includes brim 20, a floor 22, and a side wall 24
extending upwardly from tloor 22 to brim 20. It 1s within the scope of this disclosure to make
cup 12 out of any suitable plastics, paper, or other material(s).

[0033] In an illustrative embodiment, a consumer can drink a hot liquid stored in cup 12
while lid 14 remains mounted on the brim 20 of cup 12 through the liquid-discharge outlet 64
formed 1n lid 14. In an illustrative embodiment, central closure 16 of lid 14 includes a drink
spout 60 formed to include liquid-discharge outlet 64. Drink spout 60 1s adapted to be received
in the mouth of a consumer desiring to drink liquid stored in cup 12. In illustrated embodiments,
central closure 16 includes an upstanding drink spout 60 formed to include liquid-discharge
outlet 64 1n a top wall 62 thereof.

[0039] In illustrative embodiments, a sheet of insulative non-aromatic polymeric
material 1s made from a formulation during an extrusion process 1n accordance with the present
disclosure. The sheet of insulative non-aromatic polymeric material 1s thermotformed to produce
a lid as suggested in Figs. 1-9. Thermoforming may be pertormed using a female (negative)
mold with or without application vacuum, a male (positive) mold with or without application of
vacuum, or match metal thermoforming. Match-metal thermoforming uses both the female
(negative) mold and the male (positive) mold to form the sheet of insulative non-aromatic

polymeric material.
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[0040] In a thermoforming process, a sheet of insulative non-aromatic polymeric
material 1s heated to provide a hot sheet of insulative non-aromatic polymeric material. The hot
sheet then indexes into a mold area. A mold then moves from an open position to a closed
position. Vacuum 1s applied to a mold cavity formed in the mold to remove any trapped air 1n
the mold cavity. Plug assist or form air engages the hot sheet to help the hot sheet form onto the
mold in the mold cavity to form a formed sheet including multiple insulative lids coupled to a
carrier sheet. The plug then retracts, when present. The mold opens and the formed sheet 1s
stripped from the mold cavity via a stripper plate and/or expulsion air. The formed sheet 1s then
indexed out of the mold area. The formed sheet 1s then trimmed to form individual insulative
lids separated from the carrier sheet.

[0041] During the extrusion process, the sheet is expanded using a chemical blowing
agent (also known as a chemical foaming agent) with or without a physical blowing agent such
as nitrogen (N,) or carbon dioxide (CQO,) gas included in the formulation. In one example, the
formulation includes high crystalline polypropylene resin. A high crystalline polypropylene
resin 1s a polypropylene resin that has about a 98.5% 1sotacticity index and about 1.5 % wt
xylene solubles. Isotactic index may be determined according to ISO 9113, titled Determination
of Isotactic Index, which is hereby incorporated by reterence herein 1n its entirety. Xylene
solubles may be determined according to ISO 161352, titled Determination of Xylene-Soluable
matter 1n Polypropylene, which 1s hereby incorporated by reference herein in its entirety.
Xylene soluables may be determined according to ASTM D5492-10, titled Standard Test
Method for Determination of Xylene Solubles in Propylene Plastics, which 1s hereby
incorporated by reference herein in its entirety. In extruding the polypropylene resin, lower heat
provides higher foaming of the material.

[0042] In one example, the formulation comprises a linear low density polyethylene, a
low density polyethylene, an ethylene copolymer, a polypropylene copolymer, a polypropylene,
a polystyrene, a nylon, a polycarbonate, a polyester, a copolyester, a poly phenylene sulfide, a
poly phenylene oxide, a random copolymer, a block copolymer, an impact copolymer, a
homopolymer polypropylene, a polylactic acid, a polyethylene terephthalate, a crystallizable
polyethylene terephthalate, a styrene acrylonitrile, a poly methyl methacrylate, a polyvinyl
chloride, an acrylonitrile butadiene styrene, a polyacrylonitrile, a polyamide, or a combination
thereof.

[0043] The formulation may be extruded via annular die extrusion or flat die extrusion.

In one example, the formulation 1s extruded via a flat-die extrusion system as suggested 1n Figs.
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4 and 5. In another example, the formulation 1s extruded via an annular-die extrusion system as
suggested 1n Figs. 6 and 7. The annular extrudate 1s then slit to produce the sheet.

(0044 ] In another example, a formulation includes a regrind polymeric material. The
regrind polymeric material may be up to 100%, by weight, of the polymeric material included in
the formulation. In another example, the formulation includes the regrind polymeric material
and one or more other polymeric resins.

[0045] The regrind polymeric material may be ground-up previously-produced insulative
non-aromatic polymeric material made using a formulation in accordance with the present
disclosure. The regrind polymeric material may be a ground-up previously-produced insulative
cellular non-aromatic polymeric material made in accordance with the formulations disclosed in
U.S. App. No. 13/491,327 filed on 07 June 2012 and entitled POLYMERIC MATERIAL FOR
AN INSULATED CONTAINER, U.S. App. No. 14/063,252 filed on 25 October 2013 and
entitled POLYMERIC MATERIAL FOR AN INSULATED CONTAINER, U.S. App. No.
61/866,741 filed on 16 August 2013 and entitled POLYMERIC MATERIAL FOR AN
INSULATED CONTAINER, U.S. App. No. 61/949,126 filed on 06 March 2014 and entitled
POLYMERIC MATERIAL FOR AN INSULATED CONTAINER, U.S. App. No. 14/462,073
filed on 18 August 2014 and entitled POLYMERIC MATERIAL FOR AN INSULATED
CONTAINER, the disclosure of each of which 1s expressly incorporated by reference herein.
The regrind polymeric material may be a combination of the ground-up previously-produced
insulative non-aromatic polymeric material and the ground-up previously-produced insulative
cellular non-aromatic polymeric material.

[0046] The regrind polymeric material may include an insulative cellular non-aromatic
polymeric material formed to produce an insulative cup or other product. In an illustrative
embodiment, the regrind polypropylene may be a low-density insulative cellular non-aromatic
polymeric material used to produce an insulative cup or other product. In an embodiment, the
base resin used to form the previously-produced insulative cellular non-aromatic polymeric
material may be polypropylene or polyethylene.

[0047] Illustrative lids for drink cups are produced from sheets of insulative non-
aromatic polymeric material formed using a formulation comprising regrind polymeric material.
The amount of regrind polymeric material may be one of several different values or fall within
one of several different ranges. It 1s within the scope of the present disclosure to select an

amount of regrind polymeric material to be one of the following values: about 0%, 5%, 10%,

20%, 25%, 30%, 40%, S0%, 60%, 710%, 75%, 80%, 90%, and 100% of the total formulation by
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welght percentage. It 1s within the scope of the present disclosure for the amount of regrind
polymeric material in the formulation to fall within one of many different ranges. In a first set
of ranges, the range of regrind polymeric material 1s one of the following ranges: about 40% to
100%, 50% to 100%, 60% to 100%, 70% to 100%, 80% to 100%, and 90% to 100% of the total
formulation by weight percentage. In a second set of ranges, the range of regrind polymeric
material 1s one of the following ranges: about 10% to 90%, 10% to 80%, 10% to 70%, 10% to
60%, 10% to 50%, 10% to 40%, 10% to 30%, and 10% to 20% of the total formulation by
welght percentage. In a third set of ranges, the range of regrind material 1s one of the following
ranges: about 20% to 80%, 30% to 70%, 40% to 60%, and 45% to 55% of the total formulation
by weight percentage.

[0043] Regrind polymeric material 1s formed from either insulative cellular non-aromatic
polymeric material or insulative non-aromatic polymeric material. During extrusion of either
insulative cellular non-aromatic polymeric material or insulative non-aromatic polymeric
material, the melt strength of the polymers used to form the insulative cellular non-aromatic
polymeric material or insulative non-aromatic polymeric material 1s believed to have been
consumed. As aresult, grinding the insulative cellular non-aromatic polymeric material or
insulative non-aromatic polymeric material to form regrind polymeric material 1s believed to
provide materials lacking sufficient melt strength for forming an insulative non-aromatic
polymeric material in accordance with the present disclosure. Thus, the ability to use regrind
polymeric material to provide acceptable insulative non-aromatic polymeric material 1s
unexpected.

[0049] The spout included in the lid has a density. Density may vary according to the
formulation of insulative non-aromatic polymeric material used and the process used to form the
lid. Density of the spout may be one of several different values or fall within one of several
different ranges. It 1s within the scope of the present disclosure for the density to be one of the
following values: about 0.68 g/cm’, 0.69 g/cm’, 0.7 g/cm’, 0.71 g/cm’, 0.72 g/cm’, 0.73 g/cm’,
0.74 g/cm’, 0.75 g/cm’, 0.76 g/cm’, 0.77 g/cm’, 0.78 g/cm’, 0.79 g/cm’, 0.8 g/cm’, 0.81 g/cm’,
0.82 g/cm’, 0.83 g/cm’, 0.84 g/cm’, and 0.85 g/cm’. It is within the scope of the present
disclosure for the density to fall within one of many different ranges. In a first set of ranges, the
range of density of the spout is one of the following ranges: about 0.5 g/cm” to 0.9 g/cm’, 0.5
g/cm’ to 0.85 g/cm’, 0.5 g/ecm’ to 0.8 g/cm’, 0.5 g/cm’ to 0.75 g/em’, 0.5 g/em’ to 0.7 g/cm’, 0.5
g/cm’ to 0.65 g/cm’, and 0.5 g/cm’ to 0.6 g/cm’. In a second set of ranges, the range of density

of the spout is one of the following ranges: about 0.6 g/cm’ to 0.9 g/cm”, 0.6 g/cm’ to 0.85
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g/cm’, 0.6 g/cm’ to 0.8 g/cm’, 0.6 g/cm’ to 0.75 g/em’, 0.6 g/cm’ to 0.7 g/cm’, and 0.6 g/cm” to
0.65 g/cm”. In a third set of ranges, the range of density of the spout is one of the following
ranges: about 0.65 g/cm’ to 0.9 g/cm’, 0.65 g/cm’ to 0.85 g/cm”, 0.65 g/cm” to 0.8 g/cm’, 0.65
g/cm’ to 0.75 g/em’, and 0.65 g/cm” to 0.7 g/cm’. In a fourth set of ranges, the range of density
of the spout is one of the following ranges: about 0.7 g/cm’ to 0.9 g/cm”, 0.7 g/cm’ to 0.85
g/cm’, 0.7 g/em’ to 0.8 g/cm’, and 0.75 g/cm’ to 0.8 g/cm’. In a further embodiment, the spout
density is in a range of 0.350 g/cm’to 0.850 g/cm’.

[0050] While neither desiring to be bound by any particular theory nor intending to limit
in any measure the scope of the appended claims or their equivalents, it 1s presently believed that
the thermal conductivity of insulative non-aromatic polymeric material 1s related—at least in
part—to the density of the insulative non-aromatic polymeric material. The thermal
conductivity may be one of several different values or fall within one of several different ranges.
It 1s within the scope of the present disclosure for the thermal conductivity to be one of the
following values: about 0.13 W/(m*K), 0.14 W/(m*K), 0.15 W/(m*K), 0.16 W/(m*K), and
0.17 W/(m*K). It 1s within the scope of the present disclosure for the thermal conductivity to
fall within one of many difterent ranges. In a first set of ranges, the range of thermal
conductivity 1s one of the following ranges: about 0.13 W/(m*K) to 0.17 W/(m*K), 0.13
W/(m*K) to 0.16 W/(m*K), 0.13 W/(m*K) to 0.15 W/(m*K), and 0.13 W/(m*K) to 0.14
W/(m*K). In a second set of ranges, the range of thermal conductivity 1s one of the following
ranges: about 0.14 W/(m*K) to 0.17 W/(m*K), 0.14 W/(m*K) to 0.16 W/(m*K), and 0.14
W/(m*K) to 0.15 W/(m*K). In third set of ranges, the range of thermal conductivity is one of
the following ranges: about 0.15 W/(m*K) to 0.17 W/(m*K) and 0.16 W/(m*K) to 0.17
W/(m*K).

[0051] In an example, a lid may have a thermal conductivity of about 0.05 W/(m*K) to
0.3 W/(m*K) and a density of about 0.5 g/cm’ to 0.85 g/cm’. In an example, a lid may have a
thermal conductivity of about 0.1 W/(m*K) to 0.2 W/(m*K) and a density of about 0.5 g/cm’ to
0.85 g/cm”. In an example, a lid may have a thermal conductivity of about 0.13 W/(m*K) to
0.17 W/(m*K) and a density of about 0.5 g/cm” to 0.85 g/cm”. In an example, a lid may have a
thermal conductivity of about 0.15 W/(m*K) and a density of about 0.7 g/cm”. In an example, a
l1d may have a combined thermal conductivity and density as previously described herein. In an
example, a lid may have any combination of thermal conductivity and density as previously

described herein.
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[0052] While neither desiring to be bound by any particular theory nor intending to limit
in any measure the scope of the appended claims or their equivalents, it 1s believed that the
thermal conductivity of insulative non-aromatic polymeric material 1s further related—at least in
part—to the surface roughness of the insulative non-aromatic polymeric material. Surface
roughness may vary according to the formulation of insulative non-aromatic polymeric material
used, the process used to form the lid, the type of characterization technique used to quantity the
surface roughness (e.g., atomic force microscopy, non-contact optical profilometry, digital
microscopy 1n topography mode, and/or the like), and/or the size of the sample area subjected to
measurement.

[0053] Atomic force microscopy (AFM) refers to a technique for measuring the
roughness of a surface at high resolution. AFM microscopy may be used to measure surface
roughness on the order of fractions of a nanometer. As shown in simplified schematic form in
Fig. 12, an atomic force microscope works by moving a stylus tip 66 of a cantilever 68 across
the surface 70 of a sample. Forces between the stylus tip 66 and the surtace 70 may cause a
deflection of the cantilever 68 1n accordance with Hooke’s law. The amount of this deflection
may be measured in various ways. For example, as shown 1n Fig. 12, a laser beam 72 from a
laser 74 may be reflected off the cantilever 68 onto a photo-detector 76. As the cantilever 68 1s
displaced via interaction with the surface 70, the reflection of the laser beam 72 onto the surface
of the photo-detector 76 1s likewise displaced, and the amount of this displacement may be
quantified. AFM 1s a high-resolution technique and roughness on the order of from less than
about 1 nm up to about 100 nm may be characterized via AFM. In one example, the sample size
imaged via AFM 1s about 20 um x 20 pum.

[0054] Non-contact optical profilometry refers to a technique for measuring surface
roughness using a profilometer. In contrast to AFM in which a stylus 1s physically moved
across a surface 1n order to measure 1ts roughness, optical profilometry utilizes an optical probe
to measure height variations on the surface without physically touching the surface with a
mechanical part. As shown 1n simplified schematic form in Fig. 13, the surface 78 of a sample
may be scanned with an optical probe 80 from a profilometer (not shown), and light reflected

from the surface 78 may be detected by a detector 82. Roughness on the order of 1 nm to about

40 wm may be characterized using non-contact optical profilometry. In one example, the sample
size imaged via non-contact optical profilometry 1s about 1.6 mm x 1.6 mm (1600 um x 1600

um). In another example, the sample size imaged via non-contact optical profilometry 1s about
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0.8 mm x 0.8 mm (800 um x 800 wm). In a further example, the sample size imaged via non-

contact optical profilometry 1s about 0.4 mm x 0.4 mm (400 pwm x 400 um).

[0055] A third technique for characterizing the roughness of a surface uses a non-contact

digital microscope in topography mode. A digital microscope topographer may be used for

quantifying roughness that 1s too great (e.g., greater than about 40 \um) to be characterized by
optical profilometery. A digital microscope topographer functions similarly to a non-contact
optical profilometer, and the simplified schematic diagram shown in Fig. 13 may likewise be
used to describe a digital microscope topographer. For example, as shown in Fig. 13, the

surface 78 of the sample may be scanned with an optical probe 80 from a digital microscope (not

shown), and light reflected from the surface 78 may be detected by the detector 82. Roughness

on the order of about 1 um to about 1 mm may be characterized using a digital microscope in
topography mode. In one example, the sample size imaged via digital microscope 1n topography
mode 1s about 8 mm x 8§ mm.

[0056] Many different roughness parameters may be used to characterize the degree of
surface roughness of a sample, with different roughness parameters being calculated 1n specific
ways and/or by using specific formulae. In one example, the roughness parameter used to
describe surface roughness in accordance with the present disclosure 1s a profile roughness
parameter. Representative profile roughness parameters include, but are not limited to, the
arithmetic average of the roughness profile (R,). In another example, the roughness parameter
used to describe surface roughness in accordance with the present disclosure 1s peak-to-valley
(PV) roughness.

[0057] Surface roughness of the lid, or at least a portion thereof adapted for contacting
the mouth of a user (e.g., an outer surface, including but not limited to the drink spout 60, top
wall 62, and/or liquid discharge outlet 64), may be one of several different values or fall within
one of several different ranges. For example, 1t 1s within the scope of the present disclosure for
the surface roughness (e.g., R, surface roughness and/or PV surface roughness) to be one of the
following values: about 1 nm, 2 nm, 3 nm, 4 nm, S nm, 6 nm, 7 nm, 8 nm, 9 nm, 10 nm, 11 nm,
12 nm, 13 nm, 14 nm, 15 nm, 16 nm, 17 nm, 18 nm, 19 nm, 20 nm, 21 nm, 22 nm, 23 nm, 24
nm, 25 nm, 26 nm, 27 nm, 28 nm, 29 nm, 30 nm, 31 nm, 32 nm, 33 nm, 34 nm, 35 nm, 36 nm,
37 nm, 38 nm, 39 nm, 40 nm, 41 nm, 42 nm, 43 nm, 44 nm, 45 nm, 46 nm, 47 nm, 48 nm, 49
nm, 50 nm, 51 nm, 52 nm, 53 nm, 54 nm, 55 nm, 56 nm, 57 nm, 58 nm, 59 nm, 60 nm, 61 nm,
62 nm, 63 nm, 64 nm, 65 nm, 66 nm, 67 nm, 68 nm, 69 nm, 70 nm, 71 nm, 72 nm, 73 nm, 74

nm, 75 nm, 76 nm, 77 nm, 78 nm, 79 nm, 80 nm, 81 nm, 82 nm, 83 nm, 84 nm, 85 nm, 86 nm.,
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87 nm, 88 nm, 89 nm, 90 nm, 91 nm, 92 nm, 93 nm, 94 nm, 95 nm, 96 nm, 97 nm, 98 nm, 99

nm, 100 nm, 101 nm, 102 nm, 103 nm, 104 nm, 105 nm, 106 nm, 107 nm, 108 nm, 109 nm, 110
nm, I11nm, 112nm, 113 nm, [14nm, 115nm, 116 nm, 117 nm, 118 nm, 119 nm, 120 nm, 121
nm, 122 nm, 123 nm, 124 nm, 125 nm, 126 nm, 127 nm, 128 nm, 129 nm, 130 nm, 131 nm, 132
nm, 133 nm, 134 nm, 135 nm, 136 nm, 137 nm, 138 nm, 139 nm, 140 nm, 141 nm, 142 nm, 143
nm, 144 nm, 145 nm, 146 nm, 147 nm, 148 nm, 149 nm, 150 nm, 151 nm, 152 nm, 153 nm, 154
nm, 155 nm, 156 nm, 157 nm, 158 nm, 159 nm, 160 nm, 161 nm, 162 nm, 163 nm, 164 nm, 165
nm, 166 nm, 167 nm, 168 nm, 169 nm, 170 nm, 171 nm, 172 nm, 173 nm, 174 nm, 175 nm, 176
nm, 177 nm, 178 nm, 179 nm, 180 nm, 181 nm, 182 nm, 183 nm, 184 nm, 185 nm, 186 nm, 187
nm, 188 nm, 189 nm, 190 nm, 191 nm, 192 nm, 193 nm, 194 nm, 195 nm, 196 nm, 197 nm, 198
nm, 199 nm, 200 nm, 201 nm, 202 nm, 203 nm, 204 nm, 205 nm, 206 nm, 207 nm, 208 nm, 209
nm, 210 nm, 211 nm, 212 nm, 213 nm, 214 nm, 215 nm, 216 nm, 217 nm, 218 nm, 219 nm, 220
nm, 221 nm, 222 nm, 223 nm, 224 nm, 225 nm, 226 nm, 227 nm, 228 nm, 229 nm, 230 nm, 231
nm, 232 nm, 233 nm, 234 nm, 235 nm, 236 nm, 237 nm, 238 nm, 239 nm, 240 nm, 241 nm, 242
nm, 243 nm, 244 nm, 245 nm, 246 nm, 247 nm, 248 nm, 249 nm, 250 nm, 251 nm, 252 nm, 253
nm, 254 nm, 255 nm, 256 nm, 257 nm, 258 nm, 259 nm, 260 nm, 261 nm, 262 nm, 263 nm, 264
nm, 265 nm, 266 nm, 267 nm, 268 nm, 269 nm, 270 nm, 271 nm, 272 nm, 273 nm, 274 nm, 275
nm, 276 nm, 277 nm, 278 nm, 279 nm, 280 nm, 281 nm, 282 nm, 283 nm, 284 nm, 285 nm, 286
nm, 287 nm, 288 nm, 289 nm, 290 nm, 291 nm, 292 nm, 293 nm, 294 nm, 295 nm, 296 nm, 297
nm, 298 nm, 299 nm, 300 nm, 301 nm, 302 nm, 303 nm, 304 nm, 305 nm, 306 nm, 307 nm, 308
nm, 309 nm, 310 nm, 311 nm, 312 nm, 313 nm, 314 nm, 315 nm, 316 nm, 317 nm, 318 nm, 319
nm, 320 nm, 321 nm, 322 nm, 323 nm, 324 nm, 325 nm, 326 nm, 327 nm, 328 nm, 329 nm, 330
nm, 331 nm, 332 nm, 333 nm, 334 nm, 335 nm, 336 nm, 337 nm, 338 nm, 339 nm, 340 nm, 341
nm, 342 nm, 343 nm, 344 nm, 345 nm, 346 nm, 347 nm, 348 nm, 349 nm, 350 nm, 351 nm, 352
nm, 353 nm, 354 nm, 355 nm, 356 nm, 357 nm, 358 nm, 359 nm, 360 nm, 361 nm, 362 nm, 363
nm, 364 nm, 365 nm, 366 nm, 367 nm, 368 nm, 369 nm, 370 nm, 371 nm, 372 nm, 373 nm, 374
nm, 375 nm, 376 nm, 377 nm, 378 nm, 379 nm, 380 nm, 381 nm, 382 nm, 383 nm, 384 nm, 385
nm, 386 nm, 387 nm, 388 nm, 389 nm, 390 nm, 391 nm, 392 nm, 393 nm, 394 nm, 395 nm, 396
nm, 397 nm, 398 nm, 399 nm, 400 nm, 401 nm, 402 nm, 403 nm, 404 nm, 405 nm, 406 nm, 407
nm, 408 nm, 409 nm, 410 nm, 411 nm, 412 nm, 413 nm, 414 nm, 415 nm, 416 nm, 417 nm, 418
nm, 419 nm, 420 nm, 421 nm, 422 nm, 423 nm, 424 nm, 425 nm, 426 nm, 427 nm, 428 nm, 429
nm, 430 nm, 431 nm, 432 nm, 433 nm, 434 nm, 435 nm, 436 nm, 437 nm, 438 nm, 439 nm, 440
nm, 441 nm, 442 nm, 443 nm, 444 nm, 445 nm, 446 nm, 447 nm, 448 nm, 449 nm, 450 nm, 451
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nm, 452 nm, 453 nm, 454 nm, 455 nm, 456 nm, 457 nm, 458 nm, 459 nm, 460 nm, 461 nm, 462
nm, 463 nm, 464 nm, 465 nm, 466 nm, 467 nm, 468 nm, 469 nm, 470 nm, 471 nm, 472 nm, 473
nm, 474 nm, 475 nm, 476 nm, 477 nm, 478 nm, 479 nm, 480 nm, 481 nm, 482 nm, 483 nm, 484
nm, 485 nm, 486 nm, 487 nm, 488 nm, 489 nm, 490 nm, 491 nm, 492 nm, 493 nm, 494 nm, 495
nm, 496 nm, 497 nm, 498 nm, 499 nm, or 500 nm, .

[0058] It 1s likewi1se within the scope of the present disclosure for the surtace roughness
to fall within one of many different ranges. In a first set of ranges, the surface roughness of the
l1d 1s one of the following ranges: about 1 nm to S00 nm, 2 nm to 500 nm, 3 nm to 500 nm, 4 nm
to 500 nm, 5 nm to 500 nm, 10 nm to 500 nm, 15 nm to 500 nm, 20 nm to 500 nm, 25 nm to 500
nm, 30 nm to 500 nm, 35 nm to 500 nm, 40 nm to 500 nm, 45 nm to 500 nm, 50 nm to 500 nm,
55 nm to 500 nm, 60 nm to 500 nm, 65 nm to 500 nm, 70 nm to 500 nm, 75 nm to 500 nm, 80
nm to 500 nm, 85 nm to 500 nm, 90 nm to 500 nm, 95 nm to 500 nm, 100 nm to 500 nm, 105
nm to 500 nm, 110 nm to 500 nm, 115 nm to 500 nm, 120 nm to 500 nm, 125 nm to 500 nm,
130 nm to 500 nm, 135 nm to 500 nm, 140 nm to 500 nm, 145 nm to 500 nm, 150 nm to 500
nm, 155 nm to 500 nm, 160 nm to 500 nm, 165 nm to 500 nm, 170 nm to 500 nm, 175 nm to
500 nm, 180 nm to 500 nm, 185 nm to 500 nm, 190 nm to 500 nm, 195 nm to 500 nm, 200 nm
to 500 nm, 205 nm to 500 nm, 210 nm to 500 nm, 215 nm to 500 nm, 220 nm to 500 nm, 225
nm to 500 nm, 230 nm to 500 nm, 235 nm to 500 nm, 240 nm to 500 nm, 245 nm to 500 nm,
250 nm to 500 nm, 255 nm to 500 nm, 260 nm to 500 nm, 265 nm to 500 nm, 270 nm to 500
nm, 275 nm to S00 nm, 280 nm to 500 nm, 285 nm to 500 nm, 290 nm to 500 nm, 295 nm to
500 nm, 300 nm to 500 nm, 305 nm to 500 nm, 310 nm to 500 nm, 315 nm to 500 nm, 320 nm
to 500 nm, 325 nm to 500 nm, 330 nm to 500 nm, 335 nm to 500 nm, 340 nm to 500 nm, 345

nm to 500 nm, and 350 nm to S00 nm. In a second set of ranges, the surface roughness of the lid
1s one of the following ranges: about 5 nm to 499 nm, 5 nm to 495 nm, 5 nm to 490 nm, 5 nm to
485 nm, 5 nm to 480 nm, 5 nm to 475 nm, 5 nm to 470 nm, 5 nm to 465 nm, 5 nm to 460 nm, 5
nm to 455 nm, 5 nm to 450 nm, 5 nm to 445 nm, 5 nm to 440 nm, 5 nm to 435 nm, 5 nm to 430
nm, 5 nm to 425 nm, 5 nm to 420 nm, S nm to 415 nm, 5 nm to 410 nm, 5 nm to 405 nm, 5 nm
to 400 nm, 5 nm to 395 nm, 5 nm to 390 nm, 5 nm to 385 nm, 5 nm to 380 nm, 5 nm to 375 nm,
S nm to 370 nm, 5 nm to 365 nm, 5 nm to 360 nm, 5 nm to 355 nm, 5 nm to 350 nm, 5 nm to
345 nm, 5 nm to 340 nm, 5 nm to 335 nm, 5 nm to 330 nm, 5 nm to 325 nm, 5 nm to 320 nm, 5
nm to 315 nm, 5 nm to 310 nm, 5 nm to 305 nm, 5 nm to 300 nm, 5 nm to 295 nm, 5 nm to 290
nm, 5 nm to 285 nm, 5 nm to 280 nm, 5 nm to 275 nm, 5 nm to 270 nm, 5 nm to 265 nm, 5 nm

to 260 nm, 5 nm to 255 nm, 5 nm to 250 nm, 5 nm to 245 nm, 5 nm to 240 nm, 5 nm to 235 nm,
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5 nm to 230 nm, 5 nm to 225 nm, 5 nm to 220 nm, S nm to 215 nm, 5 nm to 210 nm, 5 nm to
205 nm, 5 nm to 200 nm, S nm to 195 nm, 5 nm to 190 nm, 5 nm to 185 nm, 5 nm to 180 nm, 5
nmto 175 nm, 5nmto 170 nm, 5 nm to 165 nm, 5 nm to 160 nm, 5 nm to 155 nm, 5 nm to 150
nm, 5 nm to 145 nm, S nm to 140 nm, 5 nm to 135 nm, 5 nm to 130 nm, S nm to 125 nm, 5 nm
to 120 nm, Snmto 115 nm, Snmto 110 nm, 5 nm to 105 nm, 5 nm to 100 nm, 5 nm to 95 nm, 5
nm to 90 nm, 5 nm to 85 nm, 5 nm to 80 nm, 5 nm to 75 nm, 5 nm to 70 nm, 5 nm to 65 nm, 5
nm to 60 nm, 5 nm to 55 nm, 5 nm to 50 nm, 5 nm to 45 nm, 5 nm to 40 nm, and 5 nm to 35 nm.
In a third set of ranges, the surface roughness of the lid is one of the following ranges: about 4
nm to 499 nm, 5 nm to 498 nm, 10 nm to 495 nm, 15 nm to 490 nm, 20 nm to 485 nm, 25 nm to
480 nm, 30 nm to 475 nm, 35 nm to 470 nm, 40 nm to 465 nm, 45 nm to 460 nm, 50 nm to 455
nm, 55 nm to 450 nm, 60 nm to 445 nm, 65 nm to 440 nm, 70 nm to 435 nm, 75 nm to 430 nm,
80 nm to 425 nm, 85 nm to 420 nm, 90 nm to 415 nm, 95 nm to 410 nm, 100 nm to 405 nm, 1035
nm to 400 nm, 110 nm to 395 nm, 115 nm to 390 nm, 120 nm to 385 nm, 125 nm to 380 nm,
130 nm to 375 nm, 135 nm to 370 nm, 140 nm to 365 nm, 145 nm to 360 nm, 150 nm to 355
nm, 155 nm to 350 nm, 160 nm to 345 nm, 165 nm to 340 nm, 170 nm to 335 nm, 175 nm to
330 nm, 180 nm to 325 nm, 185 nm to 320 nm, 190 nm to 315 nm, 195 nm to 310 nm, and 200
nm to 305 nm. In a fourth set of ranges, the surface roughness of the lid 1s one of the following
ranges: about 5 nm to 365 nm, 7 nm to 360 nm, 12 nm to 355 nm, 13 nm to 350 nm, 14 nm to
345 nm, and 15 nm to 340 nm.

[0059] In some embodiments, the R, surface roughness of a lid 1n accordance with the
present disclosure 1s determined by non-contact optical profilometry. In some examples, the R,

surface roughness of a lid in accordance with the present disclosure, as determined by non-

contact optical profilometry on an image area of about 1.6 um x 1.60 \um and/or an image area

of about 400 um x 400 wm, 1s one of the above-described nanoscale (nm) values and/or within
one of the above-described ranges of nanoscale (nm) values.

[0060] In other embodiments, the R, surface roughness of a lid 1in accordance with the
present disclosure 1s determined by atomic force microscopy. In some examples, the R, surface

roughness of a lid in accordance with the present disclosure, as determined by AFM on an image
area of about 20 um x 20 \m, 1s one of the above-described nanoscale (nm) values and/or within
one of the above-described ranges of nanoscale (nm) values.

[0061] In further embodiments, the R, surface roughness of a lid in accordance with the

present disclosure 1s determined by a digital microscope in topography mode. In some

examples, the R, surface roughness of a lid in accordance with the present disclosure, as
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determined by a digital microscope in topography mode on an image area of about 8 mm x 8
mm, 1S one of the above-described nanoscale (nm) values and/or within one of the above-
described ranges of nanoscale (nm) values.

[0062] In some embodiments, the PV surface roughness of a lid in accordance with the
present disclosure 1s determined by non-contact optical profilometry. In some examples, the PV

surface roughness of a lid in accordance with the present disclosure, as determined by non-

contact optical profilometry on an 1image area of about 1.6 um x 1.6 um and/or an 1image area of

about 400 um x 400 wm, 1s one of the above-described nanoscale (nm) values and/or within one
of the above-described ranges of nanoscale (nm) values.

[0063] In other embodiments, the PV surface roughness of a lid in accordance with the
present disclosure 1s determined by AFM. In some embodiments, the PV surface roughness of a

l1d 1n accordance with the present disclosure, determined by AFM on an 1image area of about 20

um x 20 um, 1s one of the above-described nanoscale (nm) values and/or within one of the
above-described ranges of nanoscale (nm) values.

[0064] In further embodiments, the PV surface roughness of a lid in accordance with the
present disclosure 1s determined by a digital microscope in topography mode. In some
embodiments, the PV surface roughness of a lid in accordance with the present disclosure, as
determined by a digital microscope in topography mode on an image area of about 8 mm x 8
mm, 1S one of the above-described nanoscale (nm) values and/or within one of the above-
described ranges of nanoscale (nm) values.

[0065] As described above, the surface roughness of a lid in accordance with the present
disclosure—or of at least a portion of the lid adapted for contacting the mouth of a user (e.g., an
outer surface, including but not limited to the drink spout 60, top wall 62, and/or liquid
discharge outlet 64) may be a nanoscale (nm) value. Alternatively or additionally, in some
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