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MICRO-STRUCTURED SURFACE WITH IMPROVED INSULATION AND
CONDENSATION RESISTANCE

CLAIM OF PRIORITY

[0001] This application claims priority from United States Provisional Application

62/291 ,833 filed 02/05/2016.

BACKGROUND OF THE INVENTION

[0002] 1) Field of the Invention

[0003] The present invention relates to a surface such as a beverage cup,

bottles, paper labels, appliance surfaces, bowls, containers, pipe, and the like, having

improved insulation properties, reduced condensation and improved tactile feel.

[0004] 2) Description of Related Art

[0005] For beverage container such as coffee cups and the like, the beverage is

typically served at temperatures in excess of 160°F and even in excess of 185°F. Even

brief exposure to these temperatures can cause significant scalding. The risk of

scalding is increased with hot beverages when served in paper or plastic disposable

cups. The paper or plastic must be kept thin to reduce cost, weight, and the height or

volume of a stack of cups.

[0006] Attempts have been made to balance the thinning of the paper or plastic

of the cup materials with the need to protect from scalding such as United States Patent

5,222,656 directed to a sleeve for insulating the hand while holding a beverage cup. A

tubular body of felt-like material conforms by a press fit relationship with the sidewall of

a beverage cup when the beverage cup is inserted into the sleeve through the first end

of the body. United States Patent 5,579,949 is directed to a "C" shaped sleeve for

insulating the hand while holding a beverage cup. A plastic molded shape having two



broadened ends connected by a thinner central strip form a "C" that is sized to be

slightly under the diameter of a conventional hot beverage cup and to snap onto the

sidewall of the beverage cup and hold in a spring like fashion. United States Patent

5,667,1 35 is directed to "honeycombed" insulation sleeve disposed around a beverage

cup. United States Patent 5,454,484 is directed to paper sleeve, stored in folded

configuration, and expanded for receiving a cup.

[0007] There is also disadvantages of placing cold liquids in "thin" containers in

that temperature differences between the beverage container outer wall, ambient

temperature, and moisture levels can cause condensation on the outer wall of the

beverage container. Such containers include paper or plastic cups, ice cream

containers, and ice trays just to name a few. Previous attempts to reduce or eliminate

the effect of condensation on such a surface have been tried. Condensation on the

surface, such as a beverage container, bowl and the like, can damage supporting

surfaces such as table tops an counter tops. Additionally, condensation on a surface

can reduce the ability to securely hold the surface such as with a beverage container

becoming "slick". Additionally, condensation on the surface can cause the underlying

structure to degrade. The well-known effect of condensation on paper cups where the

condensation breaks down the structural integrity of the beverage container is one

example.

[0008] Such attempts to manage condensation include United States Patent

1,91 0,1 39 directed to a liquid absorbing pad placed on supporting surfaces such as

under glasses, pitchers and other receptacles whereby the condensation which forms

and accumulates on the outside of the receptacles when used for serving cold



beverages may be absorbed and prevented from wetting the supporting surfaces.

Other coasters are described in United States Patents 2,014,268; 1,959,1 34, 2,21 5,633,

and 2,595,961 . Much effort has been directed to the management of condensation and

not necessarily to the prevention of condensation on these paper or plastic beverage

cup, especially those with thinner walls and especially for disposable beverage

containers.

[0009] Additionally, for beverage containers used with cold liquids, condensation

can be reduced by using insulating rubber or foam sleeves. However, these solutions

are expensive and add additional weight. Much attention should be spent on reducing

heat transfer, scalding, and condensation on thin, disposable paper or plastic cups.

[0010] By way to example and not limitation, the beverage container will be used

in the application to illustrate the invention. The invention can apply as well to a surface

that is used for ice trays, bottles, paper or plastic cups, ice cream containers, ice

containers, coolers, pipe, mechanical parts, electrical parts, durable goods, and other

such articles that can use the benefits of the present invention to improve the insulation

against heat and prevent condensation that occurs due to the temperature differential in

proximity to the surface.

[001 1] Accordingly, it is an object of the present invention to provide a beverage

container that provides improved insulation properties for hot liquids and reduces

condensation for cold liquids.

[0012] It is another object of the present invention to provide a beverage

container that reduces or eliminates the need for cup sleeves and coasters, or that allow

the sleeve to be thinner and lighter weight.



[0013] It is another object of the present invention to provide improved insulating

ability of thin surfaces to control heat transfer from the surface to an object touching the

surface or to improve resistance to condensation of liquids from a humid atmosphere.

[0014] It is another object of the present invention to reduce the sensation of heat

and to protect the hand from scalding without the need for an insulating glove, a second

cup used over the inner cup, a paper sleeve or corrugated paper for a cardboard

second layer or sleeve to prevent additional cost, weight, and thickness.

SUMMARY OF THE INVENTION

[0015] The above objectives are accomplished according to the present invention

by providing a micro-structure that can include micro-features or a patterned micro-

surface of a particular design to control heat transfer between the cup surface and the

external environment. A notable aspect of the design of the patterned micro-surface is

the use of high aspect ratio features that are taller than they are wide. The micro-

features provide for a decrease in condensation on the outer wall of the beverage

container containing a cold liquid. The decrease in condensation includes decreased

condensation or humidity on a container containing a cold liquid and that do not leave

condensation on a surface below the container after 25 minutes in a humid

environment.

[0016] The micro-features on a surface can reduce heat transfer between a

surface made from rubber, paper, metal, plastic, glass, ceramic, or any combination

thereof. The surface can be manufactured by injection molding, compression molding,

lamination, embossing, stamping, sintering, additive manufacturing, milling, electrical

discharge machining, casting, laser engraving, or by printing processes including ink jet



processes, roll to roll contact print processes, intaglio printing, cast and cure transfer

printing and similar printing processes. The micro-features can be made by printing ink

on paper using inks that form three dimensional structures and include methods such as

ink jet printing, thermal printing, additive manufacturing, and the like. The micro-

features can be formed by the use of expandable materials which expand into a mold to

form or impart features into the expandable material. The microfeatures can be applied to a

material surface where multiple microfeatured surfaces can be brought together in successive

steps whether of the same or multiple materials to make a combined micro surface the achieves

the same performance or instances where the microfeatures can be placed on both sides of the

material to achieve an additive benefit.

[0017] The micro-features themselves can be taken from the group consisting of

regular or irregular horizontal cross section shape including circles, ovals, squares,

triangles, polygons, or ridges.

[0018] The invention can include a surface having micro-features where the

micro-features are between 70 m and 1000 m tall where the micro-structure density

is between about 0.5% and 25% and includes the physical property of reducing heat

transfer from a hot surface to a second surface that rests against the outer ends of the

micro-features facing away from the hot surface. The micro-features are uniformly

distributed in a random patterned array. The surface can be disposed on a beverage

container. The beverage container can be held by a person from 11 seconds for a

smooth cup to over 29 seconds for one with micro-structures when the beverage

container includes liquid with a temperature of 190°F or higher. Condensation or

humidity on a cup containing a cold liquid and on a surface below the container can be



decreased in relation to a beverage cup without the surface. The surface can include a

decrease in condensation or humidity on a surface and that does not leave

condensation on a surface below the container after 25 minutes in a humid

environment. The surface can be made of rubber, paper, metal, plastic, glass, ceramic,

or any combination. The surface can be made by injection molding, compression

molding, lamination, embossing, stamping, sintering, additive manufacturing, milling,

electrical discharge machining, casting, laser engraving, or by printing processes

including ink jet processes, roll to roll contact print processes, intaglio printing, cast and

cure transfer printing and similar printing processes. The surface can be made by ink

jet printing, thermal printing, additive manufacturing, and the like, and any combination.

The micro-features can include any regular or irregular horizontal cross section shape

including circles, ovals, squares, triangles, polygons, linear ridges, or any combination

thereof. The micro-features can be used in conjunction with other mircro-features,

dispersed within the same area, separated in distinct areas, or on the opposing side of

the material carrying the micro-feature.

[0019] The invention can include a micro-featured surface with improved

insulation and condensation resistance comprising: a micro-structure on a substrate

having an arrangement of a first set of micro-features and a second set of micro-

features; a first micro-feature horizontal cross section taken from the group consisting of

a circle, oval, polygon, and concave portion; a first micro-feature horizontal cross

section dimension included in the first set of micro-features in a range of 300 m to 750

m; a pitch included in the micro-structure in a range of 450 m to 1650 m; a spacing

between the first set of micro-features in the micro-structure in the range of 300 m to



1650 µ τ ι; a depth of the first set of micro-features in a range of 420 m to 2000 m; a

condensation rate less than 0.1 5 grams when measured by an ambient test method; a

second set of micro-features included in the first set of micro-features having a second

micro-feature horizontal cross section taken from the group consisting of pillars and

opening; a second micro-feature horizontal cross section dimension included in the set

of micro-features equal to or less than 100 m; and, an improved hold time of 23.00% or

greater as shown by hold testing wherein a micro-feature density is in a range of 0.5%

to 25.00%.

[0020] The second set of micro-features can include an opening defined in a top

of a first micro-feature having a diameter of about 100 m and extending into a micro-

feature at least 50 m. The surface can have pillars extending upward from a top of a

first micro-feature having a width of about 50 m and a height of about 50 m. The

pillars can include a width of a micro-feature in the first set of micro-features has a

length greater than a width and are arranged offset relative to an adjacent first micro-

feature in the micro-structure. The micro-features can be arranged in an alternating

orthogonal pattern in the micro-structure.

[0021] The micro-features can include a micro-feature horizontal cross section

dimension included in each micro-feature in the range of 300 m to 750 m; a pitch

included in the micro-structure in the range of 450 m to 1950 m; a spacing between

the micro-features in a range of 50 m to 1650 m; a depth of the micro-features in a

range of 230 m to 2000 m; and, a condensation rate improvement greater than 25%.

The micro-featured surface can include a micro-structure disposed on a substrate

having a first set of micro-features included on the substrate and a second set of micro-



features included in the first set of micro-features; a first micro-feature horizontal cross

section taken from the group consisting of a circle, oval, polygon, and concave portion;

a first micro-feature horizontal cross section having a width of about 200 m; second

micro-feature horizontal cross section taken from the group consisting of pillars and

opening; a second micro-feature horizontal cross section dimension included in the set

of micro-features equal to or less than 100 m; and, an improved hold time of 23.00% or

greater as shown by hold testing wherein a micro-feature density is in the range of 0.5%

to 25.00%.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The construction designed to carry out the invention will hereinafter be

described, together with other features thereof. The invention will be more readily

understood from a reading of the following specification and by reference to the

accompanying drawings forming a part thereof, wherein an example of the invention is

shown and wherein:

[0023] Figure 1 shows a front view of aspects of the invention;

[0024] Figure 2 shows several physical properties of the invention;

[0025] Figure 3A is a perspective view of aspects of the invention;

[0026] Figure 3B is a top view of aspects of the invention;

[0027] Figure 4A is a perspective view of aspects of the invention;

[0028] Figure 4B is a top view of aspects of the invention;

[0029] Figure 5A is a perspective view of aspects of the invention;

[0030] Figure 5B is a top view of aspects of the invention;

[0031] Figure 5C is a side view cut section of aspects of the invention;



[0032] Figure 6A is a perspective view of aspects of the invention;

[0033] Figure 6B is a top view of aspects of the invention;

[0034] Figures 6C and 6D are side view cut sections of aspects of the invention;

[0035] Figure 7A is a perspective view of aspects of the invention;

[0036] Figure 7B is a top view of aspects of the invention;

[0037] Figure 7C is a side view cut section of aspects of the invention;

[0038] Figure 8A is a perspective view of aspects of the invention;

[0039] Figure 8B is a top view of aspects of the invention;

[0040] Figure 9A is a perspective view of aspects of the invention;

[0041] Figure 9B is a top view of aspects of the invention;

[0042] Figure 3A is a perspective view of aspects of the invention;

[0043] Figure 10 is a perspective view of aspects of the invention; and,

[0044] Figure 11 is a perspective view of aspects of the invention.

[0045] It will be understood by those skilled in the art that one or more aspects of

this invention can meet certain objectives, while one or more other aspects can meet

certain other objectives. Each objective may not apply equally, in all its respects, to

every aspect of this invention. As such, the preceding objects can be viewed in the

alternative with respect to any one aspect of this invention. These and other objects

and features of the invention will become more fully apparent when the following

detailed description is read in conjunction with the accompanying figures and examples.

However, it is to be understood that both the foregoing summary of the invention and

the following detailed description are of a preferred embodiment and not restrictive of

the invention or other alternate embodiments of the invention. In particular, while the



invention is described herein with reference to a number of specific embodiments, it will

be appreciated that the description is illustrative of the invention and is not constructed

as limiting of the invention. Various modifications and applications may occur to those

who are skilled in the art, without departing from the spirit and the scope of the

invention, as described by the appended claims. Likewise, other objects, features,

benefits and advantages of the present invention will be apparent from this summary

and certain embodiments described below, and will be readily apparent to those skilled

in the art. Such objects, features, benefits and advantages will be apparent from the

above in conjunction with the accompanying examples, data, figures and all reasonable

inferences to be drawn therefrom, alone or with consideration of the references

incorporated herein.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

[0046] With reference to the drawings, the invention will now be described in

more detail. Unless defined otherwise, all technical and scientific terms used herein

have the same meaning as commonly understood to one of ordinary skill in the art to

which the presently disclosed subject matter belongs. Although any methods, devices,

and materials similar or equivalent to those described herein can be used in the practice

or testing of the presently disclosed subject matter, representative methods, devices,

and materials are herein described.

[0047] Referring to Figure 1, a container 10, cup in one example, is provided with

micro-structures 12 on at least a portion of the outer wall 14 of the container that can

come into contact with an individual's hand having a micro-structured outer wall surface

16 of a beverage container. The portion having micro-features can be of any shape,



and can be transparent or partially transparent so as to allow a graphic 13 , such as a

logo, to view through the micro-feature. The micro-structured surface can also be on a

surface that is integrated into an article such a cup, glass, beverage container, film

wrap, tape, label, pipe, or ice tray 11, to provide some examples. The micro-features

can be manufactured into the outer wall surface. In one embodiment, the micro-

features or micro-patterns can include individual features with height between 70 m

and 1000 m. The micro-structures with a micro-feature density on the outer wall of the

beverage container of between about 0.5% and 25% reduce heat transfer from a hot

surface (such as an outer wall) to a second surface (such as a hand) that rests against

the outer ends of the micro features facing away from the hot surface. The micro-

features can be uniformly distributed in a random pattern or can be systematically

arranged such as in rows, grids, asymmetrical arrangement, offset rows, or any

combination.

[0048] The substrata can include a micro-structured side where the micro-feature

included in the micro-structure is disposed away from an article where the micro-

structure is attached. The micro-structure can be manufactured into an article, such as

a cup, so that the substrate coincides with a surface of the article itself. In one

embodiment, the substrate can be adhered to an article and therefore can include an

attachment side to adhere the substrate to an article allowing the micro-structured side

to face outward from the article.

[0049] Using the microstructure can increase the hold time a container containing

a hot liquid can be held by a person, test subject, from 11 seconds for a smooth cup to

over 29 seconds for a micro-structured cup in one embodiment. This is shown by hold



testing, in one scenario, by having test subjects hold cups filled with water heated to at

least 190° F. The cups were covered with polypropylene sheets that had various micro-

surface patterns embossed on their outer surface. The time was measured until the cup

was uncomfortable to hold and the person needed to set it down. Multiple repeats of the

test were done to ensure that the results were valid. From these test, the following

results were obtained as shown in Table 1 and Figure 2A through 2F corresponding

below.

[0050] The micro-feature density on the outer wall is related to the improved

insulation properties an anti-condensation property of the present invention. Micro-

feature density is the ratio of micro-structured feature in a given area to the total area.

For example, if a portion of the outer surface of the beverage container is 100 cm2 and

the micro-feature structures occupy 10 cm2 , then the micro-feature density would be

10%. The micro-feature density can be varied from 0% to 100%. Hold time (in

seconds), in one scenario, relates to the micro-feature density (in percentages) as

shown in Table 2 .



20% 19 72.73%
25% 14 27.27%
100% 11 0.00%

From the data gathered in the hot cup portion of this study it appears that embodiment

#128AP performed the best in average hold time when being observed in a general

demographic or participants.

[0051] The present invention can also include several embodiments where the

micro-feature height is varied and that hold time is affected by the micro-feature height.

The relationship between the micro-feature height and the hold time is shown in Table

3 .

A micro-feature that that is 420 microns tall and that has 1% contact to the skin, tested

the same of the paper sleeve (in the range 52 to 65 seconds). The upper 50 microns of

the pillar had reduced area of contact. The two level design prevented penetration into

the skin to the depth of the nerves. Thus it was comfortable when squeezed (in either

cups filled with hot or cold beverage). In one embodiment includes micro-features that

are 1000 micron tall and have 11% contact to the skin. This embodiment tested

superior to the paper sleeve (range 30 to 199 seconds). As shown, increasing the

micro-feature height improves the hold time for a beverage container with hot liquid.

Table 4 illustrates additional properties of the present invention.

TABLE 4



300µηι

Further testing was conducted with additional micro patterns developed as shown in
Table 5 .
Table 5 - Additional Micro Patterns Developed for Hot Surfaces

Table 6 shows results of testing the additional surfaces.
Table 6 - Test Results for Hold Time with Hot Liquids



Sleeve 5

In pair-wise comparison ranking measuring the time for several people holding the cups
and comparing in pairs, micro surfaces H226AP and H227AP were superior to with use
paper sleeve or the paper or polypropylene coated cups. H238AP, H239AP, and
H240AP gave statistically the same hold time as when a paper sleeve was used and
were superior to the paper or polypropylene coated cups. Further reduction of contact
area and increases in height improved hold time.

[0052] We also see that a reduction of condensation, measured by weight, for a

beverage container with a cold liquid based upon the particular microstructure pattern

that is used. Referring to Figure 2A through 2F, the micro-feature patterns that are

included in several embodiments are shown and designated pattern #000, #003AP,

#008AP, #049AP, #128AP and #129AP respectively. Pattern 000 is a non-micro-

featured surface and used a control for testing of the various embodiments of the

present invention. Pattern #003AP generally contains micro-features with horizontal

cross sections that are oval and can include rounded edges. The various micro-

features can be arranged so that the long axis of the micro-features alternate about 180

degree to the adjacent micro-feature or are in an alternating orthogonal pattern. Pattern

#008AP includes a horizontal cross section that is generally circular and can have

generally flat or rounded tips or tops. The micro-features can be arranged in an offset

linear fashion so that the vertical rows are offset in relation to the adjacent vertical rows.

Pattern #049AP is ridges that run along the surface in generally parallel formation.



Pattern #128AP generally contains micro-features with cross sections that are elliptical.

The various micro-features can be arranged so that the long axis of the micro-features

alternate about 180 degree to the adjacent micro-feature or are in an alternating

orthogonal pattern.

[0053] Referring to Figures 3A and 3B, a perspective view and top view showing

micro-features that are have a generally oval horizontal cross section 2 1. The micro-

features can be arranged so that the long axis 20a of the micro-features alternate about

180 degrees to the adjacent long axis 20b micro-feature or are in an alternating

orthogonal pattern shown generally as 22. In one embodiment, the width 24 of the

micro-feature is in the range of 0.25 mm and 0.30 mm; the length 26 is in the range of

0.55 mm to 0.65 mm. The height 28 is in the range of 0.35 mm and 0.50 mm. The

spacing 30 between micro-feature is in the range of 1. 10 mm and 1.30 mm. In one

embodiment, the ends 32 of the micro-feature can be curved.

[0054] Referring to Figures 4A and 4B, the micro-features shown can have a

generally circular cross section 34. In one embodiment, the diameter of the cross

section is in the range of 0.40 mm to 0.50 mm. The pitch, or distance 36 between

micro-features is in the range of 1. 10 mm and 1.30 mm. The height 38 is in the range of

0.35 mm to 0.50 mm. In one embodiment, the pitch 40 can be in the range of 0.40 mm

to 0.60 mm and is about 0.50 mm in one embodiment. In one embodiment, the pitch is

in the range of 0.70 mm and 0.80 mm and 0.75 mm on one embodiment. In one

embodiment, the pitch is in the range of 1.80 mm and 2.1 0 mm and 1.95 mm in one

embodiment. In one embodiment, the pitch is in the range of 3.40 mm and 3.50 mm

and 3.45 mm on one embodiment. In one embodiment, the diameter of the micro-



features is in the range of 0.05 mm and 0.1 5 mm. The pitch is in the range of 0.80 mm

and 0.90 mm. The height can be in the range of 0.025 mm to 0.075 mm in one

embodiment, 0.8 mm to 1.2 mm in one embodiment and 1.8 mm to 2.2 mm in one

embodiment.

[0055] Referring to Figures 5A through 5C, one embodiment of micro-features is

shown. In this embodiment, the micro-feature can have a generally circular horizontal

cross section 40 in a lower section 44 with a conical section 42 adjacent to the lower

section wherein the in the conical section the diameter of the conical section decreases

in a direction 46 opposite the substrate. The lower section can have an elevated cross

section of a polygon, rectangle, and square. The pitch 48 can be in the range of 1. 10

mm to 1.3 mm. The diameter of the lower section can be in the range of 0.8 mm to 1.2

mm. The height of the lower section and conical section together can be in the range of

0.35 mm to 0.5 mm. Referring to Figure 5C, showing an elevated cross section along

4 1, the conical section can include a top angle 50 in the range of 130° to 150°. In one

embodiment, the micro-feature does not include the lower section. The pitch can be in

the range of 2.50 mm to 3.00 mm. The height of the conical section can be in the range

of 0.30 mm to 0.50 mm.

[0056] Referring to Figures 6A through 6D, the micro-features can include

generally oblong horizontal cross sections 52 and can be arranged with alternating 180°

offset relative to the adjacent micro-features. The sides 54 of the micro-feature can

include a curve. On one embodiment, the area of the elevated cross section 53 can

decrease in a direction 56 opposite the substrate. The pitch can be in the range of 1.00

mm to 1.40 mm. The elevated cross section at the largest point 58 of the micro feature



can be in the range of 0.40 mm to 0.80 mm. The height 60 of the micro-feature can in

the range of 0.35 mm to 0.50 mm. In one embodiment, the top 62 of the micro-feature

is generally flat. The opening angle 64 can be in the range of 10° to 20°. In one

embodiment, the opening angle is in the range of 20° to 50°. In one embodiment, the

top 66 of the micro-feature can be rounded. In one embodiment, the micro-feature is a

partial sphere having a diameter in the range of 0.40 mm to 0.50 mm. The partial

sphere 68 can have a radius 70 of 0.23 mm.

[0057] Referring to Figures 7A and 7B, one embodiment is shown with ridges 72

defining slots 74 on a substrate. The ridges can have a width 76 in the range of 0.30

mm to 0.50 mm, a pitch 78 in the range of 1.00 mm to 1.40 mm and a height 80 in the

range of 0.30 mm to 0.50 mm. The ridges can be tapered side 80a and 80b with an

open angle 82 in the range of 2.00° to 5.00°. An elevated cross section of one or more

micro-features along direction 8 1 can be a polygon and in one embodiment, a square.

[0058] Referring to Figure 8A and 8B, one embodiment is shown with opening 84

defined in a substrate 86. The opening can be circular, oval, polygon, asymmetrical

shape or any combination thereof. In one embodiment, the opening is a hexagon. The

opening can be separated as shown by 88 between 0.65 mm to 0.85 mm from side to

side and the pitch 90 between sides can be in the range of 0.35 mm to 0.55 mm. The

substrate can have a thickness 92 in the range of 0.35 mm to 0.50 mm. The elevated

cross section along 9 1 can include concave portion defined in the substrate. The

concave portion can be a partial circle, oval, or polygon. Referring to Figures 9A and

9B, the combination of these micro-features can be used to form a micro-structured

surface. In this embodiment, ridges 94 are disposed adjacent to an arrangement of



columns 96. The first set of micro-features 98 can be adjacent to a second set of micro-

features 100 which can in turn be adjacent to a third set of micro-features 102. Two or

more sets of micro-features can alternate along the substrate 104 to form a micro-

structured surface.

[0059] Referring to Figure 10 , the micro-feature is shown that can be used to

provide for improved insulation properties of a container. This aspect of the invention

can be used to improve the tactical sensation of holding a hot container such as a cup

and to eliminate the need for accessories such as cup sleeves. The micro-features can

include a circular horizontal cross section and be generally column configuration. One

or more columns of the micro-feature can include a vertical cavity defined in the column

extended lengthwise along the column. The cavity can extend through the entire

column or only through a portion of the column. The arrangement of columns 106 can

include column 108 having an outer diameter 110 and an opening 112 defined in the top

of the column. The opening can extend through the column and in one embodiment,

extends into the column a depth in the range of 0.025 mm to the length of the column.

The outer diameter can be in the range of 0.1 0 mm to 0.30 mm and the diameter of the

opening can be in the range of 0.05 mm to 0.1 5 mm. Referring to Figure 11, the micro-

features 114 can have a horizontal cross section 115 that is a polygon and specifically a

square in one embodiment. A second layer 116 of micro-features can be placed on the

first micro-feature 114. In one embodiment, the second layer of micro-features includes

secondary micro-feature 118 disposed at the corners of the top of the first micro-feature.

In one embodiment, the first micro-feature has a width and length in the range of 0.1 0



mm to 0.30 mm and the secondary micro-feature has a width and depth in the range of

0.025 mm to 0.075 mm. The pitch 120 can be in the range of 1. 10 mm to 1.30 mm.

[0060] The present invention can also reduce the amount of condensation on the

outer wall of the beverage container when the beverage container contains a cold liquid.

Different micro-feature patterns are placed on the outer wall; beverage containers were

covered with thin sheets of polypropylene and embossed with the various micro-

patterns. The beverage containers were then filled with a precise amount of ice and

water. The exterior surface was dried and then the cups were placed in a 100% humid

chamber on a dry dish. The humidity chamber was continuously replenished with

humidity from a container of boiling water. The cups and the dish under the cup were

weighed every 5 minutes for 25 minutes. The results of the weight of the condensation

on the beverage container for each of the microstructure patterns is generally shown in

Table 7 .

The weight in grams of the condensation in the dish placed under the beverage

container is shown in Table 8 at various measurement times.



[0061] We also see that the height of the micro-features on the outer wall of the

beverage container affects the amount of condensation produced. Generally, the higher

the micro-feature height, the less condensation is produced. The relationship between

the height of the micro-features and the condensation measured by weight is shown in

Table 9 .

Initial finding show that pattern #128AP is the best performer in gathering the least

amount of condensation on the cup. Additionally pattern #128AP was also the best

performer in the amount of condensation that fell off the cup into a dish beneath it. The

control pattern overall did the worst except for in one instance where #003AP did

slightly worse in the amount of condensation gathered into a dish.

[0062] The weight of condensation on the dish below the cup for various micro-

feature densities is shown in Table 10 .



[0063] The micro-patterns can be formed on paper, metal, ceramic, or plastic

surfaces such as cups by embossing, stamping, injection molding, compression

molding, laminating, ink jet printing, additive manufacturing processes, and by other ink

printing processes. The ink printing processes can include techniques of using viscous

inks that give raised features such as thermal transfer printing. Micro-features placed

on the outer wall of a beverage container with heights between 70 m and 1000 m,

and with micro-features densities of between about 0.5% and 25% reduce vapor

condensation from a humid atmosphere.

[0064] In one scenario using an ambient test method, the test sample is a cup

that is filled with ice water. The cup is placed on a pre-weighted dish. The cup and dish

is placed in an ambient environment, such as an office setting or outdoors with humidity

in excess 50%. After a pre-determined time, 1 hour in one scenario, the dish and cup is

weighted and the difference from the prior weighting is recorded representing

condensation.

[0065] In one embodiment a fog test method is used wherein a semi-sealed

chamber with piezo humidifier generating fog equal to or greater than 90% humidity can

be used. Boiling water placed in the chamber provides the humidity. In one

embodiment, a fog generator is used including a chamber with a fan to circulate air to

reduce or eliminate the humidity gradient. In one scenario, the lowering the fog

generator output and potentially passing the fog through a mixing chamber to dissipate

fog droplets into vapor results in around 75% relative humidity in the chamber. The

results from these tests are shown in Table 11.



Pattern ID Petri Dish Cup wt. Added After 2 hrs After 2 hrs remaining
wt. water and cup+water petri dish condensation

ice wt. and ice+ wt. on dish
petri dish
wt.

H216 8.31 22.07 430.69 454.12 8.41 0.1
H217 8.31 23.66 407.55 441 .07 8.39 0.08
H218 8.31 23.32 418.99 443.83 8.4 0.09
H219 8.3 21.62 413.15 444.45 8.38 0.08
H220 8.31 21.01 408.23 430.03 8.37 0.06
H221 0
H222 8.31 21.04 415.52 437.49 8.4 0.09
H223 8.31 22.18 417.18 449.99 8.43 0.12
H224 8.31 20.93 401 .65 432.02 8.36 0.05
H225 8.32 20.5 408.55 438.59 8.49 0.17
H226 8.31 23.78 406.15 439.41 8.36 0.05
H227 8.32 25.17 413.94 414.74 8.4 0.08
H228 8.31 22.59 4 11.98 436.1 1 8.37 0.06
H229 8.31 23.12 424.25 456.54 8.34 0.03
H230 8.31 20.63 413.14 443.56 8.36 0.05
H231 0
H232 8.31 24.36 404.65 431 .04 8.36 0.05
H233 0
H234 (H) 8.31 20.29 428.1 449.83 8.34 0.03
H235 8.31 21.66 415.43 446.93 8.35 0.04
H236 8.31 23.73 410.64 435.87 8.36 0.05
H237 8.33 21.6 409.95 441 .01 8.33 0
window 8.32 16.65 403.1 1 429.32 8.55 0.23
screen

Additional information is shown in Tables 12A and 12B.



H237AP 0.04 381 lines 1200 420 8 19 14

H235AP 0.1 5 450 lines + pillars 1200 420 750 0

H21 6AP 0.08 450 circle 1200 420 750 0
oval with rounded

H230AP 0.43 450 top 1200 420 750 30

H229AP 0.35 490.5 oval 1200 420 709.5 7

H221AP 0.42 100 circle 850 420 750 0

H231AP 0.40 450 dimple 1200 225 750 15

H228AP 0.59 490.5 oval 1200 420 709.5 15

H21 9AP 0.63 450 circle 1950 420 1500 0

H21 7AP 0.76 450 circle 500 420 50 0

H222AP 0.68 1000 circle 1750 420 750 45

H220AP 0.86 450 circle 3450 420 3000 0

H224AP 0.96 3000 circle 3750 420 750 45

H225AP 1. 1 0 450 circle 1200 50 750 0

H223AP 0.98 2000 circle 2750 420 750 45
Smooth
Control 1.03



H225AP 1.100 -0.070 -6.80%

H223AP 0.980 0.050 4.85%

Smooth Control 1.030 0.000 0.00%

In one embodiment, the oval is an ellipse. The adjusted size can define the size of the

top of the micro-feature and can be in the range of 380 m to 460 m. In one

embodiment, the adjusted size at the top can be in the range of 450 m to 460 m.

Additional Information is shown in Table 13 . Note that in table 13, distance

measurements are provided in millimeter. For width measurements, oblong features

are shown with two dimensions, width and length, while the remaining is shown with

easurement representing the width and length of the micro-feature.

Table 13

i Pattern Shape j Width Pitch Spacing Depth Draft

j H 128A Oval j 0.30 x 0.60 i 1.20 0.75 0.42

i H21 6A Circle j 0.45 i 1.20 0.75 0.42

j H21 7A Circle j 0.45 0.50 i 0.05 0.42

j H21 8A Circle j 0.45 0.75 i 0.30 0.42 !
i H21 9A Circle j 0.45 i 1.95 1.5 0.42

j H220A Circle ] 0.45 i 3.45 ] 3.00 0.42

j H221 A Circle j 0 .1 i 0.85 0.75 0.42

i H222A Circle j 1.00 i 1.75 i 0.75 0.42

j H223A Circle j 2.00 2.75 i 0.75 0.42 !
j H224A Circle i 3.00 3.75 i 0.75 0.42 i

j H225A Circle j 0.45 i 1.20 0.75 0.05

] H226A Circle j 0.45 ] 1.20 i 0.75 1.00

j H227A Circle j 0.45 1.20 i 0.75 2.00 !
j H228A Oval i 0.381 x O.60 1.20 i 0.75 0.42 °

] H229A Oval j 0.381 x O.60 ] 1.20 i 0.75 0.42 30°

j H230A Oval ] 0.30 x 0.60 i 1.20 ] 0.75 0.42

i H231 A Dimple j 0.45 i 1.20 0.75 0.225 arced

j H232A Ridges j 0.45 1.20 i 0.75 0.42 ! °.

j H233A Web i 0.45 1.20 i 0.75 0.42 i

] H234AH Circle j 0.45 ] 1.65 i 1.20 0.42



H235A Ridges and j 0.45 1.20 j 0.76 0.42
Pillars

H236A Ridge j 0.45 1.20 j 0.75 0.42

H237A Ridges j 0.381 1.20 j 0.75 0.42 ! 4°.

Polypropylene ] 0.46 1.26 ] 0.83 0.34
20 x 20 mesh

[0066] The anti-condensation properties of the present invention can be provided

with specific micro-features and patterns. Any horizontal cross sectional geometric

shape (circles, squares, triangles, holes or honeycomb, woven or punched mesh, ridges

or any combination) can be used with spacing of 300 to 1200 microns; width 380 to 450

microns; depth 340 to 2000 microns; and optionally having sharp edges and with

vertical sides of the micro features having draft angle less than 0 degrees. The micro-

features can be added to a surface, substrate, product or tooling by molding,

embossing, machining, extrusion, electrical discharge machining, laser engraving,

contact printing, ink jet printing, 3D printing, rapid prototyping or other printing

processes. The micro-features can be added to a surface adding a label, wrap, tape or

sleeve made by molding, embossing, machining, extrusion, electrical discharge

machining, or laser engraving. Surfaces having honeycomb and woven meshes can be

used as auxiliary products such as sleeves, labels, tapes or wraps added to existing

cold surfaces such as beverage containers, pipes, windows, and other embodiment

wherein the physical properties of the present invention are advantageous. The through

holes can improve visibility of liquid contents. Mesh and honey-comb products can be

made by punching or piercing and stretching a sheet or made be made by weaving

filaments to form a woven screen. The anti-condensation surface may be made of

plastic, rubber, fiber, wood, metal, glass or ceramic. The anti-condensation micro-

surface may be made of a different material than the cold surface.



[0067] It should be noted that multiple micro-features can be layers on a surface

to provide for advantageous properties. For example, pillars on pillars or pillars on

pillars on pillars.

[0068] In performing the tests to achieve the results described here and to

describe the physical properties of the present invention, the objective is to determine a

micro-feature pattern on a fiber hot cup that most effectively reduces surface contact

points with a consumer's hand. By modifying the surface properties of the beverage

container with micro-features, the consumer's comfort threshold is enhanced for holding

beverage containers having a hot liquid and to provide a better grip. The beverage

container can be single walled or double walled. This testing can include two phases, a

motion oriented test and a thermal panel test. The motion oriented test aims measures

the number of times the consumer must switch hands while walking across a

predetermined distance and to also the timing at which it takes place. Additional

consumer insight was gathered based off of questionnaires presented during each test.

For the thermal panel test, consumers are given a cup set to compare and will be asked

to fill out a questionnaire giving their temperature perception and ranking the hottest to

coldest feeling cup.

[0069] The material used for the testing can include: hot plate (to insure the water

stays the same temperature), coffee pot (to hold water inside between trials), water

(kept at 190°F , tray (to transport cups to consumer), thermometer (measure the

temperature of the water), stopwatch (timing how long people hold cup), cup samples,

control cups, lids, sleeves, cup of room temperature (neutral temperature surface for

use before each cup sample is tested), questionnaires ,and walking space. The



preparation for testing includes the steps of: preparing samples in packaging lab,

labeling cups corresponding to different variables, marking fill level on all cups,

validating how long it takes to fill, cap, and hand cup to consumer, providing pretest

questionnaire to consumer via email after sign up, preforming a motion oriented test,

recording which cup the consumer is testing before the motion test, preforming a

thermal panel test, marking tray with corresponding letters to the sample ID's of each

cup trial to match cups with questionnaires.

[0070] In performing a motion oriented test, pre-preparation steps are performed

as stated herein. The temp of the water is measured to insure it is at the proper

temperature, such as 190°F in one test scenario. The sample to be tested is filled with

the heated water to a predetermined level, between 60% and 95% full in one

embodiment. The sample is placed on a tray. Test subjects are interviewed to inquire

how they would hold the test sample, a cup on one test scenario and with which hand.

The test subjects grip style on cup is observed and photographed. The test subject

holds a neutral temperature cup, room temperature in one scenario, before handling

test sample. The test sample is handled by the test subject. The test subject is

requested to walk from a starting point, along a path, wherein the path represents

normal walking pattern in one embodiment, while holding the test sample. The test

subject is observed how many times the test subject changes hands, grip styles, or

releases the test sample altogether. These events are recorded with associated

timestamps. In one embodiment, the time stamps are determined from a video

recording these events. Once the path is completed, the test subject is provided with a

control sample with a sleeve and requested to repeat the path. In one embodiment, the



path is reversed with the control sample. The test subject is provided with a

questionnaire concerning the test sample and the control samples. The samples are

collected form the set subjects at the conclusion of test.

[0071] When conducting the thermal panel test, the pre-test preparations are

performed as stated herein. The temperature of the water is measured to insure that it

is about 190°F in one scenario. In one scenario, three test samples are selected to be

provided to test subjects. The test samples are placed on a tray in predetermined

positions (e.g. A , B, and C position). The test subjects were interview as to how they

would hold the test sample and with which hand. The test sample is then filled with

heated water and capped. Prior to allowing the test subject to handle the test sample,

the test subject is provided with a neutral temperature sample prior to handling the test

sample with heated water. The test subject is then instructed to handle the test sample

until it is no longer comfortable to do so. The time is observed and recorded and once

the test subject releases the first test samples, the process is released for additional test

samples (e.g. A , B, and C). The test subject then ranks the test samples from hottest to

coldest. In one scenario, the test subjects rank 1 to 3 with 1 being no difference and 3

being a large difference in temperature between the test samples. The hold time for

each test subject for each test samples can also be recorded, correlated with the

ranking and used to provide some validation of the ranking. The test subjects can then

be interviewed concerning any additional comments directed to the grip or other

measureable attributes from a questionnaire.

[0072] The testing for determining the physical properties of the concerning

condensation were performed using the following materials: hot plate (heat water to



create humidity chamber), coffee pot (hold water during heating), water (water will be

kept at 190°F or above), tray (transport cups), thermometer, stopwatch, lids for cups,

beaker, and scale.

[0073] The following procedures can be followed to perform the thermal panel

test that can include the following steps. First, a heating source such as a hot plate can

be activated and heat a liquid such as water in a first container. The temperature of the

heated liquid is measured periodically and recorded. A second container is used with

dishes that can be placed around the container. Each dish can be assigned to the test

sample and the initial weight of each dish with the test sample and optionally a lid is

taken and recorded. The test samples can be filled with ice and a liquid such as water.

In one embodiment, the test samples are filled with between 150 and 225 grams of ice

and 100 to 300 grams of water. Lids can be placed on the test samples. When the

water in the first container reaches or exceed about 180°F, in one scenario, the test

samples are placed on the respective dishes. The heated liquid is place on the second

container and a covering is placed over the second container and the test samples to

create a humidity chamber. The time is recorded and once a pre-determined period of

time has elapsed, the cover is removed. The weights of each test samples, each dish,

and the final temperature of each cup. The difference in the weight of the cup initially

and after the above process represents the amount of condensation.

[0074] Unless specifically stated, terms and phrases used in this document, and

variations thereof, unless otherwise expressly stated, should be construed as open

ended as opposed to limiting. Likewise, a group of items linked with the conjunction

"and" should not be read as requiring that each and every one of those items be present



in the grouping, but rather should be read as "and/or" unless expressly stated otherwise.

Similarly, a group of items linked with the conjunction "or" should not be read as

requiring mutual exclusivity among that group, but rather should also be read as

"and/or" unless expressly stated otherwise.

[0075] Furthermore, although items, elements or components of the disclosure

may be described or claimed in the singular, the plural is contemplated to be within the

scope thereof unless limitation to the singular is explicitly stated. The presence of

broadening words and phrases such as "one or more," "at least," "but not limited to" or

other like phrases in some instances shall not be read to mean that the narrower case is

intended or required in instances where such broadening phrases may be absent.

[0076] While the present subject matter has been described in detail with respect

to specific exemplary embodiments and methods thereof, it will be appreciated that

those skilled in the art, upon attaining an understanding of the foregoing may readily

produce alterations to, variations of, and equivalents to such embodiments.

Accordingly, the scope of the present disclosure is by way of example rather than by

way of limitation, and the subject disclosure does not preclude inclusion of such

modifications, variations and/or additions to the present subject matter as would be

readily apparent to one of ordinary skill in the art using the teachings disclosed herein.



What is claimed is:

1. A micro-featured surface with improved insulation and condensation

resistance comprising:

a substrate;

a micro-structure included with the substrate having an arrangement of a

first set of micro-features and a second set of micro-features;

a first micro-feature horizontal cross section taken from the group

consisting of a circle, oval, polygon, and concave portion;

a first micro-feature horizontal cross section dimension included in the first

set of micro-features in a range of 300 m to 750 m;

a pitch included in the micro-structure in a range of 450 m to 1650 m;

a spacing between the first set of micro-features in the micro-structure in

the range of 300 m to 1650 m;

a depth of the first set of micro-features in a range of 420 m to 2000 m;

a condensation rate less than 0.1 5 grams when measure by an ambient

test method;

a second set of micro-features included in the first set of micro-features

having a second micro-feature horizontal cross section taken from the group consisting

of pillars and opening;

a second micro-feature horizontal cross section dimension included in the

set of micro-features equal to or less than and the horizontal cross section dimension of

the first micro-feature and,



an improved hold time of 23.00% or greater as shown by hold testing

wherein a micro-feature density is in a range of 0.5% to 25.00%.

2 . The surface of claim 1 wherein the substrate is a beverage container.

3 . The surface of claim 1 wherein the second set of micro-features includes

an opening defined in a top of a first micro-feature having a diameter of less than the

horizontal cross section dimension of the first micro-feature and extending into a micro-

feature at least 50 % of the total height of the first and second micro-feature combined..

4 . The surface of claim 1 wherein the second set of microfeatures includes a

pillar extending upward from a top of a first micro-feature having a width of about 50 m

and a height of about 50 m.

5 . The surface of claim 1 wherein a width of a micro-feature in the first set of

micro-features has a length greater than a width and are arranged offset relative to an

adjacent first micro-feature in the micro-structure.

6 . The surface of claim 5 wherein the micro-features are arranged in an

alternating orthogonal pattern in the micro-structure.

7 . The surface of claim 1 including a generally flat top in each first micro-

feature.

8 . A micro-featured surface with improved condensation resistance

comprising:

a micro-structure having a substrate and having an arrangement of micro-

features;

a micro-feature horizontal cross section taken from the group consisting of

a circle, oval, polygon, and concave portion;



a micro-feature cross section dimension included in each micro-feature in

the range of 300 m to 750 m;

a pitch included in the micro-structure in the range of 450 m to 1950 m;

a spacing between the micro-features in a range of 50 m to 1650 m;

a depth of the micro-features in a range of 230 m to 2000 m; and,

a condensation rate improvement greater than 25%.

9 . The surface of claim 8 wherein the micro-features are arranged in an

alternating orthogonal pattern in the micro-structure.

10 . The surface of claim 8 including curved sides on at least one micro-

feature.

11. The surface of claim 8 wherein the condensation rate is less than 0.75

grams when measure by the ambient test method.

12. The surface of claim 8 including a conical section included in at least one

micro-feature having a top angle in a range of 130° to 150°.

13 . The surface of claim 12 including a lower section disposed between the

substrate and the conical section wherein the lower section has elevated cross section

of a rectangle.

14. The surface of claim 8 including an elevated cross section included in the

micro-feature having a polygon elevated cross section an opening angle in the range of

10° to 50°.

15 . The surface of claim 8 wherein the micro-features are ridges defining

channels dispose between the ridges wherein the ridges have a width in the range of

300 m to 500 m.



16. The surface of claim 15 wherein the ridges include tapered side with an

open angle in the range of 2° to 5°.

17 . The surface of claim 8 including openings defined in the substrate having

a horizontal cross section taken from the group consisting of a circle, oval, polygon and

any combination thereof.

18 . The surface of claim 8 wherein the substrate includes an attachment side

to attach the substrate to an article so that a micro-structured side is facing outward

from the article.

19 . A micro-featured surface with improved insulation and condensation

resistance comprising:

a micro-structure disposed on a substrate having a first set of micro-

features included on the substrate and a second set of micro-features included in the

first set of micro-features;

a first micro-feature horizontal cross section taken from the group

consisting of a circle, oval, polygon, and concave portion;

a first micro-feature horizontal cross section having a width of about 200

m ;

a second micro-feature horizontal cross section taken from the group

consisting of pillars and opening;

a second micro-feature horizontal cross section dimension included in the

set of micro-features equal to or less than the horizontal cross section dimension of the

first micro-feature; and,



an improved hold time of 23.00% or greater as shown by hold testing

wherein a micro-feature density is in the range of 0.5% to 25.00%.

20. The surface of claim 19 wherein a spacing is about 120 m and a height

of the first micro-feature is in a range of 350 m and 2000 m.

2 1. The surface of claim 19 wherein first micro-feature has a diameter of

about 200 m and the second micro-feature has a diameter of about 100 m or less.
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