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SOIL FIXATION, DUST SUPPRESSION AND WATER RETENTION

FIELD

[0001] The present technology generally relates to retaining liquid, and, more
particularly, to retaining a liquid on or in a soil-based substrate and/or debris disposed

thereon using acrylamide pyranose polymers
BACKGROUND

[0002] There are many problems and health safety issues when dust and/or debris is
present in an environment such as construction and agricultural environments. As heavy
machinery moves over unpaved roads and construction and agricultural sites, dust may be
thrown into the atmosphere. Such dust may pose both health and economic risks to
construction workers, farmers and others near these environments. Such risks may come
from two sources, among others: suspended dust drying out the atmosphere around the site
and from the inhalation of dust. The drying of the atmosphere from the suspended dust
particles may lead to rapid dehydration of individuals, which can lead to heat stroke,
sluggishness, hallucinations, and a variety of other physical and psychological ailments.
Airborne crystalline silica that originates from the earth, concrete, masonry and rock on a
site may become lodged in the membranes and/or lungs of the respiratory systems of the
people on and near the site. Once there, they may harden and cause permanent damage and

even death.

[0003] Economic risks may be a consequence of the health risks and from loss of
productivity of the land. Dehydration may lead to loss in productivity. Workers may need
more breaks to replenish fluids, may be less productive because they are uncomfortable, and
may be less energetic, which leads to less work being accomplished per unit time. Longer

term health issues may lead to loss of skilled workers and may increase the risk of lawsuits.

[0004] Additionally, dust may lead to loss of moisture from plants and animals. In
turn, more water may be consumed in agricultural processes. Dust may also lead to loss of
topsoils (e.g., soils which may contain the most minerals and nutrients for productive plant

growth). Loss of water from soil may lead to crop failure and failure to retain water in the
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soil may lead to greater water consumption, as water may be needed to be constantly

applied.

[0005] Previous solutions to these problems have included the constant application
of water to sites using tanker trucks, fire hydrants and/or hoses. However, in such solutions,
the water evaporates quickly, as it is not retained. This may lead to resumption of dust kick
up into the atmosphere. Thus, water must be constantly applied. However, too much water
at any given time may lead to muddy conditions. Oils have been used to suppress dust, but
such oils are difficult to clean and are generally irreversible. Polymers and emulsions such
as latex rubber and poly(vinyl acetate/vinyl alcohol) have been used as a fixation media but
lack biodegradability and do not retain water. These polymers are generally used at a high
concentration, and tend to bind soil, gravel and/or rocks together into large clumps. Under
certain conditions (such in helicopter landing environments) large clumps of material may

be thrown through the air, causing a safety hazard.
SUMMARY

[0006] In one aspect, a method is provided for retaining (at least temporarily) a
liquid in a soil-based substrate. The methods may include applying a acrylamide pyranose
polymer to a soil-based substrate. The methods may also include exposing the acrylamide

pyranose polymer to the liquid.

[0007] In another aspects, a method is provided for at least temporarily retaining
moisture in a soil-based substrate, the method includes applying an acrylamide pyranose
polymer to the soil-based substrate. In any of the above embodiments, the acrylamide
pyranose polymer comprises one or more of beads, pellets, chunks and particles. In some
embodiments, the acrylamide pyranose polymer includes a solution of the acrylamide
pyranose polymer. In some embodiments, the acrylamide pyranose polymer includes a
suspension of the acrylamide pyranose polymer. In some embodiments, the acrylamide

pyranose polymer includes a gel of the acrylamide pyranose polymer.

[0008] In any of the above embodiments, the applying may include one or more of
spraying, dusting, atomizing and sprinkling the acrylamide pyranose polymer as a solid,
solution, or suspension onto the soil-based substrate. In some embodiments, the applying

may include mixing the acrylamide pyranose polymer into the soil-based substrate. In any
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of the above embodiments, the applying may include one or more of spraying, atomizing,

flooding and sprinkling the liquid retention medium on top of the soil-based substrate.

[0009] In any of the above embodiments, the soil-based substrate includes one or
more of a soil substrate, a topsoil substrate, a subsoil substrate, a potting soil substrate, a
mud substrate, a clay substrate, a sand substrate, a gravel substrate, a rock substrate, a stone
substrate, a concrete substrate, a cement substrate, and an asphalt substrate. In any of the
above embodiments, the soil-based substrate may further include a surface, the surface
having one or more of dust particles, saw dust particles, rock dust particles, silicate dust
particles, organic particles, bacteria particles, mold particles, mildew particles, spore
particles, dirt particles, soil particles, rock particles, stone particles, sand particles, asbestos

particles, metal particles, fiber particles and insulation particles.

[0010] In any of the above embodiments, the acrylamide pyranose polymer includes

a polymer having a repeat unit represented as:

R

O NH OH

OH
In the above structure, R is individually H or C;-Cg alkyl. In some embodiments, each R is
individually H, methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, n-pentyl, n-
hexyl, n-heptyl, n-octyl, 2-ethylhexyl, or isomers thercof. In some embodiments, each R is
individually H or methyl. In some embodiments, the acrylamide pyranose polymer is an

acrylamide pyranose — acrylamide co-polymer or an acrylamide pyranose — (meth)acrylate

co-polymer.

[0011] In another aspect, a kit is provided for at least temporarily retaining moisture

in a soil-based substrate. The kits may include a container having an acrylamide pyranose
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polymer; and one or more instructions associated with the container, the one or more
instructions including one or more directions for applying the acrylamide pyranose polymer
to a soil-based substrate. In any of the kit embodiments, the acrylamide pyranose polymer
may include one or more of beads, pellets, chunks and particles. In any of the kit
embodiments, the container may be configured for spraying, dusting, atomizing or
sprinkling of the acrylamide pyranose polymer as a solid, solution, or suspension onto the
soil-based substrate. In any of the kit embodiments, the instructions may include directions

for mixing the acrylamide pyranose polymer into the soil-based substrate.

[0012] In any of the kit embodiments, the acrylamide pyranose polymer may be a

polymer represented as:

O NH OH

OH
In the above structure, R is individually H or C;-Cg alkyl. In some embodiments, each R is
individually H, methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, tert-butyl, n-pentyl, n-
hexyl, n-heptyl, n-octyl, 2-ethylhexyl, or isomers thercof. In some embodiments, each R is
individually H or methyl. In any of the kit embodiments, the acrylamide-pyranose polymer
may also include a repeat unit that includes a cross-linking moiety. In any of the kit
embodiments, the acrylamide pyranose polymer may be an acrylamide pyranose —
acrylamide co-polymer or an acrylamide pyranose — (meth)acrylate co-polymer. In any of
the kit embodiments, the acrylamide pyranose polymer may be an acrylamide pyranose —

meth(acrylate) co-polymer.

[0013] In some kit embodiments, the container includes a solution of the acrylamide

pyranose polymer. In some kit embodiments, the container comprises a suspension of the
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acrylamide pyranose polymer. In some kit embodiments, the container comprises a gel of

the acrylamide pyranose polymer.

[0014] The foregoing summary is illustrative only and is not intended to be in any
way limiting. In addition to the illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will become apparent by reference to the

drawings and the following detailed description.

BRIEF DESCRIPTION OF THE FIGURES

[0015] Figure 1. 1H NMR of the N-(1-methyl-6-deoxy-D-glucose)-acrylamide.
[0016] Figure 2. 1H NMR of the N-(1-methyl-6-deoxy-D-glucose)-
methacrylamide.

DETAILED DESCRIPTION
[0017] Various embodiments are described hereinafter. It should be noted that the

specific embodiments are not intended as an exhaustive description or as a limitation to the
broader aspects discussed herein. One aspect described in conjunction with a particular
embodiment is not necessarily limited to that embodiment and can be practiced with any

other embodiment(s).

[0018] As used herein, “about” will be understood by persons of ordinary skill in the
art and will vary to some extent depending upon the context in which it is used. If there are
uses of the term which are not clear to persons of ordinary skill in the art, given the context

in which it is used, “about” will mean up to plus or minus 10% of the particular term.

[0019] The use of the terms “a” and “an” and “the” and similar referents in the
context of describing the elements (especially in the context of the following claims) are to
be construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. Recitation of ranges of values herein are merely intended to
serve as a shorthand method of referring individually to each separate value falling within
the range, unless otherwise indicated herein, and each separate value is incorporated into the
specification as if it were individually recited herein. All methods described herein can be
performed in any suitable order unless otherwise indicated herein or otherwise clearly

contradicted by context. The use of any and all examples, or exemplary language (e.g.,
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“such as”) provided herein, is intended merely to better illuminate the embodiments and
does not pose a limitation on the scope of the claims unless otherwise stated. No language

in the specification should be construed as indicating any non-claimed element as essential.

[0020] Acrylamide pyranose polymers may be prepared by polymerization of the
corresponding acrylamide pyranose monomers. Such polymers may be used on or in a soil-
based substrate to retain moisture in the soil-based substrate and prevent, or mitigate,

dusting of the substrate or debris associated with the substrarte.

[0021] Acrylamide pyranose polymers are prepared, at least in part, from
acrylamide pyranose monomers. Acrylamide pyranose monomers may be based upon
various amino pyranoses, such as 6-(aminomethyl)tetrahydro-2H-pyran-2,3,4,5-tetraol (A)
and 3-amino-6-(aminomethyl)tetrahydro-2H-pyran-2,4,5-triol (B).

OH OH

OH HO NH,
A B

While related to methyl methacrylate and other acrylics, acrylamides are a different family

and genus from other acrylates and generally have very different chemistries from acrylates.
One difference between acrylamides from acrylates is that oxygen does generally not inhibit
polymerization for the acrylamides, while oxygen generally strongly inhibits polymerization
of acrylates. Another difference between acrylamides from acrylates is that the degradation

products resulting from acrylamide are generally less acidic.

[0022] In general, the acrylamide pyranose monomers may be made by the coupling
reaction between a pyranose amine and an acid chloride. The amine is on the pyranose unit
and may be, optionally, protected as the hydrochloride. The acid chloride is a
polymerizable functional unit such as acrylchloride. The process is generally shown in

Scheme 1.
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Scheme 1:
HN.

& OH O

T R, HN:

O + > O R
O

HO OH d :

HO
OH

There is generally no need to protect the hydroxyl units on the pyran ring, as the amino
moieties are generally much more reactive than hydroxyl moieties. As such, the amino
moieties may couple with the amino exclusively. Hydroxy moicties may react only by the

use of improper techniques such as a using a large amount of acid chloride.

[0023] In Scheme 1, each R is individually H or C;-Cys alkyl. Illustrative C;-Cg
alkyl groups include, but are not limited to, methyl, ethyl, propyl, isopropyl, n-butyl, sec-
butyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, and 2-ethylhexyl, and isomers thereof.

[0024] Other methods of preparing acrylamide pyranose polymers include reacting
acrylic acid with an amino pyranose and heating the resulting salt, reacting (meth)acrylic
anhydride with aminopyranose, and reacting a (meth)acrylate ester and performing a
catalytic transestification reaction with the aminopyranose. Illustrative transesterification
catalysts may include, but are not limited to, organotin, organoziconium, and

organotitanium compounds.

[0025] The cross-linked acrylamide pyranose polymers may also be prepared, at
least in part, by the inclusion of multifunctional pyranose monomers, or multifunctional
pyranose monomers as cross-linking agents. For example, a multi-functional pyranose
monomer may be prepared from 2,6-diamino-2,6-dideoxy-D-glucose and a (meth)acrylic

chloride. See Scheme 2.



WO 2014/070194 PCT/US2012/063240

Scheme 2:
H,N.
Hi OH O
Hi R HN:
0+ — HN R
O
HO on © d > g
R O HO
NH,
[0026] In Scheme 2, each R is individually H or C;-Cg alkyl. Illustrative C;-Cs

alkyl groups include, but are not limited to, methyl, ethyl, propyl, isopropyl, n-butyl, sec-
butyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, and 2-ethylhexyl, and isomers thereof.
The multi-functional monomer may be included in the polymerization process of the
acrylamide pyranose monomer to provide cross-linking in the polymer. Additional cross-

linking monomers will result in a higher cross-linking density in the polymer.

[0027] Polymers prepared from the above monomers include the polymerization
product of the action of the acrylamide functionality. For example, the -C(O)C(CH;)R
groups polymerize through C=CH, moiety to form polymers having the following general

structure:

O NH OH

OH

As introduced above, the acrylamide-pyranose polymer may be cross-linked. This may be
accomplished by introducing a cross-linking monomer, as described above, during the
polymerization. The cross-linked acrylamide-pyranose polymer may be a polymer

represented with the following repeat units:
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R R
sk
sk
NH OH NH OH
OH OH
O. O.
NH OH
OH * OH
sk
R
[0028] The structure of amino pyranose has multiple possible stereo isomers

according to the type. Some common structures of the root may be amino-D-glucose,
amino-D-mannose, and amino-galactose. These amino pyranoses may be mono for
thermoplastics or bis for thermosetting resins. The amino moieties are not limited to any
particular positions. For example, the amino moieties may be cis to each other, meta to

cach, or para to each other.

[0029] The pyranose monomers may also be mixed with other (meth)acrylate or
(meth)acrylamide monomers to provide acrylamide pyranose — (meth)acrylate or
acrylamide pyranose — (meth)acrylamide polymers. As used herein, the prefix (meth) in a
general reference refers the acrylate and/or the methacrylate compound, accordingly, the
(meth) is optional. Illustrative (meth)acrylates and (meth)acrylamides include, but are not
limited to acrylamide, methyl methacrylate, ethyl methacrylate, n-propyl methacrylate, n-
butyl methacrylate, isopropyl methacrylate, isobutyl methacrylate, n-amyl methacrylate, n-
hexyl methacrylate, isoamyl methacrylate, 2-hydroxyethyl methacrylate, 2-hydroxypropyl
methacrylate, sec-butyl methacrylate, tert-butyl methacrylate, 2-ethylbutyl methacrylate,
cinnamyl methacrylate, cyclohexyl methacrylate, cyclopentyl methacrylate, 2-ethoxyethyl
methacrylate, furfuryl methacrylate, 3-methoxybutyl methacrylate, 2-methoxybutyl
methacrylate, n-octyl-methacrylate, 2-ethylhexyl methacrylate, methyl acrylate, ethyl
acrylate, n-propyl acrylate, n-butyl acrylate, isopropyl acrylate, isobutyl acrylate, n-amyl
acrylate, n-hexyl acrylate, isoamyl acrylate, 2-hydroxyethyl acrylate, 2-hydroxypropyl



WO 2014/070194 PCT/US2012/063240

acrylate, sec-butyl acrylate, tert-butyl acrylate, 2-ethylbutyl acrylate, cinnamyl acrylate,
cyclohexyl acrylate, cyclopentyl acrylate, 2-ethoxyethyl acrylate, furfuryl acrylate, 3-
oxybutyl acrylate, 2-oxybutyl acrylate, n-octyl-acrylate, and 2-ethylhexyl acrylate.

[0030] The pyranose polymers described above are hydgroscopic materials that may
imbibe a large amount of moisture. Accordingly, such polymers may be sprayed on, or
mixed with, soil-based substrates thereby retaining moisture with the soil and preventing, or
at least minimizing dusting of the substrate. Methods of preventing or minimizing the loss
of soil or blowing of soil dust include applying the acrylamide pyranose polymers to the
soil-based substrate as solution or as a particle. The acrylamide pyranose polymer may be
applied in the presence of water to not only swell and absorb into the polymer, but the water
also reduces the amount of dusting of the soil-based substrate. Alternatively, the acrylamide
pyranose polymer may be mixed with the soil or applied to the soil as a solid with the

subsequent introduction of the water to the soil-based substrate and the polymer.

[0031] In some embodiments, the acrylamide pyranose polymer may be applied to
the soil-based substrate as a liquid-based solution, a gel-based solution, beads, pellets,
chunks and/or particles. In some , the acrylamide pyranose polymer may be applied on top

of the soil-based substrate, or intimately mixed with the soil-based substrate.

[0032] Other additives may also be used in addition to the acrylamide pyranose
polymers. Illustrative additives may include buffers to adjust pH to the specific soil
conditions in which the product may be used, and/or ionic additives (e.g., calcium, sodium,
potassium, chloride) to adjust ionic strength of the liquid retention medium to match that of
soil conditions used form 10° M to 1 M. Other illustrative additives may include, but are
not limited to, surfactants, colorants, insecticides and/or herbicides. Such additives may be
included with the polymer from 0.001 wt% to about 50 wt%. In some embodiments, the
additional additive(s) may be individually present from about 0.01 wt% to about 10 wt%.

[0033] Where the acrylamide pyranose polymer is added to the soil-based substrate
with the water. The acrylamide pyranose polymer — water solution or suspension may be
applied by spraying, dusting, atomizing, sprinkling or flooding on top of the soil-based

substrate.

[0034] Some examples generally depict acrylamide pyranose polymer use as a

superior water retention agent in soils and/or dust suppressant. The design and synthesis of

10
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acrylamide pyranose monomers and polymers may provide greater productivity, health and
dust suppression, and may lead to lessened water waste and consumption. The acrylamide
pyranose polymers may be environmentally benign, non-toxic, and may degrade with time
and exposure. Degradation products may be environmentally benign, non-toxic, extreme in

neither acidity nor basicity, and may provide growing life with nourishment.

[0035] While the soil-based substrates and/or aggregates may include soil, topsoil,
subsoil, potting soil, mud, clay, sand, gravel, rock, stone, concrete, cement and/or asphalt,
the soil-based substrate and/or aggregates shall not be limited to such examples. Soil-based
substrate and/or aggregates may include any earthen material having organic and/or
inorganic media or a mixture of organic and/or inorganic media in solid, liquid and/or
gaseous form. In some examples, the soil-based substrate and/or aggregates may include a
surface. Such surface may include debris and/or particles disposed thereon. Example
particles may include particles of dust, saw dust, rock dust, silicate dust, organic

particulates, dirt, bacteria, mold, mildew, spores, soil, rock, stone, sand, asbestos, and metal.

[0036] In some examples, the acrylamide pyranose polymer particles may be about
10 um to about 100 um in size (e.g., diameter, width, height and/or depth). In some
examples, the acrylamide pyranose polymer solution may be about 0.001% mass of
acrylamide pyranose polymer in solution (e.g., water) to about 80% mass of acrylamide

pyranose polymer in solution (e.g., water) .

[0037] The acrylamide pyranose polymers exhibit excellent liquid retention
properties. In some examples, when water is applied to a dust-prone area with acrylamide
pyranose polymers, the acrylamide pyranose polymers may absorb the water and swell.
Such acrylamide pyranose polymers may then slowly release the water, thereby suppressing
dust. This, in turn, may facilitate keeping plants hydrated, keeping workers comfortable and

safe, and greatly decreasing water usage and requirements.

[0038] Poly(acrylamide) is listed as a non-toxic substance; however, its monomer
(acrylamide) is listed as a carcinogen. Thus, there is going concern about the use of
poly(acrylamide) due to the carcinogenic nature of its monomer. These concerns extend to
industries such as agriculture and construction where poly(acrylamide) is used, as there is a
possibility that acrylamide monomer may be liberated from the polymer. The acrylamide

pyranose described herein addresses such problems. Hydrolysis of the acrylamide pyranose

11
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structure may yield the amino pyranose structure and not acrylamide. Thus, the carcinogen
source is removed. Therefore, the acrylamide pyranose polymer may remove the problems
associated with acrylamide. In doing so, the acrylamide pyranose polymer may facilitate
keeping soil moist for long time periods, providing long term dust suppression, providing a
biodegradable non-toxic, non-carcinogenic solution. Further, pyranose moieties do not
coordinate metal ions, have an affinity for water (even with ions present), provide a nitrogen
fixation source, and provide an energy source to microbes and plant life in soil. Further, the
acrylamide pyranose polymer may be compatible with existing biological and
monomer/polymer systems such that various polymers, copolymers, graft copolymers,
and/or block copolymers may be formed and used as particles, chunks, solutions and the
like. Even further, the acrylamide pyranose polymer may form hydrogels upon exposure to

water, thus lessening water waste and evaporation.

[0039] The present invention, thus generally described, will be understood more
readily by reference to the following examples, which are provided by way of illustration

and are not intended to be limiting of the present invention.

EXAMPLES

[0040] Example 1. Synthesis of N-(1-methyl-6-deoxy-D-glucose)-acrylamide. To
a 1L beaker was added 100 mL of deionized water. To the deionized water was added
11.000 g (103.790 mmol) of sodium carbonate. The sodium carbonate was allowed to
dissolve into the water which took approximately an hour and a half. Once the sodium
carbonate dissolved the beaker was placed into an ice bath and cooled to 0 - 2 °C. To the
cooled acetone/pyridine solution was added 11.000 g (40.130 mmol) of 1-methyl-6-deoxy-
6-ammonium bromide-D-glucose and the compound was allowed to dissolve with very
slow stirring. To a separate 250 mL beaker was added 100 mL hexanes. To the hexanes
was added 3.65 mL of acryloyl chloride and the two mixed together. This solution was
added dropwise to the water solution to generate a biphasic system. This biphasic reaction
system was stirred slowly overnight. The contents of the beaker were then poured into a
separatory funnel, the layers allowed to separate, and the water layer was added to a round
bottom flask. The water was then removed using rotary evaporation. Acetone was added to
the solid contents and then rotary evaporated. Ethanol was added to the solid material,

dissolving the organics while the inorganic materials did not dissolve. The ethanol was

12
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filtered to remove the insoluble inorganic materials followed by removal of the ethanol by
rotary evaporation. The solid contents were then recrystallized from methanol/acetone to
yield 12.987 g of material or 131% of the theoretical yield. The reason for the excess is due
to leftover water and bromide in the material. The 1H NMR of the N-(1-methyl-6-deoxy-D-

glucose)-acrylamide product is shown in Figure 1.

[0041] Example 2. Synthesis of N-(1-methyl-6-deoxy-D-glucose)-methacrylamide.
To a 1L beaker was added 100 mL of deionized water. To the deionized water was added
11.000 g (103.790 mmol) of sodium carbonate. The sodium carbonate was allowed to
dissolve into the water which took approximately an hour and a half. Once the sodium
carbonate dissolved the beaker was placed into an ice bath and cooled to 0 - 2 °C. To the
cooled acetone/pyridine solution was added 11.000 g (40.130 mmol) of 1-methyl-6-deoxy-
6-ammonium bromide-D-glucose and allowed to dissolve with very slow stirring. To a
separate 250 mL beaker was added 100 mL hexanes. To the hexanes was added 4.05 mL of
methacryloyl chloride and the two mixed together. This solution was added dropwise to the
water solution to generate a biphasic system. This biphasic reaction system was stirred
slowly overnight. The contents of the beaker were then poured into a separatory funnel, the
layers allowed to separate, and the water layer was added to a round bottom flask. The
water was then removed using rotary evaporation. Acetone was added to the solid contents
and then rotary evaporated. Ethanol was added to the solid material, dissolving the organics
while the inorganic materials did not dissolve. The ethanol was filtered to remove the
insoluble inorganic materials followed by removal of the ethanol by rotary evaporation.

The solid contents were then recrystallized from ethanol/acetone to yield 14.721 g of
material or 141% of the theoretical yield. The reason for the excess is due to leftover water
and bromide in the material. The 1H NMR of the N-(1-methyl-6-deoxy-D-glucose)-
methacrylamide is shown in Figure 2. The compound was placed under vacuum on dry ice

overnight to help remove the remaining water and ethanol from the recrystallization.

[0042] Example 3. Synthesis of N-(3,4,5,6-tetrahydroxy-tetrahydro-pyran-2-
ylmethyl)-acrylamide. N-(6-deoxy-D-galactose)-acrylamide may be synthesized by means
of acid chloride coupling mediated by an organic base. Anhydrous THF (500 mL) may be
added to a flame dried 1L three neck flask and flooded with argon. To a flask containing
THF (500 ml) is added anhydrous 6-amino-6-deoxy-D-galactose hydrochloride (30 g) and
anhydrous pyridine (15.6 g) at -20°C. Acrylchloride (13.1 g) in THF (50 ml) is then added

13
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dropwise, followed by warming to room temperature. The reaction is allowed to proceed
for five hours at 25°C. The pyridinium chloride precipitate is removed by filtration
followed by washing with additional THF. The solvents are then removed under vacuum to

yield N-(6-deoxy-D-galactose)-acrylamide.

[0043] Example 4. Synthesis of N-(6-deoxy-D-galactose)-methacrylamide.
Following the procedure of Example 2, 1,6-amino-6-deoxy-D-glucose may be reacted with

methacrylic chloride to yield N-(6-deoxy-D-galactose)-methacrylamide.

[0044] Example 5. Synthesis of N-(6-deoxy-D-galactose)-acrylamide. Following
the procedure of Example 3, pyridine may be replaced with potassium carbonate to yield N-

(6-deoxy-D-galactose)-acrylamide.

[0045] Example 6. Synthesis of N-(3,4,5,6-tetrahydroxy-tetrahydro-pyran-2-
ylmethyl)-acrylamide by use of a biphasic system. N-(6-deoxy-D-galactose)-acrylamide is
synthesized by means of acid chloride coupling. Anhydrous THF (500 mL) is added to a
flame dried, 1L, three neck flask under argon. Anhydrous 6-amino-6-deoxy-D-galactose
hydrochloride (30 g) is added to water (150 ml), and the solution is neutralized with NaOH
(3.4 g). An acrylchloride (13.1 g) solution in CH,Cl, (100 ml) is added to the 6-amino-6-
deoxy-D-galactose water solution at room temperature and stirred rapidly to form an
emulsion. A 1 M NaOH solution is added to the reaction drop wise to maintain the pH
above 7. The reaction is then allowed to proceed for five hours at 25°C. After phase
separation, the organic layer is separated and the water layer washed with three 25 mL
portions of methylene chloride. The combined organic solutions are combined, dried, and

the solvent removed to yield N-(6-deoxy- D-galactose)-acrylamide.

[0046] Example 7. Synthesis of 2-methyl-N-[3,4,6-trihydroxy-5-(2-methyl-
acryloylamino)-tetrahydro-pyran-2- ylmethyl]-acrylamide. Anhydrous THF (500 mL) is
added to a flame dried 1L three neck flask and flooded with argon. To the THF is added
2,6-diamino- 2,6-dideoxy-D-glucose hydrochloride (38.6 g) and pyridine (32.5 g) to
dissolve. Methacrylic chloride (33.2 g) in 55 mL of dry THF is then added to the 2,6-
diamino-2,6-dideoxy-D-galactose solution at -20 °C followed by warming to room
temperature. The reaction is allowed to proceed for five hours at room temperature. The

pyridinium chloride is removed by filtration. After washing of the pyridinium chloride with
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THF, the collected organic fractions are subjected to solvent to yield N,N-(2,6-deoxy-D-
glucose)-2,6- acrylamide.

[0047] Example 8. Synthesis of N,N-(2,6-deoxy-D-galactose)-2,6-acrylamide.
Using a similar procedure as outlined in Example 1, 2,6-diamino-2,6-dideoxy-D-galactose

is reacted with acrylchloride to yield N,N-(2,6-deoxy-D-galactose)-2,6-acrylamide.

[0048] Example 9. Synthesis of N,N-(2,6-deoxy-D-glucose)-2,6-acrylamide.
Using a similar procedure as outlined in Example 3, pyridine is replaced with 412 mmol of

potassium carbonate to yield N,N-(2,6-deoxy-D-glucose)-2,6-acrylamide.

[0049] Example 10. Synthesis of acrylamide pyranose polymers via free radical
polymerization. Polymers of acrylamide pyranose may be made by free radical
polymerization using a thermal initiator. Polymerization may be either in bulk using AIBN
or as a 30% water solution using ammonium persulfate. Bulk polymerization may be forced
through extruders at partial polymerization and may be cut into pellets, or the solid polymer
may be crushed into chunks. Bead polymerization in vegetable oil may lead to beads that

may be tuned to the desired size.

[0050] Example 11. Potting soil using acrylamide pyranose chunks. Soil (40
gallons), alfalfa meal (4 cups), bone meal (4 cups), kelp meal (4 cups), dolomite lime (4
cups), earthworm casting (30 pounds), Greensand (4 cups), rock phosphate (4 cups),
diatomaceous earth (4 cups), and poly(N-(6-deoxy-D-galactose)-acrylamide cross-linked
with 0.5% N,N-(2,6-deoxy-D-glucose)-2,6-acrylamide) (0.1 mm to 8 mm average size, 6
pounds) are mixed to form a potting soil. The potting soil is ready to use for house plants,

gardens, garden starter plants, and other growing needs.

[0051] Example 12. Dust suppressant as beads/chunks. Poly(N-(6-deoxy-D-
galactose)-acrylamide cross-linked with 0.5% N,N-(2,6-deoxy-D-glucose)-2,6-acrylamide)
(0.1 mm to 10 mm beads/chunks) form may be applied (e.g., sprinkled) substantially
uniformly to the ground by hand or use of a disperser that is either manual or powered.
Density of coverage may be 250g of chunks/beads/particles per square meter of soil. Water
is then applied to the sprinkled beads/chunks, which may then absorb the water and hold it
to the soil-based substrate.
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[0052] Example 13. Dust suppressant as beads. Poly(N-(6-deoxy-D-galactose)-
acrylamide cross-linked with 0.5% N,N-(2,6-deoxy-D-glucose)-2,6-acrylamide) (20um -
100 um beads) is applied (e.g., sprinkled) substantially uniformly to the ground by hand or
use of a disperser that may be either manual or powered. The density of the coverage may

be on the order of about 100g of beads per square meter of soil. Water is then applied to the
sprinkled beads.

[0053] Example 14. Dust suppressant as a solution. Poly(N-(6-deoxy-D-
galactose)-acrylamide, weight average molecular weight (Myw) 76,000 g/mol) as a dilute (10
% by wt. polymer) water solution may be applied to the ground by means of a sprinkler

system, hose, or water truck.

[0054] Example 15. Dust suppressant as a solution. Poly(N-(6-deoxy-D-
galactose)-acrylamide; My 76,000 g/mol) may be added to water to form a dilute water
solution (5% by wt. polymer). To 20 gallons of this solution is added 12 fluid oz. of pH 7.0
buffer solution, 0.031 g of calcium carbonate, and 0.046 g of sodium bicarbonate. This

solution may be applied to the ground by means of a sprinkler system, hose, or water truck.

[0055] Example 16. Comparison of the dust suppressant solution of Example 13
with water as dust suppressant. To 20 gallons of water is added 12 fluid oz. of pH 7.0
buffer solution, 0.031 g of calcium carbonate, and 0.046 g of sodium bicarbonate to form a
comparative dust suppressant solution. The Example 15 solution is applied to a patch of
topsoil by means of a hose, while the comparative solution is applied to a separate patch of
topsoil by means of a hose. A fan is placed adjacent and at equal distance to each patch of
topsoil to continuously move air over the respective patches. Over 24 hours, the patch of
topsoil treated with the Example 15 solution is expected to produce less dust and retain

more moisture than the patch of topsoil treated with the comparative solution.

[0056] Example 17. Dust suppressant as a solution. Poly(N-(6-deoxy-D-
galactose)-acrylamide; Mw 76,000 g/mol) may be added to water to form a dilute water
solution (5% by wt. polymer). To 20 gallons of this solution is added 240 fluid oz. of pH
7.0 buffer solution, 0.620 g of calcium carbonate, and 0.920 g of sodium bicarbonate. This

solution may be applied to the ground by means of a sprinkler system, hose, or water truck.
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[0057] Example 18. Comparison of the dust suppressant solution of Example 13
with water as dust suppressant. To 20 gallons of water is added 240 fluid oz. of pH 7.0
buffer solution, 0.620 g of calcium carbonate, and 0.920 g of sodium bicarbonate to form a
comparative dust suppressant solution. The Example 17 solution is applied to a patch of
topsoil by means of a hose, while the comparative solution is applied to a separate patch of
topsoil by means of a hose. A fan is placed adjacent and at equal distance to each patch of
topsoil to continuously move air over the respective patches. Over 24 hours, the patch of
topsoil treated with the Example 17 solution is expected to produce less dust and retain

more moisture than the patch of topsoil treated with the comparative solution.

[0058] Example 19. Dust suppressant as a solution. Poly(N-(6-deoxy-D-
galactose)-acrylamide; Mw 76,000 g/mol) may be added to water to form a dilute water
solution (5% by wt. polymer). To 20 gallons of this solution is added 240 fluid oz. of pH
7.0 buffer solution, 3.100 g of calcium carbonate, and 4.600 g of sodium bicarbonate. This

solution may be applied to the ground by means of a sprinkler system, hose, or water truck.

[0059] Example 20. Comparison of the dust suppressant solution of Example 13
with water as dust suppressant. To 20 gallons of water is added 240 fluid oz. of pH 7.0
buffer solution, 0.620 g of calcium carbonate, and 0.920 g of sodium bicarbonate to form a
comparative dust suppressant solution. The Example 19 solution is applied to a patch of
topsoil by means of a hose, while the comparative solution is applied to a separate patch of
topsoil by means of a hose. A fan is placed adjacent and at equal distance to each patch of
topsoil to continuously move air over the respective patches. Over 24 hours, the patch of
topsoil treated with the Example 19 solution is expected to produce less dust and retain

more moisture than the patch of topsoil treated with the comparative solution.

[0060] While certain embodiments have been illustrated and described, it should be
understood that changes and modifications can be made therein in accordance with ordinary
skill in the art without departing from the technology in its broader aspects as defined in the

following claims.

[0061] The embodiments, illustratively described herein may suitably be practiced
in the absence of any element or elements, limitation or limitations, not specifically

99 ¢cs

disclosed herein. Thus, for example, the terms “comprising,” “including,

2% ¢

containing,”

etc. shall be read expansively and without limitation. Additionally, the terms and
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expressions employed herein have been used as terms of description and not of limitation,
and there is no intention in the use of such terms and expressions of excluding any
equivalents of the features shown and described or portions thereof, but it is recognized that
various modifications are possible within the scope of the claimed technology.
Additionally, the phrase “consisting essentially of”” will be understood to include those
elements specifically recited and those additional elements that do not materially affect the
basic and novel characteristics of the claimed technology. The phrase “consisting of”

excludes any element not specified.

[0062] The present disclosure is not to be limited in terms of the particular
embodiments described in this application. Many modifications and variations can be made
without departing from its spirit and scope, as will be apparent to those skilled in the art.
Functionally equivalent methods and compositions within the scope of the disclosure, in
addition to those enumerated herein, will be apparent to those skilled in the art from the
foregoing descriptions. Such modifications and variations are intended to fall within the
scope of the appended claims. The present disclosure is to be limited only by the terms of
the appended claims, along with the full scope of equivalents to which such claims are
entitled. It is to be understood that this disclosure is not limited to particular methods,
reagents, compounds compositions or biological systems, which can of course vary. It is
also to be understood that the terminology used herein is for the purpose of describing

particular embodiments only, and is not intended to be limiting.

[0063] In addition, where features or aspects of the disclosure are described in terms
of Markush groups, those skilled in the art will recognize that the disclosure is also thereby

described in terms of any individual member or subgroup of members of the Markush

group.

[0064] As will be understood by one skilled in the art, for any and all purposes,
particularly in terms of providing a written description, all ranges disclosed herein also
encompass any and all possible subranges and combinations of subranges thereof. Any
listed range can be easily recognized as sufficiently describing and enabling the same range
being broken down into at least equal halves, thirds, quarters, fifths, tenths, efc. As a non-
limiting example, each range discussed herein can be readily broken down into a lower

third, middle third and upper third, etc. As will also be understood by one skilled in the art

2% ¢ 2% ¢

all language such as “up to,” “at least,” “greater than,” “less than,” and the like, include the
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number recited and refer to ranges which can be subsequently broken down into subranges
as discussed above. Finally, as will be understood by one skilled in the art, a range includes

each individual member.

[0065] All publications, patent applications, issued patents, and other documents
referred to in this specification are herein incorporated by reference as if each individual
publication, patent application, issued patent, or other document was specifically and
individually indicated to be incorporated by reference in its entirety. Definitions that are
contained in text incorporated by reference are excluded to the extent that they contradict

definitions in this disclosure.

[0066] Other embodiments are set forth in the following claims.
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WHAT IS CLAIMED IS:

1. A method for at least temporarily retaining moisture in a soil-based substrate, the
method comprising applying an acrylamide pyranose polymer to the soil-based

substrate.

2. The method of Claim 1, wherein the acrylamide pyranose polymer comprises one or

more of beads, pellets, chunks and particles.

3. The method of Claim 1 or 2, wherein the applying comprises one or more of
spraying, dusting, atomizing and sprinkling the acrylamide pyranose polymer as a

solid, solution, or suspension onto the soil-based substrate.

4. The method of Claim 1 or 2, wherein the applying comprises mixing the acrylamide

pyranose polymer into the soil-based substrate.

5. The method of Claim 1, wherein the acrylamide pyranose polymer comprises a

solution of the acrylamide pyranose polymer.

6. The method of Claim 1, wherein the acrylamide pyranose polymer comprises a

suspension of the acrylamide pyranose polymer.

7. The method of Claim 1, wherein the acrylamide pyranose polymer comprises a gel

of the acrylamide pyranose polymer.

8. The method of Claim 5, 6, or 7, wherein applying the comprises one or more of
spraying, atomizing, flooding and sprinkling the liquid retention medium on top of

the soil-based substrate.

9. The method of any one of Claims 1-8, wherein the soil-based substrate comprises
one or more of a soil substrate, a topsoil substrate, a subsoil substrate, a potting soil
substrate, a mud substrate, a clay substrate, a sand substrate, a gravel substrate, a
rock substrate, a stone substrate, a concrete substrate, a cement substrate, and an

asphalt substrate.
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10.

11.

11.

12.

13.

The method of any one of Claims 1-9, wherein the soil-based substrate further
comprises a surface, the surface having one or more of dust particles, saw dust
particles, rock dust particles, silicate dust particles, organic particles, bacteria
particles, mold particles, mildew particles, spore particles, dirt particles, soil
particles, rock particles, stone particles, sand particles, asbestos particles, metal

particles, fiber particles and insulation particles.

The method of any one of Claims 1-10, wherein the acrylamide pyranose polymer

comprises a repeat unit represented as:

R

O NH OH

OH
wherein, each R is individually H or C;-Cys alkyl.

The method of Claim 10, wherein each R is individually H, methyl, ethyl, propyl,
isopropyl, n-butyl, sec-butyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, 2-

ethylhexyl, or isomers thereof.
The method of Claim 10, wherein each R is individually H or methyl.

The method of Claim 11, wherein the acrylamide-pyranose polymer further

comprises a repeat unit that includes a cross-linking moiety.
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14.  The method of Claim 11, wherein the acrylamide-pyranose polymer having a cross-

linking moiety is a polymer represented with the following repeat units:

R R
%
%
O NH OH NH OH
OH OH
O O
NH OH
OH * OH
%
R

15.  The method of Claim 10, 11, or 12, wherein the acrylamide pyranose polymer is an

acrylamide pyranose — acrylamide co-polymer.

16.  The method of Claim 10, 11, or 12, wherein the acrylamide pyranose polymer is an

acrylamide pyranose — meth(acrylate) co-polymer.

17. A kit for at least temporarily retaining moisture in a soil-based substrate, the kit
comprising:
a container comprising an acrylamide pyranose polymer; and
one or more instructions associated with the container, the one or more
instructions including one or more directions for applying the

acrylamide pyranose polymer to a soil-based substrate.

18.  The kit of Claim 17, wherein the acrylamide pyranose polymer comprises one or

more of beads, pellets, chunks and particles.

19.  The kit of Claim 17 or 18, wherein the container is configured for spraying, dusting,
atomizing or sprinkling of the acrylamide pyranose polymer as a solid, solution, or

suspension onto the soil-based substrate.
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20.  The kit of Claim 17 or 18, wherein the instructions include directions for mixing the

acrylamide pyranose polymer into the soil-based substrate.

21.  The kit of Claim 17, wherein the container comprises a solution of the acrylamide
pyranose polymer.

22. The kit of Claim 17, wherein the container comprises a suspension of the acrylamide
pyranose polymer.

23.  The kit of Claim 17, wherein the container comprises a gel of the acrylamide
pyranose polymer.

24. The kit of any one of Claims 17-23, wherein the acrylamide pyranose polymer is a
polymer represented as:
R

O NH OH

OH
wherein, each R is individually H or C;-Cg alkyl.

25.  The kit of Claim 24, wherein each R is individually H, methyl, ethyl, propyl,
isopropyl, n-butyl, sec-butyl, tert-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, 2-

ethylhexyl, or isomers thereof.
26.  The kit of Claim 24, wherein each R is individually H or methyl.

27. The kit of any one of Claim 17-26, wherein the acrylamide-pyranose polymer

further comprises a repeat unit that includes a cross-linking moiety.
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28. The kit of any one of Claim 17-27, wherein the acrylamide pyranose polymer is an

acrylamide pyranose — acrylamide co-polymer.

29. The kit of any one of Claim 17-27, wherein the acrylamide pyranose polymer is an

acrylamide pyranose — meth(acrylate) co-polymer.
30. A cross-linked acrylamide pyranose polymer.

31.  The cross-linked acrylamide pyranose polymer of Claim 30 represented as:

R R
%
%
NH OH NH OH
OH OH
O O
NH OH
OH * OH
%k
R

wherein, each R is individually H or C;-Cys alkyl.
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