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LA = SAND COMPOSITES AND METHODS OF USING THE
SAME TO CONTROL DUST

SPEGIFICATION

Ficld of the Disciosure

0001] The present gisclosure relates (o composiies of sand wherein at ieast

a portion of the surface of the sand is coated with a polyionic polymer. The
disciosure further relates 10 methods of reducing or inhipiting the generation of
gust from sang py coating onto at least a portion of the surtace of the sand a

COVIONIC polymaer.

Background of the Lisciosure

00021 Crystalline silica, the basic component of sand, consists of respirable
size particies and has peen classified as a numan lung carcinogen.  1ne
seriousness of the health hazards associated with silica exposure is evident
from fhe increasing numoer of fatalities and disabiing Hlinesses atirioutabdie 1o
the ingestion of sand dust. Breathing crystalline silica dust has been kKnown 1o
cause silicosis wherein respiraple siica dust enlers the lungs and causes
tormation of scar tissues, thus reducing the apility of the lungs {o take in oxygen.
There is no cure for siicosis.

10003]  The concern of the harmiul effects of sand dust is acute in the
construction industry. Construction workers use blasting sand as an abrasive
o clean metal and concrete surfaces such as durning the removal of paint ang
rust.  In adaition, construction workers use sand in stucco, plasters, roohing,
Oricks, grout and paints tor color, strength and weatherability. The generalion
of harmiul sangd dust is also a concermn o workers in otfher industries. For
instance, foundry workers use sand o create cores and molds such as those

used in the casting of iron, steel, copper and aiuminum  progucts.

1
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Manufacturers ang formulators use sand as a component of a mixiure. Pool
maintenance personnel use sand as a fiter.  Further, sand 1S used in
recreational areas, including golf courses, sport fieids and playgrounds, efc.
0004]  The release of dust particuiates has aiso presentied a concerm guring
treatment operations of welis. For instance, sand is commonly used as a
proppant dunng hydrauiic fracturing and as sandg control particuiates in gravel
packing operations. in such operations, sand dust may be released on-the-fly
as well as during transpori of the proppant to the welisife. Hecently, the reicase
of dust from ractuning operations has come under ciose scrutiny as health
concerns upon field workers and those within resigential areas within the vicinity
of on-shore fracturing has risen.

00057 Methods of inhibiting or preventing the generation and formation of

gust from sand have been sought.

summary of the Disciosure
0006]  The disclosure relates {0 composiies and o meihods of using the

composites. In an embodiment of the disclosure, a composite is disciosed
comprising sand and a polyionic polymer, such as a polycationic polymer. 1The
colvionic polymer is coated onto at least a poriion of the surface of the sand.

0007 in another embodiment of the disclosure, a compoesite is disclosed
comprising sand and a polycationic polymer coated onto at least a portion of
the suriace of the sand, wherein the polycationic polymer is {i} a polyaliylamine
nydrochioride homo- of copolymer, salt or guaiernized derivative, optionaily
comprising modifier units; (i) a polyethyieneimine, salt or quatermnized derivative
thereot optionally comprising modifier units; {(iv) a polylvinylbenzyl-tri{{1—-C4
alkyhammonium sait] or a quaternized derivative thereot; (v) a polymer resulting
from a step-wise polymerization {guaternization) reaction between a dihalige
and N,N,N' N'-tetra(C+—{s alkyh-alkylenediamine; {vi} a poly{vinylpyriding) or
poly(vinvipyridinium salt) homo- or copolymer or a gualernized derivative
thereot; (vii} a polymer via ring-forming polymerization of N, N-giallyl-N,N-di{{C1-

(4 alkyhammonium halide, comprising units of the formula:
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wherein Rt and Hz are each independently G1—Ca alkyl, in particular methyi, and
AN is an anion, for example, a halide anion such as the chioride anion; (viill) a
nhomo- or copolymer of a guaternized di{fGi~C4 alkyhiaminoethyl acrylate or

methacrylate; () a polyaminoamide (PAMAM), a sait or guaternized

derivative thereof; or {X} a mixture of any of {i} through ().
0008] in another embodiment of the disclosure, a method of reducing the
amount of dust generated trom sang 18 provided wherein at least a portion of

the surtace of the sand is coated with a polyionic polymer.

00091 in another empodiment, a method of suppressing the generation of
dust from pariicuiates of sand at a welisite is disciosed. in this embodiment, a
NOIVIONIC polymer may be applied to at least a portion of the surface of the sand
particulates. The polyionic material may be applied o the surface of the sang
particulates during loading of the sand parficulates from a sand mine onto a
fransport vehicie or into a siorage receptacie. The poivionic material may
further e appiied during transioading of the sangd particulates from a transport

vehicle to angther transport vehicie or during unioading of the sand particuiates

from a transport vehicie {0 a storage receptacie. Further, the polyionic maierial
may be applied 1o the surface of the sand particuiates during loading of the
sand parliculates from a storage receptacie 1¢ a transport vehicle or another
storage receplacie. Still further, the polyionic material may be applied to the
surface of the sand pariiculates after the sand particulales are uniocaded from
a transport vehicle into one or more storage receptacies put prior to ioading the
sand particulates into a blender at the welisite. The polyionic matenal may also
ne applied 1o the surface of the sand parliculates as the sand particulates are
icaded into a blender at the wellsite.

000101 In another embodiment of the disciosure, a method of suppressing

the generalion of dust from sand at a welisite is provided wnerein a poivionic
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material is appiied to at least a portion of the surface of the sand pariiculates
after the sand particulates are transported from the mine.

000111 In another embodiment of the disclosure, a method of reducing the
amount of dust generated from sand is provided wherein at least a portion of
ihe suftace of the sand is coated with a polycationic polymer selected from the
group consisting of () a polyaliviaming hydrochicride homo- or copolymer, sait
or quaternized derivative, optionally comprising moditier unils;, (i} a
nolvethyleneimineg, salt or quaternized derivative thereot; (il a polyvinylamine
nomo- or copolymer, salt or gquaternized derivative thereot optionally
comprising modifier units; {iv) a polyivinvibenzyi-tri{C+—Ca alkyhammonium salt]
or a guaternized derivative thereot; (v} a polymer resulting from a step-wise
polymerization (quaternization) reaclion between a dinhalide and N,N,NLN'-
tetra{G1—Cq  alkyl}-alkvienediamine; (vi}) &  polylvinvipyridine)  or
colyivinylpyndinium salt) homo- or copolymer or a guatemized dernvative
thereof; {vii} a polymer via ring-forming polymerization of N, N-diallyl-N,N-di{{1-

(4 alkyhammonium halide, comprising units of the formula:

CH,

wherein B+ and Hz are each independently C1—Ca alkyl, in particular methyl, and
AN is an anion, for example, a halide anion such as the chioride anion; (vill) a
nomo- or copolvmer of a gualernized di{C+~Cs alkyhlaminoethyl acrylate or

methacrylate; ()  a polyaminoamige (PAMAM), a salt or guaternized

derivative theregt; or 4 a mixiure of any of {i} through (x).

00012]  In another embodiment, a method of suppressing the generation of
dust during the processing or transport of sand is provided wherein a
poiycationic polymer is coated onto at least a portion of the surtace of the sand,
wherein the polycalionic polymer is (1) a polyaliylamine hydrochioride homo- or
copolymer, salt or quaternized derivative, optionally comprising modifier units;

(i} a polyethyieneimine, salt or guaternized derivative thereof; (i) a
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polyvinylamine nomo- or copolymer, salf or guaternized derivalive thereof
optionally comprising modifier units; (v} a polylvinvibenzyl-tri{G—Caq
alkyhammonium sait] or a quaternized derivative thereot; (v) a polymer resulting
from a step-wise polymerization {(guaternization) reaclion petween a dihalide
and N,N,N' N'-tetra(C+—C4 alkyh-alkylenediamine; (viy a poly{vinyipyridine) or
pcolyivinylpyndinium salt) homo- or copolymer or a guatemized dernvative
thereof; (vii) a polymer via ring-forming polymerization of N, N-dialiyl-N,N-di{{1-

C4 alkvhammonium halide, comprising units of the formula:

\{\CIH - ) \CIH /\\L

HoGaoCHa

N

/\ A’

R, R,

wherein R+ and Rz are each independently C1—Ca alkyl, in particular methyl, ang
AN is an anion, for exampie, a halde anion such as the chioride anion; (Vi) a
homo- or copolymer of a guaternized di{fC—CGa alkybyaminoethyl acrylate or
methacrylaie; (ix} a polvaminoamide (PAMAM), a salt or guaternized
derivative thereof; of a mixture of any of {i} through {x).

000131 In another empodiment of the disciosure, a method of suppressing
the generation of dust during the processing or transport from sand is provided
wherein a polvallylamine hydrochioride homo- or copolymer is coated onto at
least a portion ¢of the surtace of the sand.

000141 In another embodiment, a composite is provided comprises
narticulates having a positive or negative charge onto which is formed one or
more polyelectroiyie layers.

000151  In another empodiment, the composite comprises a particuiate
naving coated on at least a portion of the surface of the particulate a polyionic
polymer. The polvionic polymer may be a polyeationic polymer such as {i) a
polyaliviamine  hydrochioride homo- or copolymer, sait or guaternized
gerivative, optionaily comprising modifier units; (i} a polyethyiensimineg, sait or
guaiernized derivative thereof, {ili} a polyvinylamine homo- or copolymer, sait

or gualernized derivative thereot oplionally comprising modifier units; {iv) a
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nolvivinyibenzyi-tri{C+~Gs alkyhammonium salt] or a gualernized derivative
thereot; (v} a polymer resulting from a step-wise polymerization (quaternization)
reaction between a dihalide and NN, N N-tetra{CG+-C4 alkyhi-alkylenediamine;
(Vi) a poiy{vinvipyriding) or poly{vinvipyridinium sall) homo- or copolymer or a
quaternized derivative thereof, {(vil) a polymer via ring-forming polymerization
of N, N-dialiyl-N,N-di{C1-G4 alkyblammonium halide, comprising units of the

formula:

wherein Ry and Ro are each independently G—CGaalkyl, in particular methyl, and

A is an anion, for exampie, a halide anion such as the chiloride anion; (vii)
a homo- or copolymer of a quaternized di{C+—C4q alkyhamingethyl

acrylate or methacryiate; {ix) a polyaminoamide (PAMAM), a salt or quaternized

derivative thereof; or {x} a mixiure of any of {i) through (.

00016]  The gisclosure further reiates 1o a well treatment fluig containing a

well treatment particulate coated with polyelectroivie layers or the polycationic

polymer. In addifion, the disclosure relates to a method of making the coaled
particulaies and a method of using the coated pariiculates in the {reaiment of &
well.

000171 In another aspect, the composite comprises a particuiate having a
negative charge on iis surface; the polyecationic polymer being coated onto at
lcast a portion of a particulate bearing the negative charge.

00018] iIn another embodiment, the surtace of the particulate is charged ang
ihe polyelectrolyte layers are tormed onio the charged particulate surface.
Each of the polyelectrolvie lavers is composed of one or more gistinct polvionic
materials. The polyionic maternals of adiacent polvelectrolyle layers are
oppositely charged.

000191 The presence of the polyelectrolyte layers or the polycationic polymer

on ihe surface of the particulate reduces ihe amount of gust generated trom the
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particulate. Thus, when the particuiate 1s {0 be used as a proppant or sand
control particuiate, the presence of the two or more polyelectroivte layers or the
colycationic polymer onto the proppant or sand control particulates reduces the
amount of dust and fines generated from the particulale, during transport of the
particulate as well gunng manufacture of the particulate.

000201 In another empodiment, the presence of the two ©or more
nolyelectroivie layers or the polycationic polymer reduces the amount of dust
generated oy the particulate during transport of the particulate as well as during
the manutacture of the particulate.

00021  In an aspect, the surface of the particulate is combined with two or
more polyeleciroiyvle multi-layers 1o form a composite. The mulli-layers may pe
a dliayer, trilayer, etc. For example, a composite may be composed of more
than one polyeiectrolyte biayer coated onto at least a portion of the surtace of
the particuiate such that a second polyelectrolyte bilayer is coated onto the first
nolyelectroivie bilayer (the polyeiectrolvte bilayer adiacent {o the surface of the
narticulate). A third polyelecirolyte bilayer may be coaled onto the second
nolyelectroiyie dDilayer, a tourth polyelectrolyte bilayer may pe coated onto the
third polysiectrolyte bilayer and so on. Each polyelectrolyte bilayer contains a
cotiom layer and a top layer which contain polyionic material. The polyionic
material of the botlom layer and the polyionic material in the top layer are
oppositely charged {(counterions). The bottom layer of each polyelectrolyte
layer contains polyionic maternal which has a charge which is opposite 1o the
charge of the polvionic materials in the top layer of the polyelectroivie dilayer
which s adjacent to it For exampile, where the particulate is coated with three
nolyelectroiyie bilayers then the polyionic maltenal of the bottom layer of hirg
oolyelectrolyte bilayer has a charge which is opposite to the charge of the
polvionic material of the top layer of the second polvelectrolvte bilayer and the
coivionic maternal of the pottom laver of the fourth polyelectrolyte bilayer has a
charge which IS opposite io the charge of the polyionic material of the {op layer
of the third poiyelecirolyte bilayer.

1000221  In another aspect, the surtace of the particulate contains a charge
{for instance, where the pariicuiate surtace has been surface moditied). in this
instant, the polyionic material of the bottom layer of a polyelectrolyte multi-layer

coated onto the surface of the pariiculate {a first polyelectrolyte bilayer) has a

7
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charge which is the opposiie {0 the charge on the suriace of the particulale.
The polvionic malerial of the top layer of the tirst polyelectrolyie bilayer is a
counterion to the polyionic material of the botiom layer of the polyelecirolyie
cilaver.

000231 In another aspect, where the poivionic material of the pottom layer of
the first polyelectrolyte multi-iayer {e.9., a pilayer) is positively charged and the
polvionic material of the top layer of the first polyelecirolyte pilaver Is negatively
charged, a second iop layer may be added 1o the polyelecirolyie tilayer such
that the most distant layer from the surface of the particulate is posttively
charged. Inan exemplary aspect, where the surface of the particuiate contains
a negative charge, the tirst polyelectrolyte bilayer may be composed of three
layers, each containing a polvionic materiai wherein such {ayers consist of ihe
pcottom layer {(adiacent 10 the particuiate surtace), a tirst top layer and a second

oD layer.

Brief Description of the Drawings
100024 in order 1o more fully ungerstand the drawings referred 1o in the

detailed description of the present disclosure, a priet description of each
Orawing is presented, in which:

000257 FiG. 1 tllustrates the reduction in fines of uncoated sand particulates
and composites of coated sand particuiates gefined herein atter crushing for
two minutes at 5550 pounds per sguare inch {psi).

000261 FiG. 2 illustrates the reduction in produced dust of uncoated sand
narticulates and composites of coated sang particuiates detined herein.
1000271 FIG. 3 illustrates exemplary points during the transport of sand from a
sand mine {0 a weallsite where a polyionic material may be coated onto at least
a portion of the surface of the sand.

000287 Fi(. 4 illustrates a method of applyving a polyionic material onio the
surtace of sand particulaies having been stored in mulliple storage receptacies
by use of a dual belt conveyor.

000297 FiG. & illustrates a method of appiving a polyvionic maternial onto at
least a portion of the surface of sand particulates within a storage receptacie.
000307 FlG. 6 represents an exemplary spraver for applving a polyionic

maierial onfo at least a portion the surtace of sand particuiates.

S
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0003171 FIG. 7 lllustrates a representative flow diagram for coating one or
more poivionic materials at or in cloge proximity to the sand mine or at a
processing faciity prior 10 ioading of the processed sand particulates into a

fransport vehicle.

Detatied

000321 Hustrative embodiments of the disciosure are described pelow as

Description of the Preferred tmbogdiments

they might be empioyed in the operation and in the treatment of oilfield
applications. In the interest of clarity, not all features of an actual
implementation are descrived in this specification. It will of course be
appreciated that in the development of any such actual empodiment, numerous
implementation-speciic decisions must be made 1o achieve the deveiopers
specitic goals, which will vary from one implementation o another. Moregver,
i will be appreciated that such a development effort might be compiex and fime-
consuming, but would nevertheless be a routine undertaking for those of
orginary skill in the art having the penetit of this gisclosure. Furiher aspects
and advanfages of the varicus embodiments of the disciosure will pecome
apparent from consideration of the foliowing description.

00033] The present applicalion is directed 1o a composile containing a
parficulate and a polyionic polymer coated onto at ieast a portion of the surface
of the particulaie. The particulate onto which the polyionic polymer is coaled
may have a cross sectional length less than 30 micrometers.

00034 In an embodiment, the particuiate is sand, Known to generate or form

gust. 1The generation of dust irom the particulate not at least parlially coated
with the poiyionic malerial may te acule guring handling or transpori of the
particulate or during use of the particuiate. Application of the polyionic polymer
onto at least a portion of the surface of sangd IS kKnown {0 suppress or innibit the
generaiion or tormation of dust from the sand pariicuiate. The composite may
oe used as a replacement for sand in any situation where dusling is a cause of
concern.

000351 In an embodiment, the composite may be used in the construction
industry and mining industry as well as during a ireatment operation of a well.
The composite may also be used domestically or for recreational purposes. For

example, the composite may be used as a blasting sand as well as construction

S
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sand. ne composite may e used as a component in stucco, plasters, roofing,
Oricks, grout, concrete and paints.  The composile may further be used as
foundry sand. The composite may be used as a component of a mixture ang
may oe of particular benefit to manufacturers and formulators. The composite
may aiso be used as a tilter, play sand, cat iitter or on goit courses, sport fields,
playgrounds, etc. The composiie may also be used as proppant or sang control
particulate in hydraulic fracturing and gravel packing, respectively.

00036] In addition {0 sand, the particuliate may be deformable or non-
detormable and may be non-porous oF pOrcus and may e INorganic or organic
in nature. in a preferred empodiment, the particulate (s non-deformabie and, in
addition 0 sand, may be composed of quartz, sand, giass peads, plastics,
aluminum pellefs, ceramics {nciuding porous ceramics) or a polymeric
material.

Q00371 The particuiale may also be a geformable particuiate (particuiates that
vield upon application of a minimum threshold fevel {0 point 10 point siress)
incliude naturally occurring materials, such as {a} chipped, ground or crushed
gnelis of nuts such as wainut, pecan, cocenut, almong, ivory nut, brazii nut, etc.;
{0} chipped, ground or crushed seed shelis (including fruit pits) of seeds of fruits
such as plum, olive, peach, cherry, apricol, efc.; (¢} chipped, ground or crushed
seed shells of other planis such as maize (e.4., COmM cobs or com Kernels), etc.;
and (d) processed wood materials such as those derived trom woods such as
paK, hickory, wainut, poplar, mahogany, etc. Deformable particulates may
further inciude such copolymers as polysiyrene divinyipenzene terpolymers
(ncluding polystyrene/divinyl benzene) and acrylate-based terpolymers, and
polymers of furfuryl derivatives, phengl tormaldenyde, phenclic epoxy resins,
polystyrene, methyl methacryiate, nvion, polycarbonates, polyethylene,
colypropylene, polyvinyichioride, poivacryioniiriie-buiadiene-styrene,
polyurethane, poiyethyiens terephthalate ang mibdures thereot.

000381 QOther suitable pariiculates include those relatively  lightweight
particulates having an apparent specific gravity (ASG) (AP KPP 60) less than
2.65. For instance, the relatively lightweight particulates are ulira lightweight
(ULW)Y having an ASG less than or equal 10 2.45. Even more preferred are

those ULW particulates having an AS(G less than or equal {0 2.25, preferably
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iess than or equal to 2.0, more preferably less than or equal io 1.75, even more
nreferably less than or eguai 1o 1.5, most preferabily less than or egual 10 1.25.
1000391 The number average molecular weight of polyionic materiais used to
render the composite is typically trom aoout 50,000 to about 1,000,000 g, more
typicaily trom acout 70,060 to about 200,000 g.

000401 In addition (o being apphed as a singie layer to the surface of the
parficulate, two or more layers o polvelecirolyie, each layer comprising
nolyvionic material, may be coaled onto the particuiate. The polvionic material
N each polyeiectrolyte layer has a like charge ang may pe composed of the
same ionic material or muitiple ionic malenals.  Thus, for example, a
polyelectroivie layer may contain posilive charged polyionic maierial, the
oolvionic material being a mixture of posiiively charged species.

000411 The polyionic matenal used in the composite refers 1o a charged
polymer that nas a plurality of charged groups in a sciution, or a mixkiure of
charged polymers each of which has a piurality of charged groups in a solution.
Exempiary charged poiymers inciude polvelecirolyles.  Polvionic maierials
inciude both polycationic (having positive charges) and polyanionic (having
negative charges) polymeric maierials.

00042 The polvionic malierials that may be empioyed in the present
gdisclosurs inciude polyanionic and polycationic polymers. Examples of suitable
polyanionic polymers include, for example, a synthetic polymer, a biopolymer
or modified biopolymer comprising carpoxy, sulfo, sultato, phosphono or
nhosphate groups or a mixiure therect, or a sait thereof.

000431  Examples of synthetic polyanionic polymers are: a linear polyacryhc
acid (PAA), a pranched polyacrylic acig, a polymethacryilic acig (PMA), a
polyacryiic acid or polymethacrylic acid copolymer, a maleic or fumaric acig
copolymer, a poly(siyrenesulfonic acid) (PSS), a polvamido acid, a carboxy-
terminated polymer of a dgiamine and a di- or polycarboxylic acid, a poly(2-

acrylamido-2-methyipropanesulionic  acid)  {poly-(AMPS))

%
} b

an alkylene
polyphosphate, an alkyiene polyphosphonate, a carbohydrate polyphosphate
or carbohydrate polyphosphonate (e.g., a teichoic acid). Exampies of a
copolymer of acryiic or methacrylic acid include a copoiymaernization product of
an acrylic or methacrylic acid with a vinyl monomer incluging, for exampile,

acrylamide, N, N-dimethyl acrylamide or N-vinyipyrrolidone. Exampies of
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polyanionic  biopolymers or modified diopolymers are: hyaluronic  acid,
giycosaminogiveanss such as heparin or chondroitin sulfate, fucoidan, poly-
aspartic acid, poly-giulamic acid, carboxymeinyl celluiose, carboxymethyi
dextrans, alginates, pecting, gellan, carboxyalkyl chiting, carboxymethyi
chitosans, suifateg polysaccharides.

1000441 A preterred polyanionic polymer is a linear or branched polyacrylic
acid or an acryiic acid copolymer. Another preferred anionic polymer is a linear
or branched polyacrylic acid. A branched polvacrviic acid in this coniext is {o
ne undersiood as meaning a polyacryviic acid optainable by polymernizing acrviic
acid in the presence of suitable amounis of a di- or polyvinyi compound.
1000451 The most preferred polyanionic polymer i1s poly{sodium styrene
suitonate).

000461 A suitabie polycationic polymer is, for exampie, a synthetic poilvmer,
piopolymer or modified piopolymer cComprising primary, secondary, or tertiary
amines or guaternary ammaonium groups or a suitable sait thereot, for exampie
a hydrohalide such as a hydrochioride thereof, in the backbone or as
substituents.  Poiycalionic poiymers comprising primary of secondary aming
groups or a salf thereot are preterred.

000477  Exampies of synthetlic polycalionic polyimers are:

(1) a polyailylamine hydrochioride (FPAMH) homo- or copolymer,
optionally comprising moditier units;

{11} a polyethyleneimine {(FPki);

(i) a poiyvinylamine homo- or copolymer, optionally comprising
maodifier units:

{iv)  a polylvinylbenzyl-tri{Ci—Cs alkyhiammonium salt], for example
ooly{vinvibenzyl-trimethylammonium chioride);

(V) a polymer resuiting from & siep-wise polymerization
(quaternization) reaction between a dihalide and N, N,N',N'-tetra{C1~Cas alkyl)-
alkylenediamine, for example a polymer from (a) propylene-1,3-gichioride or -
dibromide or o-, m-, or p-xylylene dichloride or dibromide and {b) N NN N'-
tetramethyi-1 4-tetramethyienediamine;

(viy & poly(vinyipyriding) or poly{vinyipyricinium  salt} homo- or

cCopoiymer;
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(vil} a polymer via ring-forming polymerization of N N-gialiyl-N, N-

di{C1-04 alkybammoenium halide, comprising units of the formula;

wherein B+ and Rz are each independently C+—Ca alkyl, in particular methyl, and
AN IS an anion, for exampie, a halide anion such as the chioride anion;

(viity & homo- or copolymer of a guaternized di{C—C4 alkybaminoethy!
acrylate Of methacryiate, for axample a OOl 2-NYoroxy-3-
methacrylovipropyltri{ G+-U2  alkyhyammonium  saltl] homopolymer, such as
coly{2-hydroxy-3-methacrvioyipropyitrimethylammonium  chioride), or a
quaternized poly(2-dimethvlaminoethyl methacrylate or a qguatemized
polyivinyipyrrolidone-co-2-dimethylaminoethyl methacrylate); or

() a polyamincamide (FPAMANM), for example a linear PAMAM or a
PAMAM dendrimer.

1000481 The above mentioned polymers comprise in each case the free
amine, a suitaple salt thereot, as well as any quaternized form, if not specified
otherwise.

1000491 The most preferred polycationic polymer is poly(dialiydimethyllamine

nyarochioride) of the formuia:

wherein n is from about 300 to about 6,300,

000507 Suilable comonomers optionally incorporaied in the polymers
according to (1), (i}, (vi) or (vill) above are, 1or exampie, nydrophilic monomers
such as acrylamide, methacrylamide, N, N-dimethyl acrylamide, N-

vinyipyrrolidone and the like.
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000511 Suiiable modifier units of the polyallviamine (i) are known and

comprise, for examuple, units of formula:

L Hz{:"]»

/ ,
¢

\

CH,

/

=N

\\

L===0

/

A

wherein X is G1—0s alkyl, which is substituted by two or more of the same or
different substituenis selsecied from the group consisting of hydroxy, G1-Cs
aikanoyloxy, and Gi—Gs alkylaminocarbonylioxy.

100052 Preferred substifuents of the alkyl radical X are nydroxy, acetyioxy,
propionyioxy, methyil-amingcarbonyioxy of ethyiaminocarbonyioxy, especially
Nyaroxy, acetyloxy or propionyioxy and in particular hydroxy. X is preferably
linear Cs—Ces alkyl, more preferably linear Ca4~Cs alkyl, and most preferably n-
pentyl, whnich IS in each case subshiuted as defined apove. A particularly
preferred radical X is 1,2,3,4,5-pentanydroxy-n-pentyl.

000531  Normally, it is not necessary 10 soak the particuiate in a solution
containing the polyionic material, A concentrated amount of the polyionic
material may be mixed with the particuiate at room temperature. The polvionic
material will then dry guickly onio the surface of the particulate.

(000547 I may be preferred {0 use a particulate having a charged suriace
{such as a silicon charge) or 1o modity the surface of the particulate 1o provide
a charged surface in orgder to enhance electrostatic bonging between the
particulate and the polvionic layer most adjacent {0 the surface of the
particulate.

[00055]  When a polyeationic polymer is applied to the particulate {in lisu of &
saries of polyelectrolyte layers), the surface of the particulate may be neutral or
oear a negative charge. Typically, the surface of the particulate is modified {0
carry a negative charge prior 1o application of the polycationic polymer. For
instance, where the particulate is a metal oxide, the charge on the metal oxide
may be modified by titrating the oxide with dilute NaOH.

000561 In a preferred embodiment, the parficulate is sand. in this

embodimenti, the polyionic material may dbe a polycationic polymer which may
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e applied as a singie layer onio at least a portion of the surface of the sand
narticulate. The coating of the polvionic material onto at ieast a portion of the
surface of the particuiate minimizes or suppresses the formation of harmiul dust
at a destination site. tThe deslination site, as used herein, shall refer to any
location where hanaling of the particuiates by human contact may occur. it may
nciude transter points wherein the particulates are transierred rom an
originating source, such as a mine or guarry, 1o a iransport vehicle or g siorage
receptacie, from a transpori vehicle {0 a sforage vehicle, trom a storage vehicie
o a transport vehicle, rom a transport vehicle 1o another transport vehicle, from
a storage receptacie 1o a tinal destination, from a transport vehicie o tinal
destination, etc. The final destinafion shall refer {0 the point where fhe
carticulate is ultimately {0 be used by the end user. it may include, for example,
ine weillsite, construction site, recreational area, sports venue, etc.

000571 Where a series of polyslecirolytes are applied onto the particulate,
the particuiate may be a neutral particulate whose surface has been modified
to carry a positive or negative charge prior 1o application of the firsi poivionic
layer. For instance, where the particuiate 18 a metal oxide, the charge of the
surface of the metal oxide may oe modified by titrating the oxide with dilute HG T
or dilufe sodium hydroxide, depending on the charge of the particulate suriace
whicHh IS desired. Thus, the charged particulate may be sHica or stiicon water.
surface modification may thus be used to change the surface charge on the
surface of the parficuiate such that the polyionic malerial of the pottom layer of
the first polyelectroivte dliayer deposited onto the surface of the particuiale may
more easily oind 1o the particulate surface. For instance, when the particuiate
IS sand, the surface of the sand may be siiviated in grder 1¢ attract the charge
of polyionic material of the potiom layer of ihe first polyelectrolyie bilayer, i.e.,
the polyionic material adjacent to the surface of the particulate. While it is more
sreferred 10 use a negative charge particulate, the surface of the particuiate
may bear a positive charge as well, For instance, when the pariicuiate is
ceramic, the surtace of the ceramic may be hydroxyiated in order {0 counter the
charge of the polyionic matenal of the polyelectrolyte vllayer agiacent 1o the
charged ceramic.

1000581 Polvelectrolyte layers may be formed on the surface of the particuiate

wherein polyionic material of like charges aggregate into discrete layers onio
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the particuiate. Thus, for exampie, a polyeiecirolyte laver of positive charged
nolvionic matenal may be adiacent 1o a negative charged particuiate. A
polyelectrolyte layer of negative charged polyionic maiterial may be agjacent {0
the polyelectrolyie layer of positive charged polyionic material which is adjacent
o the surtace of the particulate. A succession of polyeiectrolvie layers each
comprised of polyionic material having countenons to the polyionic matenal of
its adiacent polyelectroivte may obe formed. The number of polyionic layers on
the particulale may be as high as 1,000 though usually is less than 40 and
typically is between 2 and 20.

000581 Thus, where the suriace of the particuiate i1s charged, the polyionic
maierial of the polyelectrolyte layer ("the tirst polyelectrolyte layer”) immediately
adiacent to the charged surface of the particulalte may have a charge counier
10 or opposiie 1o that of the charged surface. The polyelectrolvie layer adjacent
{0 the tirst polyelectrolyte layer (Ihe "second polyelectroivie layer”) may have a
charge counter 1o or opposite to that of the charge of the polvionic material of
the first polyelecirolyte layer.  The charge of the polvionic iayer of the
polyelectroiyie layer agjacent (0 the second polyelectrolyte layer ("the thirg
polyelectrolyte layer”) has a charge counter {0 or opposite 10 that of the charge
of the polvionic material of the second polvelectrolyie layer, and so on.
00000 In one embogiment, alternating polyelectrolyie lavers composed of
oppositely charged polyionic material are formed onto a charged surtace of a
narticulate by simullaneously deposiling, onto the surface of the particulale,
material of opposite charges. The polvionic malerials self-assemble onto the
surface of the charged particulate much lke opposiiely charge magnets
assemble with each other. Clusters of polysiectrolyte layers may be formed
onto the particulate or more discrete polyelectrolyte layers may form onio the
particulate.  iIn one embodiment, polyeleciroiyie layers having opposiiely
charged polyionic maternial may interlock with each other. This arrangement
may sirengthen the coating forming onto the particulaie.

000611 Thus, polyionic materials of like charge assempile {0 torm the first

nolyelectroivie layer, wherein the charge of the polvionic materials is counter 1o

the charge ot the charged surface of the particulate. The polyionic matenals of

ike charge {(opposite to the charge of the polyionic maternials of the first
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nolyelectroivie laver) seif-assemble 10 torm the second polyelecirolyie layer,
ang so on.

00062]  The coaling of one or more polyionic maiterials onto at least a portion
ot the surface of the particuiates has been found {0 markedly reduce the amount
of dust generated or released upon agitation of the particulates. Thus, in an
embodiment, the presence of at least one polyionic material coated onto at ieast
a portion of the surface of the particuiate minimizes the amount of dust
generated from ihe particuiate during transport of the particulates as well as
during dispensing of the particulates at a pre-determined venue. Such venue
may inciude a wellsite, construction site, recreational area, sporis venue, atc.
000631 For example, the amouni of dust generaied curing pumping of
particulaies at a welisite (the surface of the particulates nol having been coaied
with the polvionic matenal}, s much higher than when the surface of the
particulates are at least partially coated with the polyionic material. The
nresence of the polvionic layer(s) on the particuiate may further reguce wear in
nuUMpIng components and downhole tools, compielion fubing and casing, and
related hardware gunng operations.

00064] The polvionic malenial{s) may pe coated onio the suriace of ihe
particulatie during extracltion of the particulate from the mine or during
Crocessing or refining of the extracted particulate.

000651 The polyionic material{s) may De coated onto the surtace of the
parficulate atter extraclion and processing of the parlicuiate while being loaded
onte a transport vehicle, during loading of the particuiate inio a siorage
receptacie, during unioading of the particulate from a transport vehicle, dunng
unioading of the particulate trom a storage receptacie 1o a transport vehicle,
during dispensing of ihe particulate at a pre-determined location, eic.

00066]  FiG. 3 illusirates representative points for coating the surface of
exiracted and processed sand particulates 1o a welisite. Fi(a. 3 is exemplary of
four alternative routes for transfer of pariicuiates from an originaling source
(such as mine or quarry 310) after the particulates have been extracted and
processed. The routes may involve one or more transport vehicies as well as
gne or more storage receptacies particulates. kExemplary transport vehicles

may inciude a truck, raii car, barge, ship, eic.
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000671 Typically, sand particuiates are brought in from the sand mine by
tankers and then either fed from the tanker into a storage tratler or biown into
the storage receptacie.

00068]  Typical storage receptacies are in the form of stalionary containers,
noppers, or oins and may include proppant storage traillers often referred 1o as
“‘mountain movers”, “sand hogs” or "sand Kings’.

000691 Possible locations of the treatment of the particulates with the
nolvionic material(s) are depicted in Fi. 3 by the symbol ¢. At any of the poinis
designated, one or more polyionic materials may pe applied onto the surface of
the particulate. Suitable methods of application of polyionic materials may
include use of a permanent spray sysiem or mobile spray system at any of ihe
coints designated.

000701 in a preferred embodiment, spray nozzies with adijustable speeds are
used which provide a mist of the polyionic materiais contained in smail droplets
of water. The polyionic malerial is applied onio the particulates at slow speeds
and an angle of exposure from 35° o 1500°, preferably above 890°. By
cortroiting the speed and the size of gropiets of polyionic matenal, the minimum
amount of polyionic malerial in an agueous solution is needed. This leads 1o a
particulate having a minimum amount of water and thus flows freely without
naving a wet aspect.

O00711 Thus, tor instance, Route 1 shows the possibie avenues for coaling
of the particuiates {0 be during loading of the sand particulates trom sand mine
310 onto transport vehicle 332 as weil as during unicading of the pariiculates
from transpoert vehicie 332 10 dlender 320 at the welisite.

00072  iIn the blender the treated particulates may be blended with other
components comprising a well treatment fluid. Such other componernts may
inciude one or more of the following: viscositying agent, crossiinking agent,
Oreakers, carrier fluid, scale innhibitors, asphaliens inhibitors, scavengers,
surfactants, etc.

000731 During the chain of transfer, it is possible that the parficulates may
e fransferred from one transport vehicle to another. Houle 2 shows the
transfer of the particuiates into tirst transport vehicie 342 and then 1o second
fransport vehicle 344 to blender 320 al the wellsite. Houte 2 turther shows an

alternative avenue wherein particuiates may oe transterred from a iransport
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vehicie {shown as second transpori vehicle 344) 1o storage receptacie 343.
The particuiates may then pe transported from siorage receptacie 343 1o
cliender 320 at the welisite. Houte 2 thus shows that the particuiates may be
freated at one or more of the foliowing locations: during loading of the
particulates from sand mine 310 onto first transport venicie 342; during
unicading of ihe particulates from tirst transport vehicle 342 onio second
transport vehicie 344; during unicading of ihe particulates from second
transport vehicle 344 info blender 320; during transter of particulates from
second transport venicie 344 into storage receptacie 343; and during franster
ot the particuiates from storage receptacie 343 into blender 320 at the welisite.
1000747 Route 3 shows an exemplary chain of transfer wherein the
particulates may pe transferred info a transport vehicle and then transferred
trom the transport vehicle into the blenger at the welisite. In particuiar, Houle
3 18 depicted as transterring the particuiates from sand mine 310 into a tirst
transport vehicle 352, The fransported particuiaies may then be {ransterred
into storage receptacle 353. Al the wellsite the particulates info siorage
receptacie 353 are then transiarred into biender 320. An alternative avenue in
Houte 3 is the transter of the particuiates from storage receptacie 353 inlo
second fransport vehicle 354, The parliculates are then fransported trom
second fransport vehicle 354 into blender 320 at the welisite. Houte 3 thus
shows that the particulates may be frealed at one or more of the following
ocations:  during ioading of the particulates from sand mine 310 onto first
transport vehicle 352; dguring unioading of the particulales from first transport
vehnicie 352 into storage receptacie 353, gunng transter of the particulates from
storage receptacie 353 info blender 320, dunng loading of the particuiates trom
storage receptacie 353 onio second transport vehicle 354, and during transier
of the particulates from second transpori vehicle 354 info blender 320 at the
welisite.

000751 Houte 4 shows an exemplary chain of iransfer wherein the
narticulates may be transferred into {first) storage receptacie 363 from sang

mine 310 and transported in (first) transport vehicie 362 into blender 320 at the

wellsite. Route 4 also shows an alternate avenue wherein the particuiates may
ce transported from first transport vehicle 362 into second storage receptacie

365 and then to blender 320. Still further, the particulates from second storage
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receptacie 365 may be transferred {0 a second transport vehicle 364 and then
transported 1o dlender 320. The surface of at least a portion of the particulales
may be freaied at one or more of the iollowing iocations in Route 4. during
lcading of the particulates from sand mine 310 into first siorage receptacie 363;
Qurng unicading of the particulates from storage receptacie 363 onto transport
vehicie 362, during unloading of the particulates trom transport vehicle 362 into
piender 320; during unlcading of the particulates from first transport vehicle 362
into second siorage 365; during transter of the particulates from second siorage
receptacie 365 into blender 320; ounng transter of the particuiates from second
storage 3065 into second transport vehicle 364, and during franster ¢f the
particulates from second transport vehicle 364 info dlender 320.

000761  His understood that FIG. 3 is merely exemplary of points within the
chain of transter of the particuiate from originating source 310 to blender 320
where the particulate may be coated with polyionic material{s). Combinations
of the routes and/or avenues descrined above are plausibie as well as any other
route involving transference of the particulate into the biender. Moreover, while
Fila. 3 shows only one or two transport vehicles as well as storage receptacles,
i1 1S possibie for the chain of transter 1o include transfer into mulliple fransport
vehicles as well as siorage recepliacies.  Typicaily, the composiie may e
transterred o more than one transport vehicie pror 1o delivery of the composite
10 ihe wellsite. In many instances, the composite s transterred mulliple times
within a supply chain prior 1o reaching the destination for its use.

1000771 FiG. 4 lllusirates a preferred embodiment of applying the polyionic
material{s) onto the surface of the particulates at a tinal destination point using
dual belt conveyor 421. The final destination point in Flia. 4 is a wellsite. As
iustrated, uncoated (or untreated) particulaie may be unloaded from one or
more transport vehicies (Hiustrated as transpori vehicle 422} into storage
receptacies 420 and 428 as well as 423 and 425, A conveyor s typically used
to deliver particulaie into the storage receptacies from the transported vehicle.
storage receptacies 420 and 428 are iliustrated as peing on oppgosite sides of
dual belt conveyor 421 from storage receptacies 423 and 425, The polvionic
material may be applied onto the surface of the particulates as the particulates
are fed into the storage container {shown as particulaie being icaded o

storage receptacie 426 from transport venicie 422). Likewise, {he polyionic
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material{s) may be coated onto the particulates as they are transterred from the
storage receptacies by a convevor onto gual belt or T-bell conveyor 421, The
1-Delt conveyor runs transversely where the sand particulates are coilecied
from the multiple storage receptacies. A conveyor pelt may run from the bottom
ot the storage receptacle o the T-belt conveyor.

1000781 Coating of the polvionic material{s) onto the surface of the
particulates may also occur during fransfer of the particulaies on conveyor 421
into the hopper of one or more mixing dlenders at the welisite, illustrated in FiG.
4 as gual blenders 420 ang 424.

1000791 In apreferred embodiment, the particuiate is coated with the polyionic
malerial{s; at a singie point within the chain of transfer. For instance, the
carticulate is preferadly coated onto the surface of the particulate at the site of
the supplier as the particuiate i3 being ioaded onto the transport vehicie or info
a storage receptacie; during loading of the particulate from a transport vehicie
into another transport vehicle or storage recepiacie; during loading of the
narficulates form a siorage receptacie {0 a transport vehicle or another siorage
receptacie; after the particuiates are unigaded from a transport vehicie into one
or more storage receptacies but prior (o Isading the sand parliculates into a
ciender at the welisiie as well as whiie the particulates are peing loaded into a
ciender at the welisite.

000801 While in a preferred embodiment, the entire surface of the particuiate
IS coated with polyelectrolyie layers, a portion of the surface of the particulate
may te coated as well. For insiance, pelween from abouf 5 {0 about 100
nercent of the surface of the particulate may pe coated with the polyesiectrolvte
layer. in one embodiment, thereol iess than or eqgual 10 25 percent of ihe
surface of the particuiate may be coaied with ihe polyelectrolyte layer. In
another embpodiment, less than or egual 10 50 percent of the surface of {he
particulate may e coated with the polyelectrolyte layer. In another
embodiment, less than or egual 1o 75 percent of the surface of the particuiate
may obe coated with the polyeiectroiyte layer. Further, all or a portion of a

nolyelectrolyte layer may be coated onto an adjacent oppositely charged

nolyelectrolyte layer.
000811 FiGG. 5 represenis an illustration of a representative method of

appiving a polveleciroivie layer onto at least a portion of the surface of
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particulates. As iliustraied, sand particulates are 1ed into a siorage recepliacie
5653, such as a Sand King, through transport tube 580 via line 570, FIG. &
Shows polyelectrolyte being fed into spray nozzie or spray bar 558 through line
572 and impinges on the sand particulates inside storage receptacie 553, FIG.
5 turther shows the polysiectrolvie exiting stationary spray bar 558 at exit port
576 as the sand particulates exit through port 578 from transport tube 580.
000821 The polvionic material is contained in an agueous fHuild and
atomization of agueous dropiets onto the parlicuiates is achieved by pumping
water through the spray bar ang/or spray arms at high pressure or oy using a
compbination of compressead air and agueous solution containing the polvionic
material. in a preferred embpodiment, the polyelectrolyie is applied onio at least
a poriion of the particulates after the pariiculates are unicaded from a fransport
vericie into the storage receptacle.

000831 As an allernative to, or in addition, 1o the coating process in the above
naragraph, FlG. 5 further illustrates sand pariiculates 583 exiting siorage
recepiacie 553 through exit port 582. Sand patticulates 583 fraverse pathway
586 and enter onio moving conveyor 580, Spray arm 580 may extend from
spray bar 558 and polyelectrolyte may be sprayed onio sand parficulates 583
as the sand particulales are moved along pathway 586. Spray arm 590 may
pe stationary oF may oe moveable as the sand particulates move along pathway
586. Alternatively, or in aggition to this, spray arm 592 may extend from spray
har 558 and polyelectrolyte may be applied onto the sand parliculates as they
traverse down moving conveyor 580 through spray arm extension 585, In
addition 1o or as an alternative, the polyeiectrolyte may be applied onto the sand
garticutates through spray arm extension 596 as the sang particulates move off
of moving conveyor 580 info mixing dlender 588. From biengder 598 the coated
particulaies may be fed through tubing 594 downhole.

G00847 FiG. 6 represents pressure sprayer 600 for applving the
nolyelectroiyvie onto the surface of sand particulates. in FiQG. 6, polyelectrolyte
may o fed through line 621 and pressurized air through feed line 622. Air
atomizing nozzies on the spray dar and spray arms and compressed air provide
very small drops of polyionic material onto the particulate.  The polyvionic
material moves under pressure through spray bar 630 which piturcates into

pathway 632 and pathway 633. Horseshoe bars extend from pathway 632 and
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nathway 633 and provide mulfiple eniry poris (B34a, 634b, 634¢, 63440, 634e
and 634f) of polysiectrolvte into the interior of spraver housing 615,
Polyelectrolyie entry ports 655a, 655k, 655¢ and 655d into sprayer housing 615
may further appear on the uppermost portion of the sprayer housing from a
spray bar (not shown). As sand particulates {(shown as B26A, 6268, 6260 ang
6200 traverse along the intenor of the housing 615, polyeiecirolyte is sprayed
onto the particulaies. At least a portion of the surface of the particulates may
ne coated wiih the polyelecirolvie once exiting the housing as coated
narticulates 646A, 6468, 6460 and 646D.

1000851  In addition, one or more polvionic layer{s) may pe coated onio the
particulates either during extraciion from a mine or durng processing of
exiracted raw particulates. Methodologies of extraction and processing of sand
may vary widely. Sands suitable for fracturing exhibit high compressive
strengtn {generally petween trom about 3,000 psi {o about 14,000 psi) and are
typically found in pooriy cemented or unconsolidated sandsiones.

000861 FiG. 7 illustrates a representative flow diagram where sand may be
coated with a polyionic layer{s} at or in cipse proximity 1o the sand mine or at a
processing facility prior to ioading processed sand particulates into a transport
vehicle. Also iHustraled in FiG. 7 are illustrative representative points for
coating at least a portion of the surtace of sand particulates with a polviohic
material{s). While Fi. 7 primarily relates to the coating of frac sand, i is
understood that i is applicable as well 1o the coating of sand used in other
industries and purposes.  Further, i is understood that any or all of the
processes referenced in FiGa, 7 may be inciuded during excavalion and/or

processing of rac sand.

000877 RHeferring io FIG. 7, a common method of excavating frac sand from
sand mine 710 is by the use of large tracked excavators or tront end ioagers.
sand 714 extracted from sandstone with the front end {oader is typically then
dgumped into transport vehiclie 716 for transport 1o processing facility 718 or
nlaced onto conveyor belt 720 1or transit to processing tacility 718, Processing
facility 718 may be at the sile of sand mine 710 or remote from sand mine 710.
1000887  FIG. 7 illustrates coating of the polyionic material{s) may be applied

(designated by the symbol ¢ onto at ieast a portion of the surface of the sand
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narticulates) during loading of ihe exiracted raw sand onto fransport vehicle
716, during unioading of transported sand particulates 712 to processing faciity
718, auring loading of sand particulates from sand mine 710 onio conveyor delt
720 or during transit of the sand particuiaies on conveyor belt 720 inlo
orocessing facility 718.

00089 Haw sandg 714 may also be excavated from sand mine 710 by
nydroblasting (oplionally with the use of crushers) wherein a high pressure
water siream 722 is used 10 loosen the weakly cemented sandstone, while
keeping the individual round grains of raw frac sand intact. As lilusirated, the
water stream used in hydroblasting of the sand particulates trom the sandstone
may contain a polyionic material. At ieast a porfion of the exiracted raw sand
(even prior {0 further processing) may be coated wiih the poivionic material(s)
present in the water stream used in hydrobilasting.

1G000801  Since it is important that frac sand be of uniform size and shape, the
extracted raw sand is typically further processed. Processing of the raw sand
may or may not be on-sile of the mine. Thus, the raw sand {oplionally coated
with a poiyionic matenal(s)) may be transferred to an otf-site processing area.
in FIG. 7, the raw excavated sand is Hllusiraied as being subjecied to a washing
orocess 724 in order to remove fine particles from sand particulales. Typically,
washing is done by spraving the sand with water as it is carried over a vibrating
screen. ne fine parlicies are washned ¢off the sand as the coarse particuiates
are carried along the screen by the vibration. As Hlustrated in FIG. 7, wash
solulion 726 fed info the washer may contain ihe poivionic material(s). Washed
extracted sand 728 may contain the polvionic material{s) on at ieast a portion
of its surface.

000911 In some instances, washing process 724 may include the use of an
uptiow clarifier comprising a iank. Water (optionally with the polyionic
material{s}} and sand may be continuously directed into the tank. Overflow
water along with the fines overtiow the tank while {he washed sand falls by
gravity 10 the boitom of the tank and is sent tor further processing.

000921 Washed sand 728 may then pe sent 1o surge pile 730 where water
adherning to the sand particles intiltrates back inio the ground. From the surge
pile, treated sand 732 may be sent {o dryer 734. During transier, the surface
of treated sand may optionally be coated with polyionic material(s). in dryer
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/34, the sand is typically dried in a drum as hot air 736 is dlasted into ihe drum.
Fing inside the drum may agitate the sand and carry it torward through the dryer.
when il reaches the end of the drum the sand is typically cooled.

000931 Washed sand particulates are then typicaily sorted o isolate suitable
sand meeting APl specifications as frac sand. Typically, the washed sand
{optionally dried and/or treated) is cooled prior 10 being subjecied (o treatment
in sorter 740. Sorter 740 is typically one or more perforated sieves, screens or
niates with different hole diameters or openings 1o separate the pariicies
aceording 1o size.

1000941  FIG. 7 illustrates sorting of dried sand 738 though sand 738 may pass
from surge pile 730 directly into sorter 740. In sorter 740, particulates of sand
unsuitable tor use in fracturing are separated. At least a portion of the suriace
ot the sand particuiates may be treated with the polyionic matenal(s) prior 1o
peing fed into sorter 740, Alternatively, screened frac sand 742 may be {reated
with the polyionic malerial{s) after exiting sorier 740. Thus, as illusirated in FiQa.
7, the sand may be treated with the polvionic material{s} prior 10 being sorier,
as it passes through the sorter or aiter peing sorted.

000951 Alter sorting, the finished product may be moved {0 bulk production
warehouse or siorage location 744, Storage localion 744 may be a storage
cortainer, such as a sto, as well as an open location (such as a sand plie). The
sorted sand may pe ireated with the polyionic malenal(s} during such
movement. Thus, prior {0 loading the frac sand into the fransport vehicle, such
as transport vehicle 322 in Fi(. 3, at ieast a portion of the surface of the sand
may oe coated with the polyionic material{s).

000861  In an embodiment, a polyelectrolyte layer may be coated onto the
particulate in the torm of muiti-layers of oppositely charged like charged layers,
cach layer comprising counterions o the polyionic material of the
colyelectroivte layer which is adjacent to i, Le., the polyionic material in a layer
has charge opposite (o the charge of the polyionic material as s adiacent
layer(s}. For purposes herein, the innermost layer 1o the particuiate, i.e., the
laver immediately adjacent 1o the particuiate, shall be termed "the bottom layer”.
The top layer is composed of polyionic material which Is counterions o the
polyionic material in the botiom layer. The bottom layer and the top layer

constiiuie the polvelectrolyte bilayer. When more {han two layers constifute the
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nolyelectroivie then each laver petween the potiom layer and the {op layer has
a charge opposite 1o the laver to which i is adjacent.

000971  In a preferred embodiment, the polyelectrolyte is a bi-layer and one
or more polyeiectrolyte bilayers are coated onto the surface of the parficulate.
Each successive polyelectrolylte biaver would te coated onto the first
polyelectrolyte layer which i1s adjacent to the particulate. Each additional
nolyelectrolyie bilayer consists of a poltom iayer composed of a polvionic
material and a top iayer composed of a second poivionic material wherein the
nolvionic material in the pottom lavers and top layers are oppositely charged.
1000981 kach polyelectrolyte mulli-layer i1s laid onto the particuiate In
SLICCESSION sSuch as in a self-assembly. The polyionic material in the bottom
laver of each successive polyelectroivie multi-layer has a charge which s
opposite 1o the charge of the polyvionic material in the top fayver o which the
successive polyelectrolyte mulli-layer is adjacent.

000981 For example, where three polyelectrolvte pilavers are coated onto the
narficulate, the polvionic maierial in the oottom iayer of the third polyelectrolvte
cllayer 18 opposite 10 the charge of the polyionic material in the {op layer of the
second polyelectrolyte pilayer. In those instances where four polyelecirolyte
cilayers are coated onto the parlicuiate, the charge of the polvionic material in
ine bolom polyionic fayer of the tourth polyelectroivie bilayer is opposite to the
charge ot the polyionic malenal of the top layer of the third poiyelectroivte
hilayer and so on.

0001001 When the suriace of the parliculate coniains charged materials, it is
necessary that the polvionic matenal of the Dbottom layer of the first
polyelectroiyie bilayer coated onio the particuiate have a charge which is the
opposiie 1o the charge of the surtace of the parliculate. The polvionic material
of the fop layer of the first polyelectrolvie bilayer is a counterion 1o the polyionic
material of the bottom layer.

G00101] In some instances, the polyionic material of the potiom layer of the
first polyelectrolyte bilayer may be positively charged. This would pe the case,

for exampie, where the surface of the particulate carries a negative charge.

The polyionic material of the top layer of the first polyslectroiyvte pilayer would
thus carry a negative charge. In such instances, it may be desirable 1o apply

a second top layer, 1.e., a second coating on top of the first top coating, such
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that the polyionic material of the second {op coaling iIs opposiiely charged 1o
the polyionic material of the Hrst top coating. The second top laver is often
desirable in order 1o seal or embed the negatively charged polyionic maierial of
the first top coaling within the matrix defined by the first {op layer and the bottom
layer of the tirst polyeiectroivie layer. Thus, for instance, where the surface of
the particulate s negatively charged, the pottom layer may be composed of
nositively charged poivionic material, the tirst {op layer may de composed of
negatively charged polvionic material and the second {op laver would then be
composed of positively charged polyionic matenal. The polvionic material of
the bottom layer of a second polysiectrolyte dDilayer, when present, would De of
a negative charge.

GO0T102] 1t is ofien preferred to include nanoparticies in the polyionic solutions
or in a thuld containing a polycationic polymer in order improve the performance
of the deposiied coaling. Where a series of electrolvie layers are applied onto
the particulate, the nanoparticies may be applied separately onto the particulate
as alternating layers.

1000103 Since the nanoparticles are deposited along with the polyionic
maierial or polycationic polymer onto the surface of the particulate, it is
desirabpie that they have a surface charge aliowing them {0 be deposited wilh
and (o bind to the polyionic materials or polycationic polymer.  Any type of
nanoparticie that has a surface charge capaple of binding with the depositing
nolyelectroivies or polycationic polymer may be used in accord wiith the
principies of the disciosure. In an aspect, the nanoparticie may be a clay {such

as bentonite ang smectite clays), double layered hydroxides, carbon

nanctupes, graphene oxide, metal phosphates {(such as zirconium ang titanium
chosphate), metal sulfides {(such as WSo, Tabz, TiSz), metal oxides {such as
aluming, siica, magnesium oxide, or zinc oxide.} When present, the amount of
nancparticies included in a tiuid solution containing the polvionic materiais or
nolycationic polymer may be petween from apout 0.01 1o about 15, preferably
from about 0.05 10 about 10, volume percent.

000104 A composite of coated muiltl lavers of polysiectrolvite onto the
particulate may be prepared by merely mixing two or more polyionic materials
ol opposite charges together in water. The agqueous mixiure may then be

deposiied onio the surface of the pariicuiate and the composite, then dried.
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During the process, polyelectrolvtes of opposite charges aggregate with each
other. Al or a portion of the surface of the particulale may pe covered by a
polyelectrolyte layer having polyionic materials of a charge counter io ihe
charge of the surface of the particulaie. All or a poriion of the polyelecirolyie
layer agiacent 1o the surtace of the particulate may be covered Dy a second
polyelectrolyte layer having a charge opposite (o the charge of the
polyelectroivie adjacent {0 the surface of the particulate. A succession of
nolyelectrolyie layers coniaining polyionic materials may be deposifed onio the
composite, each successive polyeiectroivie layer comprnsing  poivionic
maternials having a charge opposite {¢ the charge of the polyionic material of the
oolyelectroivite layer adjacent 1o i,

GO0105] Typically, the thickness of any polyelectrolyte layer will be less than
aocout 50 nm, more typically from 5 nm o about 25 nm.

O00108] In a preferred empodiment, the particie size of the polyionic material
and the particle size of the particulates are substantially the same (typically pius
or minus 10%). In a preferred embpodiment, the particie size of the polyionic
material and the particuiates is from about 50 1o about 2,0004.

0001071 Normally, between from about 25 to 80 percent of the surface of ihe
particulaie is coated with the polyelectrolyie layer and between from about 25
t6 80 percent of each polyelectroivie surtace is coated with a successively
appiied polysitectrolyte coaling. in an empodiment, it is desirable {o coat the
particulate with an amount of polyelectrolyte layer such that all of the charges
on the surface of the particuiate will be countered with a charge from the
oppositely charged poivionic material of the polyelectroivie layer which IS being
appiied. LiKewise, the amount of a successive polyeiectroiyie layer applied {©
an adiacent polyelectrolyte layer is the amount {0 counter the charges of the
colvionic material 1o which the successive polvelecirolyie layer is being applied.
As such, a 1.1 ratio of negative 10 positive charges is preferred.

000108] The composite may further be prepared by a “layer-py-layer”
methodoiogy wherein each layer of a material is non-covalently bond to another

layer of a diffterent material.

000108 For instance, the composite may be prepared by first contacting the
particulate with a first coating solution which contains the polyionic material of

ihe bottom laver in order to non-covalently apply the innermost layer of the
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nolyvionic material onto the suriace of the particulate. Typically, the amount of
noivionic matenial in a coating solution as detined nerein is between from apout
0.02 1o about 2 percent by weight, typically between from about (.05 to apout
1 percent by weighi.

G00110] The particulate having the innermost layer of the polvionic material
attached to its surface is then contacted with a second coating soiution
containing the polyionic material comprising the top layer. The combination of
the two layers of polvionic material forms a first polyelectrolivte pilayer on {op of
the particulate; the first polyelectrolyte dilayer consisting of the pottom or
innermost layer {o the particuiate composed of a first polyionic material and a
fop layer of a polvionic material on top of the innermost layer; the second
colyvionic material having charges opposite of the charges of {he first polyionic
material. Additional layers may then be added o the particulate by turther
incorporating steps of contacting the particulale having the first polysiectrolyte
pilaver with a third coating solulion. The third coating solution contains a third
nolvionic material having a charge which is opposiie to the charge of the second
polvionic material.  The third polyionic material may bDe the same as the first
colyvionic material or may be angcther polyionic material with the same charge
as the tirst polyionic material. The thirg polyionic layer is thus formed on top of
the first polyelectrolvte bilayer. A fourth polvionic coating may then be applieg
onto the third polyionic layer on the particuiate in order 1o form a second
polyelectrolyie tilayer composed of the third polyionic material and the fourth
nolvionic material. The fourth polyionic material has a charge opposite o the
charge of the third polyionic material. The fourth polvionic material may be
composed of the same material as the second poivionic material or may be
another polyionic matenal with the same charge as the second polvionic
malerial. The method may then be repeated in a like manner 1o form one or
more additional poivelecirolyte bilayers.

G001111 One or more rinsing steps may be included during the process of
making the composite, especially between steps of applying successive
nolvionic coaling layers containing polyionic materials of unlike charges. The
nnsing steps are carried cut by contacting the pardicuiate with a rinsing solution.

The rinsing solution may be an agueous solution.
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000112] To effectively deposit the tirst layer of poivionic material, the surface
of the parficulate may need 10 be charged making it capanle of having
clectrostatic interactions wiih the polyionic material. For a proppant such as
sand this step may be unnecessary. Sand is fargely composed of silica (5102,
which has SO groups or Si-0OH groups that readily hydrolyze, found along is
surface. These &Si-0O groups allow for the tirst layer polyelectrolyte 1o bind.
Other types of proppant may be neutrally charged at their surface and, hence,
not capable forming a substantial electrosiatic interaction {o bind with the first
nolyelectroivie layer. These proppants would have 1o undergo an initial step to
place a charge on thelr surface. Any method that places a charge on the
proppant surtace aliowing i 1o interact with the first polyeleciroiyle layer is in
accord with the principies of the present disclosure. For example, a proppant
may need o undergo a siiviation reaction placing SFOH groups along iis
surace.

0001131 In preferred embodiments, the particuiate coating that eliminates
sharp edges on the particulate and functions as a lupricant o materiaily reduce
mechanical erosion of the pumping components. ideally, the coated particuiale
will have a low friction facior and high impact resistance thal renders i resistant
o chipping and shattering.

{0001 14] The layers of polyionic material bind 10 the surtace of the particuiate
and 1o one another substantially through selectrostatic forces.

G00115] While it is preferred that all polyionic materials forming the assembly
coated onto the surface of the particuiates be performed at a singie location,
ditfterent poiveiectrolyte layers may be applied onto the particulate at multipie
locations. Referring to FiG. 3, tor example, it is possible for the particulate o
be coated with a polycationic matenal in Route 3 during loading of ihe
particulate info storage receptacie 353 from transpori vehicle 1 and then a
polyanionic maternial guring loaging of the polycationic coated particulate onto
transport vehicle 354.

000116] The composites defined herein are particularly etfective in hydraulic
fracturing as well as sand controt fluids such as water, sall brine, slickwater
such as slick water tracture treatments, low concentralion polymer gel Huids

Hinear or crossiinked), Toams (with gas) fluid, liquid gas such as lguid carbon
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dioxide fracture treatments for deeper proppant penetration, ireatments for
water sensitive zones, and treatments for gas storage wells,

10001171 The composites may be mixed and pumped during any desired
portion of a well treatment such as hydraulic fracturing freaiment or sand conirol
freatment and may be mixed in any desired concentration with a carrier fluid.
Suitable carrier fluids may be used in combination with gelling agents,
crosslinking agents, gel breakers, surfactants, foaming agents, demulsifiers,
puffers, clay stabilizers, acias, or mixiures thereot.

1000118) The use ¢of the composites as a proppant advantageously proviges
for substantially improved overall system performance in stimulation procedure,
sSuch as nhydraulic fracturing appilications, as well as other well treating
applications such as sand confrol.  When used in hydraulic fracturing, the
composites may be injected into a subterranean tormation in conjunction with
a hydraulic fracturing treatment or oiher treatment at pressures sufticiently high
encugh 1o cause the formation or eniargement of fractures.

C00119] Other well frealing applications may be near wellbore in nature
(affecting near wellbore regions) and may pe directed toward improving
wellbore productivity and/or controlling the production of fracture proppant or
formation sand. Particuiar exampies inciude gravel packing and "frac-packs.”
Moreover, such particies may be empioyed alone as a fracture proppant/sang
control particulate, or in mbtures in amounts and with types of fracture
proppant/sand conirol materials, such as conventional fracture or sand control
narticulate.

0001201 In one exemplary embodiment, a gravel pack operation may be
carmed out on a wellbore that penetrates a sublerranean tormation 1o prevent
or substantially reduce the proguction of formation particies into the welibore
from the formation during production of formation tiuids. The subierranean
tormation may oe compieted so as to pe in communication with the interior of
the wellbore py any suilable method known in the ari, for exampie by
perforafions in a cased welibore, and/or by an open hole section. A screen

assemply such as is known in the art may pe placed or otherwise disposed

within the welibore so that at least a portion of the screen assembiy is disposed
adjacent the subterranean formation. A slumry including the composites and a

carrier thuid may then pe infroduced into the wellbore and placed agjacent the
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subterranean formation oy circuiation or other suitable method s0 asto form a
fluid-penmeadie pack in an annular area between the exterior of the screen and
fhe interior of the wellbore that is capable of reducing or substantially preventing
the passage of formation pariicles from the subterranean formation into the
welibore during production of fluids from the formation, while at the same time
allowing passage of formation fiuids from the sublerranean formation through
the screen into the welibore.

0001211 As an alternative 10 use of g screen, the sand control method may
use the composiies in accordance with any method in which a pack of
particutate material is tormeg within a wellbore that it s permeapie o Huids
oroduced from a wellbore, such as oil, gas, or water, but that substantially
srevents or reduces proguction of tormation materials, such as formation sand,
trom the formation into the wellbore. Such methods may or may not employ a
gravel pack screen, may oe introguced into a wellbore at pressures pelow, at
or above the fracturing pressure of the formation, such as irac pack, andg/or may
e emploved in conjunchlion with resing such as sand consoiidation resing is 80
desired.

10001221 In agdition 1o hydraulic fracturing and sand control, the composites
defined herein may be used in the corrosion protection of eguipment,
erosion/abrasion resistance of surfaces, chemical reaction delay mechanisms
ang other areas where a protective coating s beneticial. The composite may
also reduce wear in pumping components, such as pump heads, and downhoie
tools, completion tubing and casing, and related hardgware during operations.
0001231 Examples. The following examples describe the preferred
empbodiments of the present disciosure. Unless indicated {¢ the contrary,
percentage in the bExamples refers to weight percent. Other embodiments
within the scope of the ciaims will be apparent to those skilled in the art from
ihe consideration of the specification or practice ¢of the disciosure set forth
nerein. it is intended thal the specitication, together with the exampies, be
considered exemplary only, with the scope and spirii of the disclosure being

indicated by the claims.

0001241 Example 1. To form the coaling, the sand was placed in an agueous
soiution of 0.5% poly{allylamine hydrochioride) and 0.1% sodium chioride. The

soiution was decanted and the sand was rinsed. The sand was then placed in
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an agueogus soliufion of 0.08% poly(sodium siyrene sulionate). The solution
was then decanted and the coated sand was rinsed.

000125] Example 2. To form the coaling, the sand was placed in an agueous
soiution of 0.5% poly{allylamine hydrochioride) and 0.1% sodium chioride. The
soiution was decanted angd the sandg was rinsed. Tthe sand was then placed in
an agueous solution of 0.08% poly(sodium-4-styrene suifonate) and 0.2%
nenionite nanociay. 1he solution was then decanted and the {reated sand was
then placed into an aquecus solution of 0.5% poly(ailviamine hydrochioride)
and 0.1% sodium chiloride. The solution was then gecanted and the coated
sand was rinsed o torm a polyelectrolyle bilayer {tirst polyslectroiyvte bilayer)
on the sand particulaie. A second polyelecirolyte dllayer was turther coaied
onto particulates coated with the first polyelecirolyie bilayer by placing such
coated particulates in an agueous soiution of 0.08% poly{sodium-4-styrene
suifonate) and 0.2% benionite nanociay. The solution was then decanted and
the freated sand was then placed into an aqueocus solution of 0.5%
noly{aliviamine hydrochloride) and 0.1% sodium chioride. This process was
repeated In succession o obtain a particuiate containing 5 and 10
oolyelectrolyte bilayers. tThe composites were then subjected o crush for 2
minutes at 5,550 psi. The resulls are graphically displayed in FiGa. 1. FIG. 1
Hiustrates that crush resistance of the coated particulate was dramaticaily
improved by coating of the parliculate with one or more polyelectrolyte pilayers.
FiG. 1 shows that one polyelecirolyle bilayer reduces fines production by
aimost one haif and {hat ien lavers of poivelectroivie bilayers reduce fines {0
almost one third as compared to uncoated sand.

1000126] Example 3. A self-assembling coating having alternating layers of
positively-charged [poly{dialividimethyiammonium chioride}] and negatively-
charged (sodium poly styrene sulfonate) on frac sand proppant was prepareg
from an agueous-based system. Approximately 1 volume percent of each of the
two water-soluble polymers were combined in distilied waier. About 200 mL of
the resulting agueous solution was then mixed with 250 ¢ of frac sand and

anaken for two minutes. Dunng this shaking the polymers self-assembied info

positive ang negative layers over the surface of the sand grains. When the
agueous solution was then drained from the sang the polymer coating remain

adhered o ingividual grains. The water-polymer solution was shown {0 be
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reusable muifipie times. As a conirol, 250 g of frac sand was also shaken with
200 mi of delonized water which did not contain any polymers put simply rinsed
away dust particles. 1o mimic the rough handiing responsible for producing
dusi during fransport and pumping, multiple 15 gram sampiles of irac sand were
tumbled in a roller drum for three days. Other samples of the sand were left
unrolied for comparison. The ability of the polymer coaling 1o reduce dust was
tesied by measuring the turpidity of water shaken with a Known amount of frac
sand. To iest the dust release, a 15 g sampie of sand was combined with 22
mb of deionized water, shaken one minute, and then aliowed 10 sit undisturbed

for one minute betore measuring wrdidity. The resulls are set forth in {able |

______________________________________________________ fablet
- FAU Turbidity

vand Treatment | Measurements
Rolled, unrinsed sand 231

Rolled, rinsed, uncoated sand | | 88

RHolled,coatedsand 1 3t
Non-rolled, unrinsedsand | 212
Norn-rolled, rinsed, uncoated

sand 66

As illustrated in Table |, unrinsed, uncoated, rolled sand had the highest
turbidity measurement at 231 Formazin Attenuation Units (FAU). | the frac
sand was rinsed once with deionized water pefore roiling, the iurbidily
measurement was reduced to 88 FAU. Frac sand coated with the seii-
assembling polymer layers had a turbidity of only 31 FAU after being rolled tor
three days. As illustrated in FI(5. 2, this was an 87% reduction in dust released
from the coated sand and a 62% reduction versus rinsed, uncoated sand. In
comparison, non-rglied rac sand hag a turpidity of 212 FAU i not ninsed and
66 FAU if rinsed once with deionized water. This corresponds 1o reduction in
dust turbidity by the polymer-coated sand by 85% and 53% versus the non-
rolled sands.

0001271 Example 4. About 1 ib of sang was sprayed with various amounts of
an agueous solution containing 0.5% of poly (dialividimethylammonium
chioride) and 0.4% sodium chioride, and then mixed for 20 minutes prior 1o
drving. The resulting composite particles were then tested for the ability in

progucing 1ess dust than non-ceated particies.  The ability of the polymeric
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coating 1o reduce dust was tested by measuring the turbidity of the samples
pefore and after surface modification. The turbidity lests were performed
accordingly to AP P 60, three daia points were recorded for each sampie
than averaged. ihe resuits are tapulated in Table . The penetits of surface

treating the sand are clearly seen by the reguction in tines up o 80%.

Table i
~ Description/Time moving | Modification | Average | % Dust |
sana Ratio  Turbidity | Heduction |
in mixer to create fines (mL PDDA | (FTU) 5
solution/ Ib.
sand)

100 mesh Unimin sand, as| None et
feceivea
100 mesh Unimin sand/ 20 8.4 & 90
wn ]
100 mesh Unimin  sand/i 8.4 11 82
howrand20min | I R
100 mesh Unimin sand/20 16.8 34 44
TN | |
A40/70Uniminwhitesand | None | 48 & = -
40/70 Unimin white sand/20 9 18 63
min
40/70 Unimin white sand/1 9 23 B2
howrand20min | I B

000128 While the compositions and methods have peen described in terms of
prefterred empodiments, it will be apparent {0 ihose of skill in the art that
variations can be applied 1o the composilions ang/or methods and in the steps
or in the seguence of steps described herein wilthout departing from the
concept, spiril and scope of the disclosure. Moreover, it will De apparent that
certain agents that are chemically related can be subpstituted for the agenis
described hersin while the same or similar results would be achieved. All such
sirmiiar substitutes and moditications apparent 1o those skilleg in the art are
deemed 10 be within the scope and concepl of the disclosure. it is inlended
that the specification be considered exemplary only, with the scope and spirit

ot the disciosure pbeing indicated by the claims which {oliow.
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CLAIMS

1. A method of suppressing the generation of dust from particulales of sang
at a welisite comprising appiving onto al least a portion of the surface of ihe
sand particulales a polyionic maternal in accordance with at least one of (a), (D),
(C), {d) or {e) below:
(&) during excavating of the sand particulates from a sand mine;
(0} during the processing of evacuated sand trom a sand mine;
(C} guring ioading of the sand particulates trom a sand mine onto a transport
venicle or into a storage receplacie;
(d} during transioading of the sand particulates from a transport vehicie {0
another transport vehicie or a storage receptacie,;
(e} during transicading of the sand particulates from a storage receptacie to
a transport vehicle or anoiher storage receptacie;
(1} after the sand parlicuiates are unloaded trom a transport vehicie info one
or more storage receptacies put prior o loading the sand pariicuiates
into a blender at the welisite; and

(0} as the sand particulates are loaded inio a biender at the welisite.

2. The method of claim 1, wherein the polyionic polymer is a polycationic
solymer.
3. The method of claim 2, wherein the polycationic polymer is selected from

the group consisting of:

(&) a polyaliviamine hydrochioride homo- of copolymer, salf or
guaternized derivative, optionally comprising moditier umnts;

(D) a polyethyieneimine, salt or guaternized derivalive thereot;

(C) a polyvinylamineg homo- or copolymer, salt or quaternized
derivative thereof oplionally comprising modifier units;

dy a polylvinyibenzyl-in{(G~Gs alkyDlammonium salt] or 3
guaiernized dernvative thereof;

(e¢) a polymer resulting from a step-wise polymerizalion
(quaternization) reaction between a dihalide and N,N,N,N-tetra(C+—Cs alkyl)-
alkylenediamine;

{f) a poly(vinylpyriding} or poly{vinvipyridinium salt} homo- or
copolymer or a guaiernized derivative thereof;
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() a polymer via ring-forming polymerization of N,N-dialiyl-N,N-

di{ C1-C4 alkyhammonium halide, comprising units of the formula:

gz
A

RGO

N*
/ \ An’
LR,

wherein Hi and Rz are each independently G1—Ca alkyl, in particular methyl, and
AT IS an anion, for example, a halide anion such as the chiorige anion;

(hy & homo- or copolymer of a quaternized di{C1-04 alkyllaminoethyl
acrylate or methacryiate;

{1} a polyaminoamide (PAMAM), a sall or guaternized derivative
thereof: and

{1} mixtures of any of (a) through (i).
4. The method of claim 1, wherein the polyionic matenal is applied onio at
lcast a portion of the surface of the sand particulates guring excavation of the
sand particuiates from the sang mins.
5. The method of claim 4, wherein the sand particulates are excavated from
ihe sand mine py hydroblasting with an agueous media comprising the polvionic
material.
5. The method of claim 1, wherein the polyionic material is appiied onio at
ieast a porition of the surface of the sand particuiates during iransit of the
excavated sand particulates from the sand mine {0 a processing facity.
7. The method of claim 1, wherein the excavated sand particulales are
subjected to washing with a washing tuid comprising the polyionic material.
&, The method of claim 1, wherein the excavailed sand particulales are
suiected 1o washing and are then dried and turther wherein at least a portion
of the surface of the washed sand particulates are treated with the polyionic
material during transter of the washed sand particulaies to a dryer.
9. The method of claim 1, wherein the excavated sand pariiculates are
sized in a sorter and wherein at least a portion of the surface of the excavated
sand particulates are coated wilh the polyionic matenal prior to being introduced

in {he sorter, while in the sorter or after exiting the sorter.
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10.  The method of claim 1, wherein ihe excavated sand pariiculales are
subiected 10 washing and then sized i a sorter and then transterred 10 a
storage iocation and wherein at least a portion of the suriface of the sized sand
particulates are coated with the polyionic material prior to or during transter 1o
the storage location.

11. The method of claim 1, wherein the polyionic material is applied onto at
east a portion of the sand particulates al the sand mine while the sand
narficulates are being transterred onto a transport vehicle or into a siorage
receptacie.

12. The method of claim 1, wherein the polyionic matenal is applied onto at
icast a portion of the sand particulates as the sand particulales are transported
ontc the transpori vehicie or into a siorage recepiacie on a Moving Conveyor.
13.  The method of claim 1, wherein the polvionic material 1s appiied onto at
least a portion of the sang particulates during transioaging of {he sandg
narticulates from a transpori vehicle {0 another fransport vehicle or a storage
receptacie.

14. The method of claim 13, wherein the polyionic material is applied onto
at least a portion of the sand particulates during transicading of the sand
particulates from a first transport vehicle {0 a second transport vehicie.

15, The method of claim 13, wherein the polvionic material is transported
trom the tirst transport vehicle on a conveyor 1o the second transport vehicie
and further wherein the polyionic maternial is applied onto the sand particuiates
on the conveyor.

16. The method of claim 13, wherein the polvionic material is applied onfo
at ieast a portion ¢f the sand particuiates gunng transicading of the sang
particulates from the transport vehicie to the storage receptacie.

17. The method of claim 16, wherein the sand particulales are transporied
from the first transport vehicle on a conveyor 10 the storage receptacie ano
further wherein the polyionic malerial is applied onto the surface of at least a
portion of the sand parliculates on the conveyor.

18. The method of claim 1, wherein the polyionic matenal is applied onto at

least a portion of the sand particulates atter the sang particuiates are untoaded
from a transpori vehicle Into one or more siorage receptacies but prior 1o

uniocading the sand particulates into a diender at the welisite.
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19. The method of claim 18, wherein {he polvionic material is appiied onfo
the sand particuiates as the polvionic material enters the storage receptacie,
20.  The method of claim 19, wherein the storage recepiacie has a spray bar
and further wherein the polyionic maternial is sprayed through the spray par onto
tne surtace of at teast a portion of the sand particulates.

21. The method of claim 18, wherein the sand particuiates are unioaded
from the siorage receptacie onto a conveyor and wherein the polyionic material
IS appiied onto the surface of at least a portion of the sand particulates on the
CONVeyor.

22. The method of claim 21, wherein the conveyor extends underneath the
storage receptacie.

23.  The method of claim 1, wherein the polyionic maierial is appiied onto at
least a portion of the sand particulates as the sand particuiates are loaded into
a blender at the welisite.

24.  The method of claim 21, wherein the sand particulates are fed into the
olender on a conveyor and further wherein the polvionic material is applied onto
the surtace of at ieast a portion of the sand particuiates while the sang
particulates are on the conveyor.

25.  The method of claim 1, wherein the pariicie size of the polyionic material
and the sand particuiates is supstantially the same.

20. The method of claim 25, wherein the particie size of the polvionic
material and the sand particulates is from apout 504 to about 2,000,

27. The method of claim 1, wherein the polvionic material is applied onio at
icast a portion of the particulates of sand througnh a spray nozzie or spray bar.
28.  The method of claim 27, wherein the nozzie trom which the polyionic
maierial is sprayed onio at least a poriion of the parficulates of sand is
stationary.

29.  The method of claim 27, wherein the polyionic matenal is atomized as it
IS pumped through the spray nozzie or spray bar.

30. A method of suppressing the generation of dust from sand at g welisite
comprising transporting particulates of sand from a mine and applying onto at
least a portion of the surface of the sand particuiates a polyionic material
wherein application of the polyionic material onfo the surface of the sand

carticulates occurs after the sand particulates are transported from the mine.
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31.  The method of claim 30, wherein the polvionic material is applied onto
at least a portion of the sang particulates during unioading of the sand
carticulates inio at ieast one storage receptacie.

32.  The method of claim 30, wherein the polyionic material is sprayed onio
ihe surface of at least a portion of the sand particuiates in the storage

receptacie.
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