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(57) ABSTRACT

The technology described herein includes methods and uses
in o1l and gas hydraulic fracking for a quaternary ammonium
organosilane, and particularly AMOSILQ™ quaternary
ammonium organosilane. Uses include coating and treating
filters for use 1n the hydraulic fracking process, premixing in
fracking tluid/water; flowback water treatment and proppant
coating.
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METHODS AND SYSTEMS FOR USE OF
QUATERNARY AMMONIUM
ORGANOSILANES IN OIL AND GAS
HYDRAULIC FRACKING

RELATED APPLICATIONS

[0001] This application claims the benefit of priornity of

U.S. Provisional Patent Application Ser. No. 62/544,301
filed Aug. 11, 2017, mcorporated herein by reference.

BACKGROUND

[0002] Hydraulic fracturing or fracking is the process of
injecting liquid at high pressure into subterranean rocks,
boreholes to force open existing fissures and extract o1l or
gas. Hydraulic fracturing, as the term implies, involves
water, at the front end with fracking fluid, a water-based
chemical solution injected into shale, and at the back end
where there 1s flowback water and produced water. Fracking,
fluid 1s a chemical mixture used 1n dnlling operations to
increase the quantity of hydrocarbons that can be extracted.

[0003] Drilling mud may be defined as a drilling fluid used
in drilling engineering. The drilling mud may be composed
of o1l as the continuous phase and water as the dispersed
phase 1n conjunction with emulsifiers, wetting agents and
gellants. The o1l base can be diesel, kerosene, fuel o1il,
selected crude o1l or mineral o1l. Drilling mud can also refer
to the hole/well or mud from the drilling hole. Slick water
or slick water fracturing, 1s a method or system of fracking

which mvolves adding chemicals to water to increase the
fluid tlow.

[0004] Flowback water, or backilow water, 1s the murky,
salty water from fracking natural gas wells. Flowback water
includes fracking tluid which returns to the surface, known
as the fracking load recovery, as well as produced water.
This water contains clay, dirt, metals, chemicals and even
the o1l based additives. Flowback water may be character-
1zed as having high salinity and total dissolved solids (TDS).
It 1s laden with the same fracking chemicals that were
pumped into the well, in addition to any unique contami-
nants that are present in the rock formation water deep
below. In addition to natural salinity of water 1n the forma-
tion, any fresh water that 1s forced down a well, when 1t 1s
fracked, will tend to dissolve salts in the formation thus
giving the recovered water very high salinity.

[0005] The returning fluid 1s generally collected in metal
tanks or else open pools, lagoons or pits lined with one or
more layers of plastic. These receptacles may be pumped
dry, and water 1s usually either recycled for fracking addi-
tional wells or else trucked off site to a waste water disposal
tacility. Containment pits, or open-air ponds that are lined
with plastic, can become points of failure. Occasionally,
liners get cracked or damaged. Contaminated fluids can then
leach into ground water.

[0006] When fracking 1s performed, biocides such as
glutaraldehyde may be added to the high-pressure water that
1s used. Such biocides are used as a preventive against
bacteria and microbes that produce hydrogen sulfide, which
can corrode pipelines and damage equipment. Bacteria may
cause bio-clogging and inhibit gas extraction, produce toxic
hydrogen sulfide, and induce corrosion leading equipment
tailure. In many instances, the use of stainless steel pipes 1s
implemented to protect against the hydrogen sulfide pro-
duced by microbes/bacteria.
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[0007] The use of biocides, such as glutaraldehyde com-
pounds, can have negative implications, such as mnadvertent
releases ito the environment on ecosystem and human
health. For example, uncharged species can dominate 1n the
aqueous phase and be subject to degradation and transport
whereas charged species will sorb to soils and be less
bioavailable. Biocides may transform into more toxic or
persistent compounds. Currently there 1s limited understand-
ing as to biocides’ long term eflects under downhole con-
ditions, such as high pressure, temperature, and salt and
organic matter concentrations. Biocides alternatives may be
costly, have high energy demands, and/or are not as eflec-
tive.

[0008] Proppants are a key components in fracking. A
proppant may be a solid material, typically sand, treated
sand, or man-made ceramic materials, designed to keep an
induced hydraulic fracture open, during or following a
fracturing treatment. Sand may degrade from corrosion due
to bacteria and microbes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The detailed description 1s described with refer-
ence to accompanying FIGURES. In the FIGURES, the

left-most digit(s) of a reference number identifies the FIG-
URE 1n which the reference number first appears. The same
numbers are used throughout the drawings to reference like
features and components.

[0010] FIG. 1 1s an example system for treatment of
hydrofracturing tlowback water for reuse.

DETAILED DESCRIPTION

[0011] Described herein are uses, systems and methods for
the use of a quaternary ammonium organosilanes 1n hydrau-
lic fracturing or fracking. In certain implementations, for
example, octadecyldimethyl (3-trihydroxypropyl) ammo-
nium chloride, or the AMOSILQ™ *“quaternary ammonium
organosilane” 1s used. It 1s to be understood that other
molecular compounds of quaternary ammonium organosi-
lanes may be used. In particular, quaternary ammonium
compounds that are silated or in the silane group. Such
silated quaternary ammomum compounds, and 1n particu-
larly quaternary ammonium organosilane molecules are in a
monomer form, and have linkers to allow binding and
polymerization to surfaces such as fracking equipment and
proppants. Furthermore, quaternary ammonium organosi-
lanes have a property that creates a covalent bond with
surfaces that aligns quaternary ammonium organosilane
molecules to effectively kill bacteria and microbes. In effect,
forming a very robust surface barrier against bacteria and
microbes.

[0012] Environmental eflects evident with current bio-
cides, include biocides leaching into and negatively aflect-
ing the environment. Quaternary ammonium organosilanes
that are polymerized with surfaces, sloths over time into
safer organic constituents into the environment. Further-
more, 1t may be more cost eflicient using quaternary ammo-
nium organosilanes 1n place of certain biocides.

[0013] Quaternary ammonium organosilanes may also be
used to strengthen proppants. Sand can degrade from cor-
rosion caused by bacteria and microbes. Unlike other bio-
cides, quaternary ammonium organosilane binds with prop-
pants such as sand to kill bacteria and microbes. This
cllectively prolongs the useful life of the proppant, and
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creates a static antimicrobial component. Since sand 1s
porous, the quaternary ammonium organosilane molecules
are able to soak into sand. As the proppant breaks down,
quaternary ammonium organosilane molecules continue to
provide antimicrobial ethicacy. Quaternary ammonium
organosilanes can have a longer eflicacy than biocides.

[0014] Quaternary ammonium organosilanes, for example
AMOSILQ" quaternary ammonium organosilane, may be
used throughout the fracking process, at different phases.
For example adding quaternary ammonium organosilanes
into fracking fluid, including static water and slick water,
adding into flow back water, coating proppants, etc. Qua-
ternary ammonium organosilanes may be also used to coat
proppants, such as solids, sand, treated sand, ceramics, eftc.
Quaternary ammonium organosilanes may be used to
replace and eliminate certain chemicals, such as biocides
that are used as preemptive measures against bacteria and
microbes.

[0015] The use of quaternary ammonium organosilanes 1n
the fracking process may result in the reduction of water
used to flush biocides and corrosive bacteria; reduction of
energy use associated with water usage; reduction/elimina-
tion of toxic biocide usage; and environmental benefits in
reducing/eliminating toxic biocides, reduced water use and
ellicient fracking.

Quaternary Ammonium Organosilanes 1 Fracking
Fluid/ Water
[0016] Quaternary ammonium organosilanes may be

mixed 1 with fracking fluid or water. An appropriate con-
centration 1s determined to prevent film forming that can
hinder fracking process. This concentration may approxi-
mately be 5 percent stabilized in water. Feasible concentra-
tions may range irom one percent to 50 percent soluble in
water. In replacing biocides, advantages can include an
increase microorgamism kill rate over current biocides,
enhanced biofilm prevention, prolonged kill rate through
lifespan of drilling mud/hole. The quaternary ammonium
organosilanes have the ability to attach to constituents.
Quaternary ammonium organosilanes are stable with mini-
mum 1mpact to drilling in mud component functionality.
Quaternary ammonium organosilanes are stable 1n extreme
fracking environments, such as heat and pressure. Quater-
nary ammonium organosilanes are stable in 1in monomer and
bound (polymerized) forms. A quaternary ammonium
organosilane molecule 1s a monomer, and will polymerize
with contact on substrates and surfaces. A quaternary ammo-
nium organosilanes mixed 1n with fracking tluid can polym-
erize with different substrates and surfaces. Quaternary
ammonium organosilanes can coat equipment, pipes, casing,
etc., providing microbial kill, biofilm prevention. Quater-
nary ammonium organosilanes can have increased disinfec-
tant rates 1 pressure and temperature over biocides. In
addition, AMOSILQ™ quaternary ammonium organosilane
1s rated by the EPA as chemical/category 4.

Quaternary Ammonium Organosilane as Coating

[0017] As described above, a quaternary ammonium
organosilane in solution, such a fracking fluid, 1s a monomer,
and can polymerize with coatings and surfaces, such as those
on fracking equipment. Benefits include the ability to use
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less expensive material that 1s more susceptible to corrosion,
such as the use of carbonated steel 1in place of stainless steel
for pipes.

[0018] Quaternary ammonium organosilane in a fluid, can
be an indirect method of coating such equipment. Direct
methods may also be implemented 1n coating equipment
with quaternary ammonium organosilane. The use of qua-
ternary ammonium organosilane as coating for equipment
can lead to more ethicient microbial kill and biofilm preven-
tion.

Quaternary Ammonium Organosilane 1n Water Treatment

[0019] The use of quaternary ammonium organosilanes
may be used 1n coating water purification systems, such as
systems that treat flowback water. Such use can lead to more
cllicient microbial kill and biofilm prevention. Quaternary
ammonium organosilane 1n solution can be used 1n static
water, fracking fluid/water, and flowback water. Quaternary
ammonium organosilanes may be used in high pressure
situations, including static systems. High pressure can
involve 1000 gallons per minute or 100 psi. Quaternary
ammonium organosilanes may be added and used 1n frack-
ing tanks before and after the fracking process(es). Fracking
tanks may harbor harmiul bacteria and microbes. Such
fracking tanks may be portable and transportable on trucks.
Such tanks may be 1000 lbs and have four chambers. Water
lines 1n water purification systems, including those to water
tanks, may be approximately eight inches in diameter. In
certain implementations, different gravel/meshes are used 1n
fracking tanks. The gravel/meshes can be treated with qua-
ternary ammonium organosilane to kill microbes and bac-
terta. Such quaternary ammonium organosilane based
gravel/meshes can replace current foam meshes that have a
more limited use.

[0020] FIG. 1 shows a system 100 for treatment of
hydrofracturing flowback water for reuse. Water 1s a major
component 1n hydraulic fracking, and 1s a scarce resource.
Considering the relatively large amount of water that is
needed 1n hydraulic fracking, transportation costs are sig-
nificant. Therefore, there 1s a great interest in eflicient use of
water, such as reuse 1n hydraulic fracking.

[0021] A major problem with water recycling or reuse
process 1s bacterial and microbial populations that come
back with the flowback water. The storage time the water sits
in earthen pits also proliferates high bacterial populations.
Flowback water can contain a type of bacteria called an SRB
(Sulfate reducing bacteria). This bacteria basically reduces
sulfate to hydrogen sulfide. Hydrogen sulfide on 1ts own can
be very dangerous, and can turn the flowback water to
sulfuric acid. The MIC (microbial induced corrosion) causes
billions of dollars 1n damage to equipment every vyear.
Therefore, biocides are typically used 1n oil-water separation
units, water storage tanks, and pipelines used to transport
fluids. However, as discussed, biocides can have negative
ellects. As discussed, quaternary ammonium organosilane
coatings may be used to help reduce the impact of corrosion
and scale within the hydrofracturing equipment and piping.

[0022] Now 1n reference to FIG. 1, in a first stage, large
blocks coated with quaternary ammonium organosilane
material, such as WaterQore™ are anchored down into
flowback reservoirs to start the job of disinfecting bacteria.
The system 100 may make use low powered driven (e.g.,
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solar powered) larger PPI (pores per inch) reticulated mesh
“paddles” that would slowly turn and agitate possibly
increasing disinfection time.

[0023] In a second stage, a sand filtration system can be
used. Water tanks can be filled with quaternary ammonium
organosilane coated sand at different mesh sizes. There 1s
also a possibility of using diflerent materials to treat the total
dissolved solids and heavy metal content 1n the primary
filtration stage. This high pressure step can also address
high-pressure wastewater and drinking water applications
using a combination of sand and cartridge systems.

[0024] With these two systems we could eliminate bacte-
ria from flowback water providing an inexpensive and
cllicient way to reuse tlowback water with much less envi-
ronmental 1mpact. The systems could also be used to treat
topside fracking water before use, 1n transport vehicles, and
storage tanks to disinfect the water before use to improve
elliciency and production.

Quaternary Ammonium Organosilane 1in Proppants

[0025] As discussed above, quaternary ammonium
organosilanes may be used for proppants 1n the fracking
process. Quaternary ammonium organosilane coated prop-
pants can provide static cleaning without pressurization.
Quaternary ammonium organosilanes dry on their own.
[0026] As discussed, quaternary ammonium organosilanes
can strengthen proppants. For example, sand can degrade
from corrosion caused by bacteria and microbes. Unlike
other biocides, quaternary ammonium organosilane binds
with proppants such as sand to kill bacteria and microbes,
and eflectively prolongs the useful life of the proppant, and
creates a static antimicrobial component. Since sand 1s
porous, the quaternary ammonium organosilane molecules
are able to soak 1nto the sand. As the proppant or sand breaks
down, quaternary ammonium organosilane molecules con-
tinue to provide antimicrobial eflicacy. Quaternary ammo-
nium organosilanes can have a longer etlicacy than biocides.
[0027] In certain implementations, the proppants may
already be placed downhole 1n shale 1n the fracking process.
Coating of such proppants with quaternary ammonium
organosilanes may be performed using what 1s commonly
referred to 1n the industry as a “frack pack.” In such cases,
for example, a line may be used to directly apply concen-
trated quaternary ammonium organosilanes to proppants
that are 1n place (i.e., 1n the shale).
What 1s claimed 1s:
1. A system of reusing water in a hydraulic fracking
process comprising:
coating filters that receive water from the hydraulic frack-
ing process with a quaternary ammonium organosilane;
and
recirculating water that 1s filtered for use 1n the hydraulic
fracking process.
2. The system of claim 1, wherein the filters are part of a
tank or tanks for storing hydraulic fracking water.
3. A method of using a quaternary ammonium organosi-
lane 1n a hydraulic fracking process comprising:
combining the organosilane quaternary ammonium with
fracking fluid 1n solution; and
introducing the solution into a fracking well.
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4. The method of claim 3, wherein the quaternary ammo-
nium organosilane 1s five percent soluble in water.

5. The method of claim 3, wherein the quaternary ammo-
nium organosilane 1s one to 50 percent soluble in water.

6. The method of claim 3, wherein the percentage of

quaternary ammonium organosilane 1s determined based on
possible biofilm buildup on fracking equipment.

7. The method of claim 3, wherein the fracking fluid 1s
drilling mud.

8. The method of claim 3 further comprising coating
fracking equipment and constituents in the hydraulic frack-
ing process with the quaternary ammonium organosilane in
the solution.

9. A method of using a quaternary ammonium organosi-
lane 1n a hydraulic fracking process comprising:

directly coating hydraulic fracking equipment and com-
ponents with the quaternary ammonium organosilane.

10. A method of using a quaternary ammonium organosi-
lane 1n a hydraulic fracking process comprising:

mixing the quaternary ammonium organosilane in water
treatment tanks.

11. A system of reusing water 1 a hydraulic fracking
process comprising:
placing solid quaternary ammonium organosilane mate-
rial 1n reservoirs of reuse hydraulic fracking water to
disinfect the reuse hydraulic fracking water of bacteria
and microbes.

12. The system of claam 11 further comprising mesh
paddles coated with quaternary ammonium organosilane
that are agitated and turned, wherein the reuse hydraulic
fracking water passes through the mesh paddles.

13. A system of reusing water in a hydraulic fracking

process comprising:
adding a quaternary ammonium organosilane coated sand
in 1n reservolrs of reuse hydraulic fracking water to

disinfect the reuse hydraulic fracking water of bacteria
and microbes.

14. The system of claim 13, wherein the coated sand 1s of
different mesh sizes.

15. The system of claim 13 further comprising using and
coating materials other than sand.

16. A system of reusing water in a hydraulic fracking
process comprised of the system of claim 9 and system of
claim 13.

17. A method of using a quaternary ammonium organosi-
lane 1n a hydraulic fracking process comprising:

coating proppants used in the hydraulic fracking process
with quaternary ammonium organosilane.

18. The method of claam 17, wherein the coating 1s
through an aqueous solution that 1s introduced 1n the frack-
Ing Process.

19. The method of claim 17, wherein the coating 1s
performed on the proppants before use in the fracking
pProcess.

20. The method of claim 17, wherein the coating 1s
performed when the proppants are 1n place for the fracking
process.
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