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APPARATUS FOR MAKING A SOLUTION, AND RELATED METHODS

RELATED APPLICATIONS

The present Application claims the benefit of provisional Applications

having serial number 62/186,735, filed on June 30, 2015, which provisional
Application is incorporated herein by reference in its entirety.
FIELD

The present disclosure involves apparatuses for making a solution (e.g., a

brine solution), and related methods for making said solution.
BACKGROUND

Apparatuses for making solutions are known. See, e.g., U.S. Patent Nos.
5,332,312 (Evanson); 5,335,690 (Worth); 5,419,355 (Brennan et al.); 5,819,776
(Kephart); 6,439,252 (Kephart); 6,451,270 (Killian et al.); 7,186,390 (Hellbusch et
al.); and 8,870,444 (Hildreth).

SUMMARY
Embodiments of the present disclosure include an apparatus for making a
solution, the apparatus includes:

(a) a hopper including:
(i) at least one side wall;
(ii) a bottom;
(iii) a top;
(iv) at least one overflow weir;

(v) a first liquid inlet positioned within the at least one side

wall; and

(vi) at least one nozzle assembly positioned inside the lower
half of the hopper and coupled to the first liquid inlet, wherein the at least
one nozzle assembly includes a manifold having at least two nozzles spaced
apart, wherein each nozzle has one or more nozzle outlets that are directed
away from the bottom of the hopper and/or one or more nozzle outlets that

are directed toward the bottom of the hopper;
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(b) aliquid holding tank positioned proximal to the hopper so that
liquid in the overflow weir can flow into the liquid holding tank, wherein the

liquid holding tank includes:
(i) at least one side wall;
(ii) a bottom; and

(iii) at least one liquid outlet positioned within the at least one

side wall; and

(c) a pump system physically coupled to the first liquid inlet
positioned in the hopper and the at least one liquid outlet positioned in the
liquid holding tank, wherein the pump system is configured to pump liquid
from the liquid holding tank into the hopper.

Embodiments of the present disclosure also include a method of making a

brine solution including:

(a) providing an amount of salt in a hopper;

(b) providing an amount of water in the hopper so that the water dissolves at
least a portion of the salt to form a brine solution and fills the hopper to a
level so that the brine solution can flow through a hopper overflow weir into
a liquid holding tank positioned proximal to the hopper and fills the liquid
holding tank, wherein the amount of water is provided from a source other

than the holding tank;

(c) recirculating at least a portion of the brine solution through a recirculation

line from the liquid holding tank into the hopper;

(d) determining a concentration value of the brine solution in the

recirculation line; and

(e) continuously recirculating at least a portion of the brine solution through

the recirculation line via a pump system from the liquid holding tank into the
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hopper until a target concentration value of the brine solution in the

recirculation is measured.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows a perspective view of an exemplary embodiment of an
apparatus according to the present disclosure;

FIG. 1B shows a close up side view of the apparatus shown in FIG. 1A;

FIG. 1C shows the hopper of the apparatus shown in FIG. 1A with the liquid
holding tank and pump system removed;

FIG. 1D shows a front view of the liquid holding tank of the apparatus
shown in FIG. 1A with the hopper and pump system removed; and

FIG. 1E shows an interior view of the hopper shown in FIG. 1A illustrating
the centrally located nozzle assembly therein.

DETAILED DESCRIPTION

FIG. 1A shows an apparatus 100 for making a solution (e.g., a brine
solution). Apparatus 100 includes a hopper 110, a liquid tank 150, and a pump
system 199. As shown, hopper 110 has a rectangular-shaped footprint and is
supported on four legs 111. As shown, hopper 110 includes a first side wall 112, a
second side wall 114, a third side wall 116, a fourth side wall 118, a bottom 120, and
an open top 139. The first side wall 112 is opposite the fourth side wall 118 and the
first side wall 112 is adjacent to and between the second side wall 114 and the third
side wall 116. As shown, a first liquid inlet 113 is positioned within the first side
wall 112, a second liquid inlet 115 is positioned within the second side wall 114, and
a third liquid inlet 117 is positioned within the third side wall 116. The second 115
and third 117 liquid inlets are in fluid communication with a source of water (not
shown) that is independent from the apparatus 100. As shown, water line 125 is
connected to the water source (not shown) and fitting 140 to feed inlet 117. Fitting
140 is also connected to hose 124 to feed inlet 115. Hopper 110 also includes
overflow weirs 130 and 132 having openings that are rectangular in shape.
Overflow weirs having a rectangular shape can allow the weirs to be positioned at a
point in hopper 110 to permit a desired volume of hopper 110 to be utilized while

providing a desired volumetric flow through the weirs. For example, the width of
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weirs 130 and 132 can be increased or decreased to change the volumetric flow
without changing their vertical position in the hopper 110. Also, the number of such
weirs could be increased or decreased as desired to change the volumetric flow. As
shown, weirs 130 and 132 are positioned proximal to the top of hopper 110 so as to
utilize as much of the hopper volume 110 as possible for mixing salt, water, and
recirculated brine solution. Feed inlets 115 and 117 can have valves (e.g., shut off
valves) and/or nozzles (not shown) as desired.

As shown in FIG. 1C, the bottom 120 of hopper 110 is angled downward
from each of the side walls 114 and 116 toward the central portion of side walls 112
and 118. In more detail, the bottom 120 includes an angled bottom portion 121 and
an angled bottom portion 122 that each end at the flat landing portion 123 in the
middle of the bottom 120. As shown, the second 115 and third 117 liquid inlets are
positioned in the second side wall 114 and third side wall 116, respectively, at a
location above and proximal to bottom 120 so that the water source can be dispensed
into tank 150 and flow down angled portions 122 and 121, respectively, to help
clean out dirt and sludge (not shown) on the bottom 120 of hopper 110 and out of
hopper 110 when cleanout valve 136 is open.

As shown, hopper 110 has an open top 139, which can receive a solute in
solid form such as salt, e.g., from a front end loader (not shown).

Optionally, hopper 110 can include a spill deflector 134 that can help contain
solid (solute) material that is loaded into hopper 110 such as salt and/or contain
liquid material from splashing out of hopper 110 as additional solid material is
loaded into hopper 110. As shown, spill deflector is made out of metal and is on
three sides of hopper 110 so that there is there is easy access to hopper 110 from the
back side (side wall 118) so that material such as salt can be loaded into hopper 110.

As shown in FIG. 1C, hopper 110 includes a cleanout valve 136 that can be
controlled by cleanout handle 137.

Hopper 110 can be made out of a variety of materials such as fiberglass.

FIG. 1E shows a first interior view of a portion of the hopper 110 shown in
FIG. 1A illustrating the nozzle assembly 300 positioned therein. Nozzle assembly
300 is coupled to the first liquid inlet 113. As shown, nozzle assembly 300 includes

a manifold 310 (e.g., a linear tube) having a linear array of three nozzles 311, 312,
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and 313. As shown, each nozzle 311, 312, and 315 has multiple outlets 315. In
some embodiments, each nozzle can be spaced at least 5 inches apart (e.g., in the
range from 5 to 16 inches). As shown, nozzle 311 is spaced apart from nozzle 312
about 12 inches and nozzle 312 is spaced apart from nozzle 313 about 12 inches.
Outlets 315 can be directed away from the bottom 120 of hopper 110. As shown,
outlets 315 are directed (oriented) toward the top of hopper 110 so as to dispense
recirculated brine solution toward the top of hopper 110 to help mix the solid salt
and water as well as the brine that is recirculated from liquid holding tank 150. As
shown, the nozzle assembly 300 is positioned proximal to the bottom 120 of the
hopper 110 and is centrally located in the side wall 112. As shown, nozzle 311 is
positioned proximal to angled bottom portion 121; nozzle 313 is positioned
proximal to angled bottom portion 122; and nozzle 312 is positioned proximal to flat
landing portion 123 in the middle of the bottom 120.

Alternatively, one or more outlets 315 could be angled toward the bottom
120 of hopper 110.

Optionally, in some embodiments, at least a portion of one or more interior
surfaces of hopper 110 can include a coating and/or other materials to help protect
the interior surfaces of the hopper 110 from undue wear. For example, the inside
surface of one or more of the first side wall 112, the second side wall 114, the third
side wall 116, the fourth side wall 118, and the bottom 120 can wear to an undue
degree due to solid particles such as salt and/or dirt swirling around, especially due
to the mixing action provided by nozzle assembly 300. Exemplary protective
coatings include fluoropolymer coatings, epoxy coatings, and/or fluorinated
propylene ethylene coatings. One or more interior surfaces of the hopper can be
protected by attaching a wear plate such as a stainless steel plate (e.g., 1/8-3/16 inch
thick plate) to at least a portion of one or more interior surfaces of the hopper 110.
For example, especially in embodiments having one or more outlets 315 angled
toward the bottom 120 of hopper 110, a stainless steel plate could be attached to the
inside bottom 120 of hopper 110 to help protect the fiberglass bottom 120 from
undue wear caused by salt and/or dirt being agitated by liquid flow from outlets 313.

Liquid holding tank 150 is positioned proximal to the hopper 110 so that

liquid in the overflow weirs 130 and 132 can flow into the tank 150. As shown, tank
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150 includes a first side wall 151, a second side wall 152, a third side wall 153, a
fourth side wall 154, a bottom 155, and an open top 159. As shown, a liquid outlet
157 is positioned within the fourth side wall 154. Altematively, liquid outlet 157
could be positioned within the first side wall 151, second side wall 152, or third side
wall 153. As shown in FIG. 1A, liquid holding tank 150 can optionally include a
valve/opening 161 to be used as an additional clean out port and/or to be connected
to a source of fresh water that can be delivered to liquid hold tank 150 to help adjust
the concentration of the solute in the liquid that is present in the holding tank 150.

FIG. 1D shows a front view of the liquid holding tank 150 of the apparatus
shown in FIG. 1A with the hopper 110 and pump system 199 removed. As shown in
FIG. 1D, tank 150 includes three feet 162 to support tank 150 off of the ground so as
to form two fork lift pockets 160 so that a fork lift can insert lifting forks into the
pockets 160 and lift tank 150 if desired. Also, in the embodiment shown in FIG. 1D,
the height of the sidewalls of the feet 162 decreases in a direction from first side
wall 151 toward fourth side wall 154 so that as the liquid holding tank rests on a
level surface, the bottom 155 is an angle so as to cause liquid to flow toward liquid
outlet 157 due to gravity and facilitate cleaning out residual solids that may be
present in in liquid holding tank 150 after a period of use.

As shown in FIG. 1B, the discharge side of the pump system 199 is
physically coupled to the first liquid inlet 113 positioned in the hopper 110 and the
liquid outlet 157 positioned in the liquid holding tank 150. The pump system 199 is
configured to pump liquid from the liquid holding tank 150 into the hopper 110. As
shown, pump system includes a pump 200. Pump 200 is physically coupled to
motor 202 and pump 200 has an outlet (discharge) 206 and pump inlet (suction) 204.
As shown in FIG. 1A, the motor 202 and pump 200 are mounted to a fiberglass grate
240 that is positioned on the side of tank 150 and anchored to the ground.
Alternatively, grate 240 could be positioned on the opposite side of tank 150. Motor
202 has a power cord 241 that is connected to a power source (not shown). In some
embodiments, the power source is housed in a control panel (not shown). As shown,
the pump outlet 206 is connected to a conductivity sensor 208 that can determine a
concentration value (e.g., of brine) as solution is recirculated from tank 150 to

hopper 110. Alternatively, conductivity sensor 208 could be coupled to the suction

PCT/US2016/039840
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side of pump 200. Check valve 216 is coupled to the conductivity sensor 208 and
can keep liquid (e.g., brine solution) in the hopper 110 from flowing back into pump
200 and liquid holding tank 150 when pump 200 is not in operation. Connected to
check valve 216 is a three-way valve 212. Valve 212 can divert liquid that is being
pumped to either hopper 110 (e.g., during brine production) or to another destination
(e.g., storage, a transportation truck, or the like after a target brine concentration has
been reached). Connected to valve 212 is a y-strainer 214 to help mechanically
remove solids from liquid. Y-strainer 212 can be connected to a destination (not
shown) after a target brine concentration has been reached. Also connected to valve
212 is a hose 225 that connects valve 212 to first liquid inlet 113 in hopper 110 so
that liquid can be recycled to hopper 110 from tank 150. Hose 230 connects liquid
outlet 157 in tank 150 to pump inlet 204.

As shown, pump system 199 is located on the side of tank 150.
Alternatively, pump system can be located at other locations depending on the
power source for motor 202 and as long as liquid can properly flow from weirs 130
and 132 into tank 150.

Apparatus 100 can be operatively connected to a control system (not shown)
to facilitate making a solution such as a brine solution. In some embodiments, a
control system can include a control panel that houses, ¢.g., one or more of a main
power disconnect, an emergency-stop button, manual start/stop controls, a
conductivity analyzer controller (e.g., to determine brine concentration), and the
like.

In some embodiments, apparatus 100 can be operated in a batch mode to
mabke a solution. For illustration purposes, an exemplary method of making a brine

solution with apparatus according to a batch mode will be described herein below.

An amount of salt can be provided in hopper 110 (e.g., to slightly below the
top of hopper 110) with a front-end loader. Either before, during, or after the salt is
loaded into hopper 110, an amount of fresh water can be provided in the hopper 110
via hoses 124 and 125, second liquid inlet 115, and third liquid inlet 117 from a
source (not shown) external to apparatus 100 (not from the holding tank 150) so that
the water can dissolve at least a portion of the salt to form a brine solution and fill

the hopper to a level so that the brine solution can flow through hopper overflow
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weirs 130 and 132 and into liquid holding tank 150 positioned proximal to the
hopper 110. An example of an external source of fresh water includes tap water. In
some embodiments, tap water has salinity of less than 1000 ppm, less than 500
ppm, or even less than 200 ppm. Also, the holding tank 150 contains substantially
no liquid when the hopper 110 is initially filled with water until the liquid in the
hopper 110 overflows through the weirs 130 and 132 into the holding tank 150. By
adding fresh water to the hopper 110 first instead of filling the holding tank 150 first
and then recirculating the water into an empty hopper 110, the target brine
concentration can be achieved much quicker. When there is enough brine solution in
holding tank 150 (e.g., at least one-quarter to being full), the brine solution in tank
150 can be recirculated through a recirculation lines 225 and 230 from the liquid
holding tank 150 into the hopper 110. In one embodiment, when the brine solution
in tank 150 fills at least 5 inches deep, the brine solution in tank 150 can be
recirculated through a recirculation lines 225 and 230 from the liquid holding tank
150 into the hopper 110.

When the liquid holding tank 150 is filled, the water through hose 125 can be
stopped to prevent overflowing in hopper 110 or tank 150. Stopping the flow of
water through 125 also stops the flow of water through hose 124. Then, the brine
solution can be continuously recirculated through the recirculation lines 225 and 230
from the liquid holding tank 150 into the hopper 110 until a target concentration
value of the brine solution (e.g., about 22-25%) is measured by the conductivity
sensor 208 and the amount of brine in tank 150 is at a desired level. In some
embodiments, the target brine concentration is 15,000 ppm or more; 20,000 ppm or
more, or even 25,000 ppm or more. That is, the conductivity of the brine solution is
correlated to the concentration of the brine. Additional amounts of salt can be added
to hopper 110 if needed to achieve a desired concentration of the brine solution.

When a batch of brine solution having the desired concentration (i.e., target
concentration) is measured by sensor 208, an alarm can notify an operator to
manually shut off motor 202 and stop pump 200 or a control system (e.g,. a control
panel) can be electrically coupled to pump system 199 and can be configured to
automatically shut off motor 202 and stop pump 200 sot that brine solution stops

recirculating through the recirculation line 225 and 230.
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To transfer brine solution from tank 150 to a storage tank or transportation
vehicle (not shown), three-way valve 212 can be adjusted to divert brine solution
from tank 150 through y-strainer 214, hose (not shown), and into the storage tank or

transportation vehicle.
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WHAT IS CLAIMED IS:
1. An apparatus for making a solution, the apparatus comprises:
(a) a hopper comprising:
(i) at least one side wall;
5 (ii) a bottom;
(iii) a top;
(iv) at least one overflow weir;

(v) a first liquid inlet positioned within the at least one side

wall; and

10 (vi) at least one nozzle assembly positioned inside the lower
half of the hopper and coupled to the first liquid inlet, wherein the at least
one nozzle assembly comprises a manifold having at least two nozzles
spaced apart, wherein each nozzle has one or more nozzle outlets that are
directed away from the bottom of the hopper and/or one or more nozzle

15 outlets that are directed toward the bottom of the hopper;

(b) a liquid holding tank positioned proximal to the hopper so that
liquid in the overflow weir can flow into the liquid holding tank, wherein the

liquid holding tank comprises:
(i) at least one side wall;
20 (ii) a bottom; and

(iii) at least one liquid outlet positioned within the at least one

side wall; and

(c) a pump system physically coupled to the first liquid inlet
positioned in the hopper and the at least one liquid outlet positioned in the
25 liquid holding tank, wherein the pump system is configured to pump liquid
from the liquid holding tank into the hopper.

10
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2. The apparatus of claim 1, wherein the manifold comprises a linear array of at
least three nozzles and each nozzle comprises at least three nozzle outlets directed

away from the bottom of the hopper.

3. The apparatus of claim 2, wherein the nozzle outlets are directed toward the

top of the hopper.

4. The apparatus of claim 1, wherein the least one nozzle assembly is positioned

proximal to the bottom of the hopper and is centrally located in the side wall.
5. The apparatus of claim 1, where each nozzle is spaced at least 5 inches apart.

6. The apparatus of claim 1, wherein the hopper comprises a first side wall, a
second side wall, a third side wall, and a fourth side wall, wherein the first side wall
is opposite the fourth side wall and the first side wall is adjacent to and between the
second side wall and the third side wall, wherein the first liquid inlet is positioned
within the first side wall, wherein the hopper further comprises a second liquid inlet
positioned within the second side wall and a third liquid inlet positioned within the
third side wall, and wherein the second and third liquid inlets are physically coupled

to a source of water via piping that is independent from the pump system.

7. The apparatus of claim 6, wherein the least one nozzle assembly is positioned

proximal to the bottom of the hopper and is centrally located in the first side wall.

8. The apparatus of claim 7, wherein the manifold comprises a linear tube
coupled to at least three nozzles, wherein each nozzle comprises at least three
nozzle outlets that are oriented to dispense liquid in a direction toward the top of the

hopper.

9. The apparatus of claim 7, wherein adjacent nozzles are spaced apart from each

other a distance in the range from 5 inches to 16 inches.

10. The apparatus of claim 1, wherein the hopper comprises two overflow weirs.

11
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11. The apparatus of claim 10, wherein the two overflow weirs are positioned in

the first side wall.

12. The apparatus of claim 10, wherein the two overflow weirs each have a

rectangular-shaped opening.

13. The apparatus of claim 10, wherein the two overflow weirs are positioned

proximal to the top of the hopper.

14. The apparatus of claim 1, wherein the pump system further comprises a
conductivity sensor coupled to the suction side or the discharge side of a pump,
wherein the conductivity sensor is configured to measure the concentration of a

solution.

15. The apparatus of claim 1, wherein the pump system is electrically coupled to
a control system that is configured to control the concentration of the solution in the

liquid holding tank.

16. The apparatus of claim 1, wherein at least a portion of one or more interior
surfaces of the at least one side wall and/or bottom of the hopper comprise a coating
selected from the group consisting of a fluoropolymer coating, an epoxy coating, a

fluorinated propylene ethylene coating, and combinations thereof.
17. A method of making a brine solution comprising:
(b) providing an amount of salt in a hopper;

(b) providing an amount of water in the hopper so that the water dissolves at
least a portion of the salt to form a brine solution and fills the hopper to a
level so that the brine solution can flow through a hopper overflow weir into
a liquid holding tank positioned proximal to the hopper and fills the liquid
holding tank, wherein the amount of water is provided from a source other

than the holding tank;

(c) recirculating at least a portion of the brine solution through a recirculation

line from the liquid holding tank into the hopper;

12
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(d) determining a concentration value of the brine solution in the

recirculation line; and

(e) continuously recirculating at least a portion of the brine solution through
the recirculation line via a pump system from the liquid holding tank into the
hopper until a target concentration value of the brine solution in the

recirculation is measured.

18. The method of claim 17, wherein the amount of water in step (b) is

provided from city tap water.

19. The method of claim 17, wherein the holding tank contains substantially
no liquid at the beginning of step (b).

20. The method of claim 17, wherein determining a concentration value

comprises measuring the conductivity of the brine solution.

21. The method of claim 17, further comprising using a control system to
automatically determine when the brine solution in the recirculation line has the

target concentration value.

22. The method of claim 21, wherein the control system automatically stops
recirculating brine solution through the recirculation line when the brine solution in

the recirculation line has the target concentration value.

23.  The method of claim 17, wherein step (c) begins when the liquid
holding tank has been filled with brine solution from the hopper so that the liquid

holding tank is at least one-quarter full.

13
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US2016/039840

Continued from Box No. lll Observations where unity of invention is lacking

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees need to be paid.

Group |, claims 1-16 are drawn to an apparatus for making a solution.
Group Il, claims 17-23 are drawn to a method of making a brine solution.

The inventions listed in Groups I-1l do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group !, an apparatus comprising a hopper comprising at least one side wall, a bottom, a top, a first
liquid inlet positioned within the at least one side wall, at least one nozzle assembly positioned inside the lower half of the hopper and
coupled to the first liquid inlet, wherein the at least one nozzle assembly comprises a manifold having at least two nozzles spaced apart,
wherein each nozzle has one or more nozzle outlets that are directed away from the bottom of the hopper and/or one or more nozzle
outlets that are directed toward the bottom of the hopper, a liquid holding tank comprising at least one side wall, a bottom, and at least
one liquid outlet positioned within the at least one side wall, are not present in Group II; and, the special technical features of Group Il, a
method of making a brine solution comprising providing an amount of salt in a hopper, providing an amount of water in the hopper so
that the water dissolves at least a portion of the salt to form a brine solution, recirculating at least a portion of the brine solution through a
recirculation line, determining a concentration value of the brine solution in the recirculation line, continuously recirculating at least a
portion of the brine solution through the recirculation line until a target concentration value of the brine solution in the recirculation is
measured, are not present in Group |.

Groups | and Il share the technical features of making a solution comprising a hopper, an overflow weir, a liquid holding tank positioned
proximal to the hopper so that liquid in the overflow weir can flow into the liquid holding tank, and a pump system, wherein the pump
system is configured to pump liquid from the liquid holding tank into the hopper.

However, these shared technical features do not represent a contribution over the prior art. Specifically, US 6,451,270 B1 to Killian et al.
teaches of making a solution (Abstract regarding a brine-maker) comprising a hopper (hopper 12, Fig. 1), an overflow weir (opening 50,
strainers 52, Fig. 1; Col. 3, Lns. 29-35 regarding the brine level rises high enough in the salt hopper 12 that it overflows through the
opening 50 and through the strainers 52 to pour into the brine containment tank 30), a liquid holding tank (brine containment tank 30,
Fig. 1) positioned proximal to the hopper so that liquid in the overflow weir can flow into the liquid holding tank (Col. 3, Lns. 29-35
regarding the brine level rises high enough in the salt hopper 12 that it overflows through the opening 50 and through the strainers 52 to
pour into the brine containment tank 30), and a pump system (pumping means 78, Fig. 1), wherein the pump system is configured to
pump liquid from the liquid holding tank into the hopper (Col. 3, Lns. 52-56 regarding the brine containment tank 30 can be checked for
salinity level...if the level is too low, the bidirectional valve 76 can be turned and the pumping means 78 activated to send the brine back
to the salt hopper 12 and through the salt).

Since none of the special technical features of the Groups I-ll inventions are found in more than one of the inventions, unity is lacking.
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