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SOLUTION MAKING SYSTEMAND 
METHOD 

RELATED APPLICATION INFORMATION 

0001. This application is a Continuation-in-Part of U.S. 
application Ser. No. 11/190,395, filed Jul. 27, 2005, whose 
contents are expressly incorporated herein by reference. 

TECHNICAL FIELD 

0002 Aspects of the present invention relate to an appa 
ratus and method and control system used to produce chemi 
cal Solutions (for instance, a brine Solution). More specifi 
cally, aspects of the invention relate to an apparatus for 
dissolving a chemical in a solvent to produce a solution of a 
specific concentration. 

BACKGROUND 

0003 Chemicals dissolved in a solvent at a specific con 
centration are used in a myriad of industries. For example, the 
application of a salt solution to reduce the amount of Snow 
and ice from roads, sidewalks, driveways and other Surfaces is 
a common industrial practice. Salt solution is generally cre 
ated by mixing rock salt and water to produce a solution. The 
concentration of the Solution may then be adjusted by adding 
fresh water to dilute the mixture or adding salt to concentrate 
the mixture. A solution of approximately 23-27% by weight is 
efficient for removing ice and Snow (where sodium chloride is 
at least one of the salts). At this concentration range, the 
solution will melt ice and snow with an ambient temperature 
of approximately -10 degrees Fahrenheit. If the desired con 
centration is not maintained in the Solution and applied in the 
correct amounts on the streets, accidents may occur. For 
instance, too little salt in the mixture may not lower the 
freezing point of water below the ambient conditions, result 
ing in a mixture that can promote icing of roadways as com 
pared to melting previously accumulated ice. 
0004 One method of monitoring and adjusting the con 
centration of a solution is to measure the specific gravity of 
the solution and add a solvent (freshwater in the case of some 
salts) to the solution until a desired specific gravity is met. 
This method thus correlates the specific gravity of the solu 
tion with the concentration of the Solution. At least one con 
ventional system provides for producing large quantities of 
dissolved rock salt or calcium magnesium acetate (CMA) 
pellets in water for producing a salt Solution to be used as a 
liquid deicer to be used for spraying roadways, sidewalks, 
driveways, and runways to melt Snow and ice. An electronic 
hydrometer (a specific gravity measuring device) measures 
the specific gravity of the brine/water solution. If the specific 
gravity is too high or too low a valve is opened or closed to 
adjust the amount of freshwater to the mixture. In this manner 
the mixture is adjusted to the salinity desired. 
0005. As mentioned above, methods for producing salt 
Solutions that use specific gravity as an indicator of concen 
tration correlate specific gravity to concentration. This corre 
lation can, in Some instances, be faulty. For example, Solids 
Such as silica, dirt, and other foreign material in the Solution 
can affect the specific gravity of the solution and/or the read 
ing of the measuring device. This may in turn lead to an 
undesired salt concentration level for the solution based on 
fluctuations in the mixed solution. In addition, measurements 
based on specific gravity generally are a series of separate 
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measurements, spaced apart in time and process, rather than a 
continuous measurement during the mixing operation or 
operations. 
0006. Also, other mixing systems are unidirectional and 
do not account for fluctuations that may occur in mixing 
operations, thereby providing mixtures that are too low or too 
high in concentration. 
0007. Therefore, there is a need in the art for an apparatus 
and method that produces an accurate concentration level for 
a mixture. 

BRIEF SUMMARY 

0008. This summary is provided to introduce a selection of 
concepts in a simplified form that are further described below 
in the Detailed Description. This summary is not intended to 
identify key features or essential features of the claimed sub 
ject matter. 
0009. This application discloses an improved system and 
method for combining compounds and/or additives. The sys 
tem and method described is able to produce a solution with 
a desired concentration of chemicals. Alternatively, it could 
produce a solution with at least a certain concentration or at 
most a certain concentration of the chemicals. The system 
includes an area where the chemicals can be mixed, and a 
concentration sensor used to determine if the Solution needs 
to be made more concentrated or diluted. If the concentration 
is within a tolerance of the target concentration, Solution may 
be diverted to a storage tank or other vessel. 
0010 While multiple embodiments are disclosed, still 
other embodiments of the invention will become apparent to 
those skilled in the art from the following detailed descrip 
tion, which shows and describes illustrative embodiments of 
the invention. As will be realized, the invention is capable of 
modifications in various obvious aspects, all without depart 
ing from the spirit and scope of the invention. Accordingly, 
the drawings and detailed description are to be regarded as 
illustrative in nature and not restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011. A more complete understanding of the present 
invention and the potential advantages thereof may be 
acquired by referring to the following description of illustra 
tive embodiments in consideration of the accompanying 
drawings. 
0012 FIG. 1 illustrates a perspective view of a solution 
maker in accordance with one embodiment of the present 
invention. 

0013 FIG. 2 illustrates a front view of a hopper of an 
Solution maker in accordance with one embodiment of the 
present invention. 
0014 FIG.3 illustrates a cutaway front view of a hopper of 
an Solution maker in accordance with one embodiment of the 
present invention. 
0015 FIG. 4 illustrates a cutaway perspective view of a 
hopper of an Solution maker in accordance with one embodi 
ment of the present invention. 
0016 FIG. 5 illustrates an inside cutaway view of hopper 
of an Solution maker in accordance with one embodiment of 
the present invention. 
0017 FIG. 6 illustrates an interior view of a hopper of an 
Solution maker in accordance with one embodiment of the 
present invention. 
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0018 FIG. 7 illustrates a rear view of a hopper of an 
Solution maker in accordance with one embodiment of the 
present invention. 
0019 FIG. 8 illustrates an end view of a hopper of an 
Solution maker in accordance with one embodiment of the 
present invention. 
0020 FIG. 9 illustrates a cutaway end view of a hopper of 
an Solution maker in accordance with one embodiment of the 
present invention. 
0021 FIG. 10 illustrates a grate of an solution maker in 
accordance with one embodiment of the present invention. 
0022 FIG. 11 illustrates a control panel of an solution 
maker in accordance with one embodiment of the present 
invention. 
0023 FIG. 12 illustrates a control panel and mechanical 
components of an Solution maker in accordance with one 
embodiment of the present invention. 
0024 FIG. 13 illustrates a control manifold with program 
mable logic controller and human-machine interface of an 
Solution maker in accordance with one embodiment of the 
present invention. 
0.025 FIG. 14 illustrates flow of an solution maker in 
accordance with one embodiment of the present invention. 
0026 FIG. 15 illustrates a perspective view of an solution 
maker and control panel in accordance with one embodiment 
of the present invention. 
0027 FIG. 16 illustrates a perspective view of a float 
assembly in accordance with one embodiment of the present 
invention. 
0028 FIG. 17 illustrates solvent being added to a first 
portion of an Solution maker in accordance with one embodi 
ment of the present invention. 
0029 FIG. 18 illustrates mixing of solvent with chemical 
in a first portion of an Solution maker in accordance with one 
embodiment of the present invention. 
0030 FIG. 19 illustrates an inside view of a first portion of 
an Solution maker in accordance with one embodiment of the 
present invention. 
0031 FIG. 20 illustrates an inside view of a first portion of 
an Solution maker in accordance with one embodiment of the 
present invention. 
0032 FIG.21 illustrates an inside view of a second portion 
of an Solution maker in accordance with one embodiment of 
the present invention. 
0033 FIG.22 is a flow chart that illustrates the process of 
making a mixture of chemicals, slurries, and/or solvents in 
accordance with aspects of the invention. 
0034 FIGS. 23 A-23C show flow charts that illustrate vari 
ous methods of mixing additives into a slurry in accordance 
with aspects of the invention. 
0035 FIG. 24 is a flow chart that illustrates the process of 
releasing the slurry to another vessel in accordance with 
aspects of the invention. 
0036 FIGS. 25A-25B show various processes for dis 
pensing at least one of a solution and/or mixture in accor 
dance with aspects of the present invention. 
0037 FIG. 26 shows an alternative solution maker in 
accordance with aspects of the present invention. 
0038 FIG.27 shows another alternative solution maker in 
accordance with aspects of the present invention. 

DETAILED DESCRIPTION 

0039. The various aspects summarized previously may be 
embodied in various forms. The following description shows 
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by way of illustration of various combinations and configu 
rations in which the aspects may be practiced. It is understood 
that the described aspects and/or embodiments are merely 
examples, and that other aspects and/or embodiments may be 
utilized and structural and functional modifications may be 
made, without departing from the scope of the present disclo 
SU 

0040. It is noted that various connections are set forth 
between elements in the following description. It is noted that 
these connections in general and, unless specified otherwise, 
may be direct or indirect and that this specification is not 
intended to be limiting in this respect. 
0041. This description is broken into six sections to assist 
the user in understanding aspects of the present invention. 
The sections include: 

0042 a. Solution Maker 
0043 b. Additives 
0044 c. Dispensing 
0045 d. Chemicals, Solutions, and Solvents 
0046 e. Modifications 
0047 f. Embodiments and Applications 

Solution Maker 

0048. A solution maker is provided. More specifically, 
aspects of the present invention provide an apparatus and 
method of producing a solution, such as a salt solution, with 
a desired concentration by measuring the concentration of the 
solution, determining an amount of solvent to be added to the 
Solution, and adding the amount of Solvent to the solution. 
Throughout this application the solution, which is any com 
bination of a solvent and a partially or wholly dissolved 
chemical, may also be referred to as the slurry. For instance, 
a highly concentrated mixture of a salt and a solvent in which 
less than all of the salt has been dissolved in the solvent may 
be referred to as a slurry for the purposes of this application. 
The device may further be configured to separate sediment 
from the chemical and solvent and flush out deposited sedi 
ments. Thus, the device may be configured for separating 
foreign material Such as undissolved silica, dirt, and gravel 
from the solution. 
0049. The solution maker may operate in a manual mode 
where a user monitors a control panel to decide when a 
concentration of a solution is at a desired concentration. 
Alternatively, the solution maker may operate autonomously 
and adjust the concentration level on its own. Further, the 
Solution maker may operate through a range of operations 
where some aspects are handled autonomously and others 
based on the direction of an operator. 
0050. In one embodiment, the solution maker may be con 
figured for producing a clean brine Solution by dissolving one 
or more salts (sodium chloride, for instance) into water or 
another solvent. In other embodiments, the solution maker 
may be used to dissolve other chemicals. Examples include 
calcium magnesium acetate, calcium chloride, magnesium 
chloride, potassium acetate, potassium formate, Sodium for 
mate, magnesium acetate, diammonium phosphate, 
monoammonium phosphate, urea, ethyl glycol, propylene 
glycol, and other chemicals. The solution maker may produce 
a solution having a concentration of a desired target concen 
tration, a desired target concentration range, or equal to or 
greater than a target concentration. The solution maker can 
also dilute solutions or slurries that have already been pro 
duced. 
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0051. As shown in FIGS. 1 through 3, one aspect of an 
solution maker 100 may include a mixer 102 having a first 
container 104 and a second container 106. An example suit 
able capacity for the mixer 102 is five cubic yards. The first 
container 104 and the second container 106 are separated by 
a grate 142. The first container 104 is adapted to receive a 
chemical for dissolution in a solvent to produce a solution. To 
produce a brine solution, the component may be, for example, 
Sodium chloride (NaCl or salt) or calcium magnesium Sulfate. 
The chemical may be provided in any suitable form. For 
example, if the chemical is salt, it may be provided in pellet or 
rock form. Other components may be used to produce other 
solutions. As will be described more fully below, the solution 
maker may be calibrated for use with different chemicals or 
solvents to produce different solutions. In one embodiment, 
the solution maker mixes sodium chloride and freshwater to 
produce a brine solution. The chemical in the first portion may 
provide a chemical bed. For example, in producing a brine 
solution, a saltbed may be formed in the first container 104. 
0052. The first container 104 is further adapted to receive 
a solvent for mixture with the chemical to produce the desired 
Solution. The various components of the brine maker may be 
downward flowing and the solvent passes through the chemi 
cal bed in the first container 104 due to the force of gravity. 
The solvent may be delivered to the first container 104 in any 
suitable manner. A solvent line leading to the mixer 102 may 
be provided. An optional, self-regulating heating element 
may be coupled to the solvent line to protect against freezing 
of the solvent. In the embodiment of FIG. 1, the solvent is 
delivered via a solvent valve 136 that actuates flow from a 
solvent inlet 138. The solvent valve 136 may be provided as 
an electric actuated valve and valve actuation may be con 
trolled by controller Such as a programmable logic controller 
(PLC) 216 (see FIG. 12). Although many types of controllers 
could be used, the term PLC is used for simplicity in describ 
ing the controller in various aspects of the invention. Actua 
tion of the valve may depend on one or more liquid level 
sensors and/or may be controlled by an operator or some 
combination of automatic operation and operator control. As 
described more fully below and shown in FIG.3, a first liquid 
level sensor 118, a second liquid level sensor 120, and a third 
liquid level sensor 122 may be provided. As shown in FIGS. 
8, 12, and 19, in a specific embodiment, the solvent inlet 138 
may be pressurized and may supply solvent to the Solution 
maker 100 via a solvent valve 136, conduit 200, manual valve 
186, manual valve 158, conduit 176 and spray head 178 to 
dilute valve 134. The fresh solvent valve 136 may further 
include a manual override. Of course, while a specific con 
figuration is herein described, an Solution maker within the 
Scope of the present invention may include fewer or more 
component parts as would be understood by one skilled in the 
art 

0053 A grate 142 substantially prevents the chemical 
from passing from the first container 104 of the mixer 102 to 
the second container 106 of the mixer 102 before the chemical 
is dissolved in the solvent. Perforations may be provided in 
the grate 142. When a solution comprising the solvent and 
dissolved chemical is formed in the first container 104, the 
perforations in the grate 142 allow the solution to pass 
through the grate 142 into the second container 106 of the 
mixer 102. FIG. 5 illustrates one embodiment of a grate 142 
suitable for use with the solution maker. As shown, the grate 
142 may include a plurality of annular perforations 143. The 
perforations 143 may be approximately 3/16 inch diameter. 
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Desirably, the perforations 143 are large enough to permit 
even flow of the solution through the grate 142 but small 
enough to prevent the chemical from passing through the 
grate 142. Thus, the grate 142 operates to Support the chemi 
cal, collect debris, and allow passage of Solution. In one 
aspect, the grate 142 is nonmetallic and includes 1/2 inch 
fiberglass structural cross members. 
0054 FIGS. 19 and 20 show the inside of a first container 
104 of a solution maker. In FIG. 19, spray heads 178 for 
expelling solvent and grate 142 may be seen. FIG. 20 shows 
flow through the spray heads 178. 
0055 As stated above, one or more liquid level sensors 
may be provided. The liquid level sensors are liquid level 
sensing devices. They may be provided with switches that 
send a signal to the PLC 216. As such, the liquid level sensors 
may be operably connected to inputs of the PLC 216. The 
liquid level sensors may be provided as any Suitable device. In 
one embodiment, a Suitable liquid level sensor is a mechani 
cal switch with a float device that activates a micro switch. In 
another embodiment, an inductive capacitive proximity 
Switch may be used. The liquid level sensors maintain liquid 
levels in the mixer 102, and more specifically in the first 
portion of the mixer 102, at a desired level. Generally, high 
water levels may overfill the mixer 102 and create a spill while 
low water levels may cause a transfer pump 124 to run dry and 
thereby damage the pump seals. 
0056. As shown in FIG. 3, first, second, and third liquid 
level sensors 118, 120, and 122, respectively, are provided. 
Reference is made to FIGS. 7 and 9 to further illustrate the 
liquid level sensors. In some embodiments, more than three 
liquid level sensors may be provided. Alternately, no liquid 
level sensors may be provided. The first liquid level sensor 
118 abuts the mixer 102 and is generally adjacent to the 
second liquid level sensor 120 and may be connected to an 
input of the PLC 216. The first liquid level sensor 118 detects 
if the water level in mixer 102 is low. If the liquid level is low 
and the solution maker 100 is in run mode, a pump 124 is 
turned to an “off” state if the solution maker 100 is in run 
mode. This protects pump 124 from damage caused by run 
ning dry. 
0057 The second liquid level sensor 120 is generally adja 
cent to the first liquid level sensor 118 and the third liquid 
level sensor 122 and may be connected to an input of the PLC 
216. The second liquid level sensor 120 detects if an adequate 
amount of water or other solvent is present in the mixer 102. 
Based on the detection of an adequate amount of solvent, the 
pump 124 is activated and switched to an “on” state. The 
pump 124 is latched into the “on” state until the batch is 
completed or the first liquid level sensor 118 detects that the 
liquid level is low. 
0058. The third liquid level sensor 122 abuts the mixer 102 
and is generally adjacent to the second liquid level sensor 120 
and may be connected to an input of the PLC 216. The third 
liquid level sensor 122 detects if the mixer 102 is holding a 
predetermined level of liquid. If this level of liquid is sensed, 
the solvent valve 136 is switched into the “off position, thus 
protecting the mixer 102 from overflowing. 
0059. The second container 106 of the mixer 102 includes 
a brine solution suction tube 164 connected to a conduit 148 
and a brine outlet valve 154. The brine outlet valve 154 is 
connected to the transfer pump 124 via an outlet conduit 148. 
A solvent dilute inlet 146 and a pump suction inlet may be 
connected to the conduit 148. As shown, the pump 124 may 
be provided in communication with a solution sensor 132. 
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0060. The solution sensor 132, in one example, measures 
the concentration of chemicals in the solution. In one aspect, 
the sensor is a conductivity sensor. For example, it could be a 
conductivity sensor of the terodial type, which is solid state 
with no contact points and measures the inductive field of the 
Solution. However, many conductivity sensors are known in 
the art. In another aspect, the Solution sensor 132 may be a 
refractometer. The refractive properties of the solution vary 
based on concentration. The refractometer detects the refrac 
tive index of the solution, and the PLC 216 then is able to 
calculate, and adjust, the concentration reading as appropri 
ate. In other aspects, a hydrometer or other device used to 
detect the specific gravity of the solution could be used as 
solution sensor 132. 
0061 The solution sensor 132 may be configured to mea 
Sure continuously, thus providing constant input rather than 
periodic snapshots to the PLC 216, thereby increasing the 
efficiency of the machine. 
0062 Alternatively, a refractometer can be used in place of 
the solution sensor 132. The refractive properties of the solu 
tion vary base on concentration. The refractometer detects the 
refractive index of the solution, and the PLC 216 then is able 
to calculate, and adjust, the concentration as appropriate. 
0063. In another aspect, the solution sensor 132 may be 
combined with a temperature sensor. This may be desirable 
because, in the case of the Solution sensor being a conductiv 
ity sensor, the electrical resistance of the solution may vary 
with temperature as well as concentration. The reading from 
the solution sensor and the temperature sensor would be used 
to form a temperature compensated conductivity reading. 
This reading could be equated to a concentration curve which 
in turn expresses the reading of the solution as a temperature 
compensated concentration by weight. A concentration curve 
correlating temperature compensated conductivity to concen 
tration may be developed for any chemicals in solution. Thus, 
for example, in a brine maker, a sodium chloride concentra 
tion curve is used. As stated above, in one aspect, the Solution 
sensor measures the temperature and the conductivity of the 
solution. The properties of brine change with temperature 
and, thus, it may be desirable to measure the temperature to 
formulate the actual concentration. 
0064. Alternatively, the solution sensor 132 could operate 
without the aid of a temperature sensor. This could be desir 
able because the Solution sensor directly measures a property 
that does not vary with temperature. It could also be desirable 
because it is less costly and less complicated to operate with 
out sensing the temperature. 
0065. As will be described more fully below, solution that 

is outside of a tolerance of a target concentration may be 
adjusted while solution that is within a tolerance of a target 
concentration may be processed to a storage tank. By mea 
Suring and adjusting the concentration midstream, the solu 
tion maker produces solution continuously at a target concen 
tration without the intervention of an operator. 
0066. With reference to FIGS. 1, 12, and 13, the solution 
sensor 132 may be in operable communication with the PLC 
216. In response to the determined concentration, the PLC 
216 may activate a dilute valve 134 or a diverter valve 130 to 
ensure that only solution of a desired concentration is diverted 
to a storage tank. The target concentration of the solution may 
be any desired concentration. For brine solutions, a suitable 
target concentration may be in the range of 19.6 to 27% by 
weight. For example, the target concentration may be 23.3% 
by weight. In addition to establishing a desired solution con 
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centration, a desired solution concentration tolerance may be 
established wherein a certain variance from the desired solu 
tion concentration is considered acceptable. An acceptable 
tolerance may be +/-0.3% of the target concentration. 
0067. The diverter valve 130 diverts flow from the pump 
124 through a return tube 126 if the solution concentration is 
above or below the target concentration or through a finished 
product tube 128 if the solution concentration is within the 
approximately the desired solution concentration. The 
diverter valve 130 may be controlled by the PLC 216 (and/or 
by an operator or combination thereof) and depends on the 
target versus actual concentration. Solution that is outside of 
a tolerance of the target concentration may be diverted to 
conduit 126, valve 156, conduit 180, and agitation nozzles 
166 for a further pass through the mixer 102. Again, while a 
specific embodiment of a diverting mechanism is provided, 
alternate mechanisms as would be known to one skilled in the 
art may be used for diverting solution outside of a tolerance of 
a target concentration or range of target concentrations to the 
mixer 102. 
0068. The return tube 126 passes flow to a valve 156, a 
conduit 180 and agitation nozzles 166 in the first container 
104 of the mixer 102. The solution passes through the return 
tube 126 and returns to the mixer 102. The finished product 
tube 128 passes to a storage tank 410 (see FIG. 14). The 
diverter valve 136 may further include a manual override. 
0069. The dilute valve 134 is controlled by the PLC 216. 
The dilute valve 134 may communicate with the solution 
pump 124. The dilute valve 134 thus actuates open to pass 
sufficient solvent to dilute the solution when pump 124 is 
passing flow and the Solution sensor 132 senses a Solution 
actual concentration over the target concentration. The dilute 
valve 134 communicates with the solventinlet 138. The dilute 
valve 134 actuates open when the pump 124 is passing flow 
and the Solution sensor 132 senses a Solution actual concen 
tration over a target concentration. When dilute valve 134 is 
open, solvent from the solvent inlet 138 passes through the 
dilute valve 134 into the conduit 212 and into the dilute inlet 
146. The solvent combines with the solution passing from the 
second container 106 of the mixer 102 to the pump 124. The 
dilute valve 134 allows sufficient solution to dilute the over 
concentrated Solution reaches the target concentration and 
thus does not over-dilute the solution. The dilute valve 134 
may further include a manual override. 
0070 The sensed solution may be diluted in any suitable 
manner at any suitable point. For instance, the sensed solution 
may be diluted via addition of solvent to the outlet tube. 
Alternately, the sensed solution may be diluted via return to 
the mixer 102 and mixing with further solvent in the mixer 
102. 

0071. A flow measuring device 204, shown in FIG. 12, 
may be provided for measuring the volume of finished solu 
tion being transferred to the storage tank. The flow measuring 
device 204 may be provided in communication with the PLC 
216. Further, an additive pump 210, flow measuring device 
206, and actuated valve 208 may be provided to allow flow 
into a conduit 128. The additive pump 210, flow measuring 
device 206, and actuated valve 208 may be in communication 
with the PLC 216 to enable mixing of an additive with the 
Solution as it is transferred to a storage tank, as is described 
more fully below. 
0072. During use, solids such as dirt and silica may infil 
trate the Solution maker. These solids typically cause sedi 
ment build up in Solution making machines. Generally, it is 
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desirable for the solution to be as clean as possible. Foreign 
material in the Solution is abrasive. The abrasiveness can 
produce excess wear on pumps, flow meters and valves asso 
ciated with the production and application of the brine solu 
tion. Sediment deposits caused by foreign material in Suspen 
sion of the solution over time settle out and form layers of 
sediment in the storage tank. Cleaning the sediment can be 
time consuming and can require the machine to be offline. 
0073. In one embodiment, the second container 106 of the 
mixer 102 is configured for easy cleaning. The second con 
tainer 106 (see, for example, FIGS. 3 and 21) thus includes at 
least one sloped plane along which sediment slides to a Sump 
located at the bottom of the sloped plane. A suitable slope for 
the at least one sloped plane is approximately 15 degrees. In 
the embodiment shown, the second container 106 includes a 
first sloped plane 150, a second sloped plane 152, and a third 
sloped plain 202. Sediment that passes through the grate 142 
collects on the bottom of the second container 106 of the 
mixer 102 in a sump area formed by the first sloped plane 150, 
second sloped plane 152, and the third sloped plane 202. The 
Sump area may be, for example, approximately 12 inches by 
12 inches. Other coatings that allow easy cleaning are well 
known to those of ordinary skill in the art. 
0074. A sump outlet 108 may be provided to allow the 
sediment to be flushed out of the mixer 102. Such flushing 
may be done via spray bars 402 (shown, for example, in FIGS. 
2 and 9) and a nozzle 162 (shown, for example, in FIG. 3). A 
plurality of nozzles, for example a nozzle provided on each 
wall to the left, right, and back side of the sump, may be 
provided for forcing sediment through the Sump and out of the 
Solution maker. The solution maker may be configured for 
flushing of the sediment or for manual flushing of the sedi 
ment. Further, the sediment may be flushed from the mixer 
102 while the chemical is in the first container 104 of the 
mixer 102 or may be flushed from the mixer 102 when there 
is substantially no chemical present in the first container 104 
of the mixer 102. The grate 142 in the mixer 102 supports the 
weight of the chemical, thus enabling the sediment to be 
flushed while the chemical is in the mixer 102. 
0075 Thus, the solution maker further provides a method 
for separating foreign material Such as un-dissolved silica, 
dirt, and gravel from the mixer 102. The foreign material may 
accumulate in a Sump area from which the deposits may be 
flushed at a later time. Further, the solution maker enables a 
flushing of deposits of foreign material from the mixer 102 
while a chemical remains in the first portion of the mixer 102. 
0076. In another embodiment, the solution maker may 
lack a cleanout System as described above. In this alternate 
embodiment, a mixer 102 may be used with less manufactur 
ing, thereby providing cost savings in environments where 
cleaning the mixer 102 is either not needed or where cleaning 
the mixer 102 on a regular basis is not required. Here, systems 
that do not accumulate debris or are relatively clean may be 
used with a mixer 102 without a cleanout. 

0077. The solution maker, in some embodiments, may 
hold 10,000-20,000 pounds of a chemical such as salt. Thus, 
the mixer 102 is manufactured to be sufficiently strong to 
support the load. The mixer 102 may be made of any suitable 
material. In one embodiment, a suitable material from which 
the mixer 102 may be constructed is fiberglass. Fiberglass is 
strong and is not affected by salt Solutions. More specifically, 
the mixer 102 may be constructed of 16,000 lb tensile 
strength fiberglass and isophthalic resin. Other Suitable mate 
rials for the mixer 102 include but are not limited to stainless 
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steel and polypropylene. The inside surfaces of the mixer 102 
may be coated with a ceramic resin. Such coating may be, for 
example, approximately 0.050 inches thick. Structural inte 
gral ribs may be provided within the mixer 102 to limit flex to 
within one inch from full to empty. In one embodiment, the 
overall thickness of fiberglass and resin in the mixer 102 is 
approximately 0.35 inches. Structural areas such as ribs, cor 
ners, and floor may be provided with additional layers of 
woven fiberglass mat for an overall thickness of approxi 
mately 0.50 inches. 
0078. In use, the solution maker may be used by a highway 
department for producing brine solution to deice roads. The 
Solution maker may be used outdoors in cold weather. Thus, 
the solution maker may be provided with one or more of its 
components being heated. Heating elements 168 (see, for 
example, FIG. 3) may be provided in the mixer 102. A tem 
perature sensing device may be provided in the mixer 102 in 
communication with the PLC 216. The temperature sensing 
device indicates if the heating elements 168 need to be acti 
vated to raise the temperature of the mixer 102. These ele 
ments may be thermostatically activated on and off and 
capable of sustaining a temperature of 32 degrees Fahrenheit 
or higher to prevent the vessel from freezing. 
(0079 Thus, the mixer 102 may be heated to minimize the 
chance of the mixer 102 freezing in cold weather. In one 
embodiment, silicone matheaters may be built into the mixer 
102. For example, two nine-foot square silicone mats may 
built into the mixer 102. A roll tarp such as a permanently 
mounted roll tarp may be used in conjunction with the heaters 
for heating the mixer 102. Such roll tarp may be provided with 
arches and a roll mechanism and is useful for keeping heat in 
and debris out. If provided, the roll tarp may be mounted over 
an open top of the mixer 102. Other heating methods are well 
known to others of ordinary skill in the art. 
0080 FIGS. 11-13 illustrates embodiments of a control 
panel of the solution maker. The control panel 500 may be 
included of mechanical flow control devices, the conductivity 
sensor 132, the PLC 216, and the human-machine interface 
(HMI) 214. In another embodiment, the PLC 216 is in com 
munication with HMI 214 to create a data log. Solution pro 
duced and diverted to the storage tank is measured via a flow 
measuring device 204 (see, for example, FIG. 12) and 
recorded in the PLC program 216. This measurement may be 
via a flow meter of a flow switch. Calculations may be intro 
duced into the PLC program 216 to formulate the amount of 
Solution produced, the chemical usage, and the solvent usage 
in the production process. The data log thus creates reports 
that may be viewed on the HMI 214 or printed onto a printer. 
These reports may be created daily and may show a running 
season total of Solution produced as well as chemical and 
Solvent usage (and additive usage if an additive is introduced 
into the solution). Multiple user reports may be generated. For 
example, a daily and season total may be created and tailored 
for separate individuals for accounting and billing purposes. 
I0081. The control panel 500 may include one or more 
processors that control the operation of the control panel. The 
control panel 500 may also include internal memory includ 
ing at least one of solid state (RAM, ROM, Flash, magnetic, 
and the like) and dynamic memory (CD, DVD, Hard Drive, 
etc.). The control panel may have no or various input/output 
pathways including but not limited to wired (for instance, 
USB, Firewire, and other wired pathways), wireless (for 
instance, IEEE 802.11*, Wi-Max, cellular, satellite, RF, Blue 
tooth, and other wireless pathways), and media-related inter 
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faces (for instance, CD, DVD, and other media-related inter 
faces). The control panel 500 may optionally include the 
ability to connect to a network or other devices including the 
internet. Further, the control panel 500 may optionally 
include a location determination system (including but not 
limited to cellular, satellite, and the like). The location deter 
mination system may provide information that allows the 
location of the control panel 500 to be communicated to 
another device or network. Further, the control panel 500 may 
be able to use this information in modifying desired concen 
trations, additive mixing, and the like, based on the deter 
mined location. For instance, the control panel 500 may pro 
vide more additives based on one location compared to less 
additives based on another location. Alternatively, it may be 
provided its location based on user input or a location trans 
mitted to it remotely. 
0082 In one example, the PLC 216 may handle operations 
independent of the HMI 214. In other situations, the PLC 216 
may be replaced by the HMI 214 alone. Further, the PLC may 
be networked with other computers or computing systems 
thereby allowing communication between them and/or 
downloading of new information to the PLC 216. For 
instance, a central command center may instruct PLC 216S in 
various locations to increase the use of one chemical/solvent/ 
Solute/slurry compared to another. Also, the networking of 
the PLCs 216 (for example, to the internet or other network) 
may allow firmware updates or data uploads regarding usage 
and other metrics. Further, data keeping functions may pro 
vide reports or requests to the network for data keeping and/or 
ordering of more materials. 
I0083. Yet further, the networking of the PLCs 216 may 
allow remote operation of the system. For instance, one may 
operate one HMI to control two or more mixers 102. 
0084. The reports may additionally provide a quantitative 
measurement of Solution or other output produced and/or 
time needed to make the solutions or other mixtures. These 
reports may be output in one or more forms including forms 
appropriate for storage in a database (SQL, Microsoft Access, 
and the like). 
0085. The control panel enables regulation of solvent flow 
into the first portion of the mixer 102. The solvent concentra 
tion and/or actual temperature compensated concentration 
may be monitored and, if the concentration is out of the 
tolerance for the target concentration, the Solution may be 
returned to the mixer 102. Alternately, the solution may be 
diluted mid-stream after exiting the mixer 102 to meet the 
desired concentration level. Solution of a desired concentra 
tion may be processed to a holding tank. As shown, the PLC, 
conductivity analyzer, and other electric controls may be 
mounted in an electric enclosure on the rear side of the panel. 
The main panel of the control panel may include valve labels 
and valve functions. Information displayed on the screen may 
include the actual production Solution concentration in the 
form of % concentration by weight, the gallons of solvent 
used to make solution, self-diagnostic of the conductivity 
sensor, self-diagnostic of electric valves (indicating if and 
what valve is not functioning normally), Valve status of open 
or closed, and status of the machine along with the status of 
electrical components. In one embodiment, the display is 
multi-colored with a green screen indicating system normal, 
a red screen indicating machine fault, and an orange screen 
indicating setup parameters. 
I0086. The holding tank or tanks may be filled individually 
or filled in an order specified by the control panel or HMI. For 
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instance, a first holding tank may be designated as the loca 
tion for the output of the solution maker 100 or mixer 102. 
Next, another tank may be filled after the first holding tank is 
full (based on a predetermined amount of solution dispensed 
or a sensor on the tank). The control panel may be pro 
grammed to fill a number of tanks then stop the dispensing 
and/or mixing process. 
I0087. The solution maker may be configured as self-diag 
nostic. Accordingly, the valves and sensors may be in oper 
able communication with the controller to confirm the current 
state. In the event of a component failure, the system may be 
configured to shut down and provide information on the spe 
cific failure along with a corrective measure, including how to 
manually override problem and part number failure. 
0088 FIG. 14 illustrates flow of an solution maker in 
accordance with one embodiment of the present invention. As 
shown, solvent 402, such as water, passes into the mixer 102 
404. In the mixer 102404, the solvent mixes with a chemical, 
such as salt, to forma solution, such as brine. The solution 406 
exits the mixer 102404. A conductivity sensor 408 measures 
the conductivity of the exiting solution 406 and thereby deter 
mines the concentration of the solution 406. If the concentra 
tion is within the desired range, the solution 406 continues to 
a storage tank 410. If desired, an additive 412 may be added 
to the solution 406 after it is determined to be at an acceptable 
concentration. If the solution 406 is not at the desired con 
centration, it is returned 414 to the mixer 102 404. This 
process is described more precisely below. 
I0089. In operation, a chemical, for example rock salt, is 
deposited in the first container 104 of mixer 102. The pump 
124 is initially in the “off” state while the solvent valve 136 is 
in the “on” position. An operator at the HMI 214 enters a 
desired target solution concentration, Volume of Solution to 
be produced, and, if desired, a ratio of additive in the finished 
product. Upon entering this information, the operator acti 
vates a start switch which activates the PLC program into the 
operation mode. The operation mode begins solvent flow 
from valve 136 into the mixer 102104. The first container 104 
of the mixer 102 receives solvent from spray heads 178 via the 
solvent inlet 138, the actuated valve 136, the conduit 200, the 
valve 186, the valve 158, and the conduit 176. The solvent 
dissolves the chemical, and the formed Solution passes 
through the grate 142 into the second container 106 of the 
mixer 102. Solvent continues to enter through the spray heads 
178 into the mixer 102 until the third liquid level sensor 122 
detects the mixer 102 is full of liquid and activates the solvent 
valve 136 into the “off position so that the mixer 102 does not 
overflow. 

0090 While the mixer 102 receives solvent, the second 
liquid level sensor 120 detects whetheranadequate amount of 
solvent is present in the mixer 102. When an adequate amount 
of solvent is present in the mixer 102, the pump 124 is actu 
ated into an “on” position. The pump 124 is latched into the 
“on” position until the batch is completed or the first liquid 
level sensor 118 detects that the liquid level is low. 
0091. The pump 124 transfers the solution from the sec 
ond container 106 of mixer 102 through the first suction tube 
164, the conduit 188, the valve 154, conduit, dilute inlet 146 
and into the suction side inlet of the pump 124. The pump 124 
may be configured to pump approximately 5,000 gallons of 
solution per hour with a dynamic head of 45 feet. 
0092. The solution sensor 132 senses the conductivity and 
the temperature of the solution transferred by the pump 124 
from the mixer 102106. The solution sensor 132 measures the 
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electrical resistance of the solution flowing across the Solu 
tion sensor 132. This measurement may be done by a probe 
and conductivity analyzer of the solution sensor 132. The 
electrical resistance is compared to the temperature of the 
Solution and these two variables are equated to form a tem 
perature compensated conductivity reading. This reading is 
equated to a chemical concentration curve which in turn 
expresses the reading of the solution as a temperature com 
pensated concentration by weight. A concentration curve cor 
relating temperature compensated conductivity to concentra 
tion may be developed for any chemicals in Solution. Thus, 
for example, in an brine maker, a Sodium chloride (and/or 
other salt) concentration curve is used. 
0093. If the solution is over-concentrated the conductivity 
analyzer, then communicates with the PLC 216, which in turn 
opens the dilute valve 134 to permit solvent to dilute the 
over-concentrated solution exiting the mixer 102 106 to the 
target concentration. When the dilute valve 134 is activated, 
solvent from the solvent inlet 138 passes through the dilute 
valve 134 and into the dilute inlet 146 and combines with the 
solution passing from the second container 106 of the mixer 
102 to the pump 124. The dilute valve 134 remains activated 
until the Solution reaches the target concentration. The over 
concentrated solution is diverted from the pump 124 by the 
diverter valve 130 and passes through the return tube 126 into 
the first container 104 of the mixer 102 via the conduit 180, 
valve 156 and agitation nozzles 166. 
0094. If the solution is under-concentrated, the under-con 
centrated solution is diverted from the pump 124 by the 
diverter valve 130 and passes through the return tube 126 into 
the first container 104 of the mixer 102 via valve 156, conduit 
180, and agitation nozzles 166. 
0095. If the solution is within a tolerance level of a target 
concentration, the solution is diverted from the pump 124 by 
the diverter valve 130 and passes through the finished product 
tube 128 and into a storage tank (not shown). Optionally, if 
trucks are being loaded with solution during operation of the 
Solution maker, Solution within a tolerance level of a target 
concentration may be diverted directly to the a truck via a 
truck fill hose. When diverting solution to a storage tank, a 
remove till electric plug wiring harness may be provided to 
shut off filling of the storage tank when full. Thus, a sensing 
device may be provided for sensing the state of the storage 
tank. 

0096. Overtime the liquid level drops in the mixer 102 due 
to solution within the tolerance level of the target concentra 
tion being sent to the storage tank. First liquid level sensor 
118 detects if the water level in mixer 102 is low and turns 
pump 124 to the “off” state if the solution maker 100 is in 
operate mode. Alternately, Solvent and chemicals may be 
continuously provided to the solution maker. In a semi-con 
tinuous embodiment, the solution maker 100 continuously 
produces solution of a desired concentration. Thus, the Solu 
tion maker 100 may be configured for continuous batch pro 
cessing. Continuous batch processing enables production of 
more solution per amount of time the solution maker is run 
ning. 
0097. The configuration of the solution maker thus offers 
a downward flow design. In the first container 104 of the 
mixer 102, solvent flows downwardly through the chemical to 
form the solution. Upward flow design is well known in the art 
but would also include pumps to counteract gravitational 
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forces, which assist the downward flow design. It is appreci 
ated that aspects described herein include both upward and 
downward flow designs. 
0098. The solution passes through the grate 142, into the 
second container 106. The solution with the highest concen 
tration settles to the bottom of the second container 106 where 
the solution is removed for processing. 
0099. A data log may be generated by the solution maker 
for recording how much solution is produced and the quantity 
of ingredients (chemical and solvent) used. 
0100 FIGS.3,5, and 20 further illustrate the easy cleaning 
aspect of the solution maker. 
0101 FIGS. 3, 5, and 21 illustrate the sloping surfaces and 
Sump of the second container 106 of the mixer 102. Due to the 
sloping Surfaces, sediment that passes through the grate 142 
collects on the bottom of the second portion in an area adja 
cent a sump outlet 108. Any suitable number of sloping sur 
faces may be used. In the embodiment shown, a first sloped 
plane 150, a second sloped plane 152 and a third sloped plain 
202 are provided. Thus, sediment that passes through the 
grate 142 collects on the bottom of the second container 106 
of the mixer 102 in an area formed by the first sloped plane 
150, the second sloped plane 152 and the third sloped plane 
202. The sump outlet 108 allows the sediment to be flushed 
from the mixer 102 using the spray bars 402 and nozzles 162, 
as described above. 
01.02 FIGS. 2-4 illustrate the mixer 102. The mixer 102 
includes a first container 104 and a second container 106. 
Nozzles 162 are provided on the second container 106. The 
nozzles 162 spray a liquid substantially in the direction of 
Sump outlet 108, provided in the second container 106. In one 
embodiment, the liquid that is sprayed by the nozzles 162 is 
water. Thus, liquid is expelled from the nozzles 162 and 
directed towards sediment accumulated adjacent the Sump 
outlet 108. Force from the spray forces the sediment to pass 
through the sump outlet 108. Of course, any other suitable 
means for forcing the sediment through the Sump outlet may 
be used. 
(0103) As further illustrated by FIGS. 19 and 20, the first 
container 104 of the mixer 102 may include a spray head 178. 
Alternately, the first container 104 may include a plurality of 
spray heads. The spray head 178 receives solvent from the 
Solvent inlet 138 via the solvent valve 136. 
0104 FIGS. 6 and 9 illustrate a plurality of spray bars 402 
(only one side shown) that are located on opposite sides of 
second container 106 of the mixer 102. The spray bars 402 
spray a liquid that forces sediment towards the Sump outlet 
108. 

0105. As described above, during use of the solution 
maker, sediment may pass through the grate 142 into the 
second container 106 of the mixer 102. Sediment that settles 
on first sloped plane 150 and second sloped plane 152 is 
forced downward towards the bottom of second container 106 
via spray bars 402 that are positioned along the first sloped 
plane 150 and the second sloped plane 152. The spray bars 
402 are supplied with liquid via liquid supply 138, conduit 
200, water inlet 186, flush valve 160, and conduit 174. The 
sediment that is located in the bottom of second container 106 
is forced out of the sump outlet 108 of the second container 
106 via the nozzle 162. Liquid is supplied to the nozzle 162 
via liquid supply 138, conduit 200, water inlet 162, and con 
duit 172. 
0106 The chemical is supported within the first container 
104 by the grate 142. Thus, the sediment may be flushed from 
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the mixer 102 while chemical is in the first container 104 of 
the mixer 102. Alternately, the sediment may be flushed from 
the mixer 102 when there is substantially no chemical in the 
first container 104 of the mixer 102. 
0107 FIG. 12 illustrates a control panel for an solution 
maker wherein an additive may be Supplied to the solution. 
Thus, the Solution maker may be used to inject an additive 
into the desired solution concentration at a desired ratio. For 
example, when the Solution maker is used to make brine, 
additives that make brine work at lower temperatures or 
reduce the corrosiveness of brine may be beneficial. 
0108. Typically brine is used at approximately 20 degrees 
Fahrenheit or above. By mixing additives with the brine, the 
effective temperature for using brine may be reduced to 
approximately 0 degrees Fahrenheit, thereby providing a 
Solution of melting Snow and ice at lower temperatures. Salt 
brine is naturally corrosive and the corrosive nature of the 
brine leads to corrosion of bridge decks, vehicles, and road 
ways. Reducing the corrosive nature of brine and lowering the 
freezing point of brine by mixing at least one additive at a 
predefined ratio into the brine has benefits to the environment. 
Generally, these additives are costly compared to the cost of 
brine solution. Optionally, a system may include the ability to 
add a desired amount of additive into the solution when 
needed and thus reduce cost and enable an enriched product to 
be produced when needed. 
0109. Using the embodiment of FIG. 12, a user enters a 
desired percentage of total Volume in which an additive is to 
be processed via the HMI 214 to the storage tank where the 
finished product is stored. As brine is produced and diverted 
to the storage tank, a predetermined ratio of additive is placed 
into the conduit 128 via the pump 210 controlled by the PLC 
216 connected to a supply tank for the additive (not shown). 
The pump 210 transports the solution. A flow meter 206 is in 
communication with the PLC 216 and measures the additive 
volume. An actuated valve to shutoffflow is controlled by the 
PLC 216. 
0110 Thus, in the embodiment shown in FIG. 12, a solu 
tion may be produced at desired concentrations and, as the 
Solution is transported to a holding tank, a desired ratio of 
additive based on volume of solution may be mixed with the 
solution. This ratio may be between 0 and 100%, as desired. 
The solution maker thus produces brine and has the ability to 
mix and inject any ratio of additive into the Solution. 
0111 FIG. 16 illustrates a perspective view of the float 
assembly on the mixer 102. 
0112 FIG. 17 illustrates solvent being added to a first 
container 104 of an solution maker via spray heads 178. 
0113 FIG. 18 illustrates mixing of the solvent with the 
bulk chemical in the first container 104 of the solution maker. 
0114 FIG. 19 shows first container 104 with spray head 
178 over grate 142 before any bulk chemical has been added 
to the first container 104. 
0115 FIG. 20 shows first container 104 being sprayed 
with a solvent from spray head 178 over a bulk material. 
0116 FIG. 21 shows second container 106 with first slop 
ing plain 150 and third slipping plane 202 showing a solution 
having been created and flowing toward brine outlet valve 
154. 
0117 FIGS. 22-25B show various processes that may be 
used in conjunction with the solution maker 100 and addi 
tional components. 
0118 FIG.22 illustrates the process of creating a mixture 
of solutes and solvents. Although a single solute and a single 
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Solvent are often combined to make a slurry, the aspects of the 
invention are not so limited. Multiple solutes and solvents can 
be made into a slurry. For example, solvent 2201 and solvent 
2202 are combined with solid chemical 2203 and solid 
chemical 2204 to produce a new slurry 2206 in FIG. 22. 
Although solid chemicals are used in this illustration, liquids 
can also be used. For example, slurry 2205 can also be added 
to solvents 2201 and 2202 to produce slurry 2206. In the case 
that slurry 2205 is the only chemical being added to the 
Solvents, the Solution maker would function as an dilution 
machine. 

0119. As described above, the solution maker can be used 
to ensure slurry 2206 is at, above, or below a desired concen 
tration. In step 2208, the concentration of slurry 2206 is tested 
by any Suitable means, including measuring refractive index, 
specific gravity, and/or conductivity. As described above, 
temperature may also be measured in order to more accu 
rately correlate conductivity/specific gravity/refractive index 
with the actual concentration of the chemicals in the slurry. 
For instance, in Some situations, the concentration may be 
tested by a sensor at the location of the mixer 102. In other 
situations, the actual sensor may be located apart from the 
physical location of the mixer 102. For instance, in cold 
climates, the sensor may be placed in a heated building while 
the mixer 102 is outside, to protect the sensor and associated 
processing/control equipment. 
I0120 If slurry 2206 is not concentrated enough, the sol 
utes or slurries 2203,2204, and 2205 will be added to slurry 
2206. If slurry 2206 is too concentrated, solvents 2201 and/or 
2202 will be added to slurry 2206 in step 2207. 
0.121. Once the desired concentration is reached, as mea 
sured by step 2208, slurry 2206 can optionally be released, as 
indicated by dotted lines in FIG. 22, into one or more holding 
tanks 2209 and/or other containers 2212. Alternatively, the 
process could continue to produce more of slurry 2206 until 
the mixer 102 is full. The quantity of solution diverted to 
holding tank(s) 2209 and/or other container(s) 2212 is deter 
mined in steps 2210 and 2213. This quantity, along with other 
information about the product, such as the time of delivery, 
chemicals and solvents used, concentration settings, etc. can 
be recorded in data log 2211. 
0.122 The datalog 2211 can be used to keep a record of the 
contents of holding tank(s) 2209 and/or other container(s) 
2212. Also, the data log could be used to keep track of the 
quantity of raw solutes/solvents/chemicals/slurries used. This 
information could be used to facilitate order processing of 
replacement chemicals and Supplies. 
I0123. Although holding tanks and other containers are 
shown in FIG. 22, the solution could be released as part of a 
continuous process. For instance, instead of merely filling a 
discrete number of holding tanks or other containers, the 
Solution could be continuously or nearly-continuously Sup 
plied to any receiving vessel. Such as a line of waiting trucks 
or another process that uses the solution being produced. 
0.124. As noted above, the release of slurry 2206 into 
another vessel is optional. In some instances, it may be advan 
tageous to operate in a winterization mode. In this mode, the 
mixer 102 is located outdoors or in a location where it is 
possible for the ingredients or solution to freeze. The control 
panel may be located either outdoors or indoors. When in 
winterization mode, slurry 2206 may be periodically or con 
tinuously circulated, even if no solvent or solute is being 
added. This may help ensure the Solution is evenly mixed, 
help prevent sediment buildup, and help prevent any part of 
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the slurry or Solution from freezing. The continuous mixing 
also allows conductivity to be more accurately measured 
because the temperature of the solution will be kept more 
uniform, and conductivity measurements are dependent on 
both the concentration of the solute and the temperature. 

Additives 

0.125 FIG. 23 illustrates three possible processes for mix 
ing an additive into the solution produced. In FIG. 23A, the 
volume of the solution is determined in step 2301. From this 
Volume, the volume of the additive needed is calculated in 
step 2302. Alternatively, the volume of the additive can be 
determined first, and the required volume of solution could be 
calculated from the volume of the additive to be used. The 
solution and additive are combined in step 23.03. 
0126 FIG. 23B shows the logic required to automate the 
mixing of an additive to the solution. First, the total volume 
(quantity) of the combination of additive and Solution is 
determined in step 2304. This total volume (for example, the 
quantity) could be, for example, the Volume of the container 
in which the combination will be placed. That container may 
be the same container the solution or additive is in, or it could 
be a third container 2307. If the volume desired is greater than 
the total space available in container 2307 or the container 
where the combination will be placed, as determined in step 
2308, then an alert 2312 will be given. If mixing were to 
proceed, the container would overflow. Alternatively, the vol 
ume of the combination to be produced could be adjusted 
below the desired volume, and, assuming no other reasons for 
an alert are present, the process could proceed. 
0127. The desired volume of the combination of solution 
and additive 2304 can be used to calculate the volume of 
solution needed and the volume of additive needed. If there is 
not enough of either one, as determined in steps 2309 and 
2310, then an alert 2312 must be given. The process could 
optionally proceed by producing a lesser Volume than the 
desired volume 2304. 
0128 Steps 2309 and 2310, which measure the volume of 
the solution or additive, could be carried out by use of a 
pressure transducer. The transducer's sensor would be 
mounted on the bottom of the vessel. The pressure reading 
would be proportional to the weight of the solution or additive 
in the column above the transducer's sensor. The volume 
stored in the vessel could then be calculated using the dimen 
sions of the vessel and the specific gravity of the Solution or 
additive. 
0129. Each of steps 2305, 2306, 2307, 2308, 2309, and 
2310, which are described above, is optional because any one 
of steps 2308, 2309, and 2310 is enough to trigger an alert. 
Alternatively, only some of the above steps may be used in 
situations where one wants to construct a solution making 
system using fewer sensors or steps. If an alert is triggered, 
the process will not be able to produce the desired volume 
2304 regardless of the outcome of the other steps. If, on the 
other hand, there is enough space for the combination, as 
determined in step 2308, and there is enough solution and 
additive, as determined in steps 2309 and 2310, then the 
desired volume of a combination of solution and additive will 
be produced in step 2311. 
0130 FIG. 23C shows a logic that mixes an additive with 
a solution in a continuous process. Unlike in FIGS. 23A and 
23B, a desired volume is not needed. Instead, the solution is 
being released without regard to the final amount to be pro 
duced. The flow rate of the solution is determined in step 
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2313. This can be accomplished in many ways. For example, 
the rate at which the flow of solution turns a turbine could be 
measured. Another technique would be to determine the flow 
rate per a time interval. In this example, a valve being open for 
15 seconds at a flow rate of 4 gallons per minute would result 
in 1 gallon being dispensed. 
0131 Once the flow rate of the solution is known, the flow 
rate of the additive needed to create the desired mixture is 
determined in step 2314. In step 2315, the flow rate of the 
additive is regulated in accordance with the calculation of 
step 2314 in order to produce the desired mixture. Alterna 
tively, the flow rate of the additive could be measured, and the 
flow rate of the solution could be regulated. Or both could be 
regulated in order to achieve a desired flow rate of the final 
combination. A proportional-integral-derivative (PID) cir 
cuit, which is known in the art, could be used to dynamically 
calculate the required flow rate of additive, solution, or both, 
even if the flow rate is not constant. 

Dispensing 

I0132 FIG. 24 illustrates the control logic for filling a 
vessel. Such as a drum or a truck which has pulled into a filling 
station, with the solution produced by the solution maker. The 
vessel may be filled from the tank used to produce the solu 
tion, as in step 2208 of FIG.22, or from a holding tank or other 
container such as the ones in step 2209 and 2212 of FIG. 22. 
The product is placed into the vessel in step 2401 once a fill 
command is received. This could happen once a user presses 
a button or once a truck to be filled has pulled onto a weight 
sensitive loading area. Step 24.02 shows the flow of the prod 
uct being delivered to the vessel being calculated and mea 
sured. As described with reference to FIG. 23, the amount of 
product dispersed, along with any other information about the 
product that may be useful, can be recorded in a data log in 
step 2403. For example, if a truck is being filled, the time and 
amount of product dispersed could be used to send a bill to the 
truck's owner. The product will flow into the vessel to be 
filled, as in step 2404, until the storage vessel is full (step 
2405), a command to stop pumping the product is received 
(step 2506), or there is no more product to deliver due to lack 
of supply or any sort of malfunction (step 2407). Once any of 
the above events are detected, the pumping stops and the 
valves are closed (step 2408). 
(0.133 FIG. 25A illustrates the control logic of another 
aspect of the invention. This control logic could be used to 
dispense a desired quantity of a solution, a mixture (a solution 
with additives), or both. In step 2501, a desired quantity of the 
solution or mixture being produced is determined. The 
desired quantity could be entered by a human operator, or it 
could come from an predefined setting, such as a known size 
of a container to be filled. It could also be determined auto 
matically or be defined by the requirements of a process that 
ultimately uses the Solution or mixture dispensed. 
I0134. In step 2502, the quantity of solution or mixture that 
is already available is determined. If this quantity is equal to 
or greater than the quantity to be dispensed, then the desired 
quantity 2501 is dispensed in step 2506. The volume (or 
another indicator of quantity) dispensed in step 2506 is 
recorded into a log or database in step 2507. This log can be 
used to keep track of a number of aspects of to the machine's 
operation and can be used to automate auxiliary tasks, as 
described above with reference to datalog 2211. In step 2508, 
the quantity dispensed is checked. This could be accom 
plished by measuring the flow rate, determining the Volume of 
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solution or mixture in the vessel into which the solution or 
mixture is being dispensed (if one exists), determining the 
Volume of solution or mixture in the vessel from which the 
Solution is being dispensed, or any other appropriate method. 
If the desired quantity has not yet been dispensed, then the 
dispensing and checking continues. Once the desired quantity 
has been dispensed, then the process is stopped (step 2510). 
0135 When the quantity of solution or mixture available is 
determined in step 2502, it is possible that there is not enough 
Solution or mixture available to dispense the desired quantity. 
In this case, more solution should be produced. If the mate 
rials are available to produce the required solution or mixture 
(step 2504), then that solution or mixture will be created in 
step 2505 and dispensed in step 2506. 
0136. If there are not enough materials available to pro 
duce the amount of solution or mixture required (step 2511), 
then an alert is given in step 2512 and the process is stopped 
(step 2510). 
0137 It is possible for steps 2503 (the solution/mixture is 
available) and 2505 (produce solution/mixture) to occur 
simultaneously: a reserve quantity of Solution or mixture 
could be maintained. The reserve quantity of the solution or 
mixture would always either available or in the process of 
being replenished during normal operation. Operating in this 
manner could increase efficiency by reducing any delay 
between entering a desired quantity and having that quantity 
dispensed. In this case, alert 2512 could be an alert that the 
desired quantity cannot be dispensed, but it could also be an 
alert that the desired reserve level of solution cannot be main 
tained due to lack of materials. 
0138 Finally, while any of the steps described above are 
performed, the machine can monitor its own functions in step 
2513 to detect usage of materials as well as abnormal opera 
tion. If a fault is detected (step 2514), then the machine could 
stop dispensing Solution to ensure safety and/or accuracy. As 
a non-limiting example, a fault could include an unexpectedly 
high or low level of Solution or source materials being 
detected, which would indicate a leak or improper dispensa 
tion. 
0.139. The step of producing a desired solution or mixture 
for dispensation 2505 could include the entire process indi 
cated in FIG. 25A. This could occur if a desired quantity of a 
mixture is to be produced in step 2501. The mixture is a 
combination of an additive and a solution. In step 2505, the 
mixture would be produced by combining solution and addi 
tive. The amount of solution needed to mix with the additive 
could be viewed as the desired quantity 2501. The process of 
dispensing the solution could therefore be included within 
step 2505 of the process of dispensing the mixture. 
0140 FIG.25B is similar to FIG. 25A, but it illustrates that 
having solution or mixture pre-made and available is not 
necessary and does not have to be provided for. In this aspect 
of the invention, the quantities of materials needed to make 
the solution or mixture is checked in step 2515 after the 
desired quantity is entered (step 2501). If there are enough 
materials available to produce the desired quantity (step 
2517), then that quantity is produced (step 2505) and dis 
pensed (step 2506). If there are not enough materials available 
(step 2516), then an alert occurs (step 2512) and the process 
is stopped. The design of FIG.25B could be advantageous in 
situations where having the Solution or mixture pre-made is 
more difficult or costly due to, for example, space constraints. 
0141 Finally, while the tank of the present invention is 
used with a control system that regulates the mixing of chemi 
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cals, the tank can be used separately from the control system, 
and the control system can be used separately from the tank or 
in conjunction with a different tank. 

Chemicals, Solutions, and Solvents 

0.142 Various chemicals, solutions, and solvents may be 
used and created using aspects of the present invention. 
Examples include calcium magnesium acetate, calcium chlo 
ride, magnesium chloride, potassium acetate, potassium for 
mate, Sodium formate, magnesium acetate, diammonium 
phosphate, monoammonium phosphate, urea, ethyl glycol, 
propylene glycol, and other chemicals. 

Modifications 

0143. In various aspects, one or more of the structures, 
systems, methods, and the like may be used in combination 
with others. Further, the structure of the solution maker may 
include additional modifications as follows. First, for 
example, one or more components of the Solution maker may 
be made of a non-plastic material. For instance, grate 142 may 
be made of a non-plastic material, at least in part or in its 
entirety. Similarly, at least one of first container 104 and 
second container 106 may be constructed at least in part of a 
non-plastic material. Plastic has a number of advantages over 
other materials. Nonetheless, plastic materials are not as ben 
eficial as other materials in various situations. For instance, 
plastic materials can become brittle in cold temperatures or 
when exposed to various chemicals or ultraviolet light. In this 
regard, stainless steel, aluminum, or other metals may be 
beneficial to use in various environments. In one example, 
stainless steel has the benefit of being highly corrosion resis 
tant where other materials would corrode. Alternatively, rub 
ber may be used in place of plastic materials to enhance the 
flexibility, resilience, and movement of one or more compo 
nents of the solution maker 100 and/or associated lines. Fur 
ther, one may use concrete or other materials as concrete is 
both durable and cost effective. 

0144. Second, the water inlets to the solution maker 100 
may be simple inlet valves or may be active devices that shift 
the solventfeed spray pattern to more completely dissolve the 
chemicals into solution. For instance, the inlet valves may 
have rotating spray patterns, oscillating spray patterns, and 
any other spray pattern that prevents unwanted buildup of the 
chemical on grate 142. Similarly, the inlet valves for second 
container 106 may similarly be replaced with one or more 
valves that change their spray patterns. 
0145 Third, the mixer 102 may be eliminated and 
replaced with flow control and mixing valves that provide a 
mixing environment so as to allow the various chemicals and 
Solvents to be mixed without the need of a mixing tank. 
0146 Fourth, the solution maker 100 may include a modi 
fied structure as shown in FIG. 26. FIG. 26 shows a first 
portion 2601 and a second portion 2602. Instead of a perme 
able grate, the bottom of first portion 2601 is an impermeable 
layer 2603. A solvent 2609 enters first portion 2601 through 
port 2610. Solvent 2611 next fills portion 2601 as shown as 
volume 2611. It is appreciated that port 2610 may be located 
on any side (including the top and bottom walls) of portion 
2601. 
0147 The top of portion 2602 is a permeable grate 2604. A 
chemical to be dissolved in solvent 2609 may be added 
through one or more sides (or even a top conduit, not shown) 
via pathways 2605 and optionally 2607 in the direction of 
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arrows 2606 and 2608. The chemical to be dissolved accu 
mulates on grate 2604 as show as chemical 2612. The solvent 
2611 next follows conduit 2614 from first portion 2601 into 
2602. The solvent 2611 is next directed up through grate 2604 
or may be sprayed directly between grate 2604 and imperme 
able layer 2603. As chemical 2612 dissolves into solvent 
2611, the mixture passes through grate 2604 as shown by 
solution 2616. The solution 2616 may then be further pro 
cessed as describe herein. 
0148. It is appreciated that chemical 2612 may be a solid 
material, a liquid, or a slurry. For instance, the chemical 2612 
may be a salt, a salt solution, or a liquid chemical (such as 
ethylene glycol or a fertilizer) that is mixed with a solvent 
2611 such as water or other compound into which the chemi 
cal 2612 dissolves. 
0149 Fifth, a further aspect of the mixing system 102 may 
be modified such that no holding tank exists. FIG. 27 shows a 
mixing system 102 that lacks a holding tank. A first Supply 
line 2701 provides a concentrated solution 2703. A second 
supply line 2702 provides a solvent 2704. The concentrated 
Solution 2703 and solvent 2704 are mixed at location 2705. A 
concentration determination is made at location 2706. The 
result of the concentration determination 2706 controls 
diverter 2707 Such that mixed solutions of a desired concen 
tration are fed through diverter port 2708 and output at 2709. 
Concentrations that are too high are fed through diverter port 
2710 and output back to the concentrated supply 2703 using 
optional control valve 2711. Concentrations that are too low 
are fed through diverter port 2712 and output back to the 
concentrated supply 2704 using optional control valve 2713. 
When a mixture has a concentration that is too high, feeding 
the mixture to the concentrated solution 2703 reduces the 
concentration of the mixture at point 2705 because of the 
previously added solvent. The result is a decrease in the 
concentration at point 2705. Similarly, when a mixture has a 
concentration that is too low, feeding the mixture to the Sol 
vent 2704 increases the concentration of the mixture at point 
2705 because of the previously added concentrate 2703. The 
result is an increase in the concentration of the mixture at 
point 2705. 

EMBODIMENTS AND APPLICATIONS 

0150. Aspects of the invention may be used in a variety of 
applications as separated into the following embodiments. 
0151. In a first embodiment, aspects of the invention may 
be used in a corrosive environment such as mixing brine for 
deicing applications. Brine used for deicing is very corrosive. 
Minimizing the number of delicate instruments that contact 
the brine is important. For instance, adding a spinning flow 
meter in the Solution may create severe maintenance prob 
lems due to continuous failure of the flow meter. While one 
may use a flow meter for this caustic environment, the cost of 
the flow meter may be high, thereby making the entire solu 
tion maker more expensive. One benefit of using this type of 
flow meter, however, is that it can provide highly accurate 
measurements of material flowing past it. 
0152. In a second embodiment, aspects of the invention 
may be used in other brining industries that have less caustic 
environments. For instance, aspects of the invention may be 
used in the cheese, beverage, or meat processing industries. 
Here, the food may be dipped in a brine solution that has a 
lower salt level than that of the deicing environment. 
0153. In a third embodiment, aspects of the invention may 
be used in industrial water Supply environments in which 
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large Supplies of water or other liquid chemicals need to be 
mixed before being provided for Subsequent processing or 
use. For example, hospitals, processing plants, energy gen 
eration plants and the like may require large amounts of 
treated water or other materials. Aspects of the present inven 
tion may be used to help mix solutions for these applications. 
0154) In a fourth embodiment, aspects of the present 
invention may be used to mix other chemicals or slurries 
including but not limited to various oils, solutions used in 
water cutting or sand blasting, the production of blended 
fertilizers, and milling and the like. 
0155 Although the present invention has been described 
with reference to embodiments, persons skilled in the art will 
recognize that changes may be made inform and detail with 
out departing from the spirit and scope of the invention. 

1. A solution making system that combines a solvent and a 
chemical comprising: 

a first location that receives said solvent; 
a second location that receives a solution of said solvent 

and said chemical; 
a concentration sensor that outputs a signal; 
a processor that determines a concentration of said solution 

based on said signal; 
a first return path that returns said solution to said first 

location when a concentration of said solution is below 
a desired concentration; 

a second return path that returns said solution to said sec 
ond location when a concentration of said solution is 
above a desired concentration, said second return path 
including an inlet through which additional Solvent is 
added to said solution. 

an outlet that outputs said solution having said desired 
concentration. 

2. The Solution making system according to claim 1, 
wherein said desired concentration is a range of concentra 
tions. 

3. The Solution making system according to claim 1, 
wherein said chemical is solid 

4. The Solution making system according to claim 1, 
wherein said chemical is a slurry. 

5. The solution making system according to claim 1, fur 
ther comprising: 

an additive container holding an additive; 
a mixing location at which said additive is mixed with said 

Solution; 
a processor that determines if said additive and said solu 

tion can be mixed to one of a desired concentration and 
desired Volume and controls a mixing of said additive 
and said solution to create at least one of said desired 
concentration and said desired Volume. 

6. The solution making system according to claim 5, fur 
ther comprising: 

a sensor associated with said additive container, said sensor 
outputting a signal; 

wherein said processor uses said signal to determine a 
Volume of additive in said additive container. 

7. The solution making system according to claim 5, fur 
ther comprising: 

a sensor associated with a solution container holding said 
Solution, said sensor outputting a signal; 

wherein said processor uses said signal to determine a 
Volume of solution in said solution container. 
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8. The solution making system according to claim 5, fur 
ther comprising: 

a sensor associated with an output container, said sensor 
outputting a signal; 

wherein said processor uses said signal to determine an 
available volume in said output container to hold the 
output mixture of said solution and said additive. 

9. The solution making system according to claim 5, fur 
ther comprising: 

a sensor that outputs a signal to said processor, 
wherein said processor uses said signal for said determi 

nation. 
10. The Solution making system according to claim 1, 

wherein said concentration sensor is a conductivity sensor. 
11. The Solution making system according to claim 1, 

wherein said concentration sensor is a specific gravity sensor. 
12. The Solution making system according to claim 1, 

wherein said concentration sensor is a refractometer sensor. 
13. The Solution making system according to claim 1, 

further comprising an opening at said first location that 
receives said chemical. 

14. The Solution making system according to claim 1, 
further comprising an opening at said second location that 
receives said chemical. 

15. The Solution making system according to claim 1, 
further comprising a cleanout. 

16. The Solution making system according to claim 1, 
wherein said solution making system lacks a cleanout. 

17. An additive addition system comprising: 
a mixing location where at least one solute is dissolved into 

at least one solvent; 
a first path that returns said solution to said mixing loca 

tion; 
a second path that returns said solution and additional 

Solvent to said mixing location; 
an additive mixing location with a sensor, said sensor 

determining whether a desired concentration of an addi 
tive and solution mixture is possible; 

an output from said additive mixing location that outputs a 
desired concentration of said additive and solution mix 
ture. 

18. The additive addition system according to claim 17, 
wherein said desired concentration is a range. 

19. The additive addition system according to claim 17, 
wherein said sensor is a pressure sensor. 

20. The additive addition system according to claim 17, 
further comprising: 

a processor with an input that receives desired quantity of 
an additive and solution mixture, said processor deter 
mining if a Volume in an additive mixing location is 
enough for said desired quantity of additive and Solution 
mixture, said processor outputting an alert signal when 
said mixing location lacks available Volume for desired 
quantity of additive and solution mixture. 

21. The additive addition system according to claim 17, 
further comprising: 

a processor with input that receives a desired quantity of an 
additive and solution mixture, said processor determin 
ing if an amount of available additive is enough for said 
desired quantity of said additive and solution mixture, 
said processor outputting an alert signal if said additive 
is not sufficient for said desired quantity of additive and 
Solution mixture. 
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22. The additive addition system according to claim 17, 
further comprising: 

processor with input that receives desired quantity of addi 
tive and Solution mixture, said processor determining if 
an amount of available solution is enough for said 
desired quantity of additive and solution mixture, said 
processor outputting an alert signal if solution is not 
sufficient for desired quantity of additive and solution 
mixture. 

23. The additive addition system according to claim 17, 
wherein said first pathway is used when said solution mixture 
is below a desired concentration. 

24. The additive addition system according to claim 17, 
wherein said first pathway is used when said solution mixture 
is above a desired concentration. 

25. The additive addition system according to claim 17, 
wherein at least one of said first pathway and said second 
pathway receives a continuous flow of said solution. 

26. The additive addition system according to claim 17, 
further comprising a cleanout at the mixing location. 

27. An additive addition system comprising: 
a feed Supplying a solution mixture; 
an additive mixing location with a sensor, said sensor deter 

mining whether a desired concentration of an additive 
and said solution mixture is possible; 

an output from said additive mixing location that outputs a 
desired concentration of said additive and Solution mix 
ture. 

28. The additive addition system according to claim 27, 
wherein said desired concentration is a range. 

29. The additive addition system according to claim 27, 
wherein said sensor is a pressure sensor. 

30. The additive addition system according to claim 27, 
further comprising: 

a processor with an input that receives desired quantity of 
an additive and Solution mixture, said processor deter 
mining if a Volume in an additive mixing location is 
enough for said desired quantity of additive and solution 
mixture, said processor outputting an alert signal when 
said mixing location lacks available Volume for desired 
quantity of additive and solution mixture. 

31. The additive addition system according to claim 27, 
further comprising: 

a processor with input that receives a desired quantity of an 
additive and solution mixture, said processor determin 
ing if an amount of available additive is enough for said 
desired quantity of said additive and solution mixture, 
said processor outputting an alert signal if said additive 
is not sufficient for said desired quantity of additive and 
Solution mixture. 

32. The additive addition system according to claim 27, 
further comprising: 

processor with input that receives desired quantity of addi 
tive and Solution mixture, said processor determining if 
an amount of available solution is enough for said 
desired quantity of additive and solution mixture, said 
processor outputting an alert signal if solution is not 
sufficient for desired quantity of additive and solution 
mixture. 


