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AESTRACT

A method and apparatus for controlling the pH of a
water stream using carbon dioxide, in which carbon
dioxide at a selected pressure and flow rate is mixed

5 with a carrier water, also at a selected pressure and
flow rate, and the carbon dioxide-carrier water mixture
ig injected into the water stream, which is at a lower
pressure, thus allowing the carbon dioxide to come out
of the solution, contact the water stream ang

10 correspondingly adjust the pH of th@ water stream.
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PRESSURIZED SOLUTION FEED SYSTEM FOR PH CONTROL
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Zechnical Fleld

This invention relates generally to the field of

treating potable or waste water so as to reduce the pH

1.

cf the water, and relates more specifically teo a method
and apparatus for injecting carbon dioxide into potable
or waste water having a high pH level 30 as to reduce
the pH cf the water,

2. Rricer Art

During its treatment phase, potable or waste water
may have a high pH level, high being any pH over a pH of
9, Such a pH is unacceptable for a final, treated water
product and this pH must be reduced prior to allowing
the treated water into general use. For example, most
water treatment plants are required to maintain an
effluent pH of between € and 9, Therefore, any water
being treated having & pH of higher than about 9 should
have its pH lowered before leaving the plant.

One method for treating water so as to lower its pH
is to inject carbon dioxide gas into the water. Several
methods currently are used to inject the carbon dioxide
into the water. The most accepted method is to inject
the carbon dioxide into the water by a direct gas feed
through some type of diffusion system in a recarbonation
basin; in effect, a bubbler. A mechanical mixing means
can be used in combination with this method for better
efficiency. Another method for injecting carbon dioxide
inte water iz to aspiralte the carbon dioxide into a
stream of water using a venturi type educter. In this
method, the carbon dicxide is injected into the stream
of water and carried along with the stream of water to a
grid system located in a basin or & pipeline.

Both the direct gas feed method and the wventuri
method of injecting carbon dioxide gasiinto water allow
for the control of the pH and the stabilization of the
treated water. However, 1t is difficult to control the

efficiency of the carbon dioxide gas usage. Both of
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these proceasses require the use of a relatively large
contact basin, a relatively long contact time or large
amount of carrier water, all of which inherently are
inefficient. Therefore, the need exists for a system

> for injecting carbon dioxide into water to contrel the
pH of the water which has a greater efficiency per unit
of carbon dioxide used using either less carbon dioxide
or less components. A direct carbon dioxide injection
method and apparatus in which the amount of carbon

10 dioxide injected into the water stream is controlled,
and the elimination ©f the recarbonation basin would
satisfy this need, and result in increased efficiency
and lower cost. It 18 to this need that the present
invention is directed,

15 3 b JMM AN Lk 1] NV EIN 1 C)IN

The present invention takes carbon dioxide gas at
an elevated pressure and injecte this gas into carrier
walter, also at an elevated pressure. The carrier water-
carbon dioxide sclution, still at an elevated pressure,

20 then 1is injected into the water to be treated, which
typically is at atmespheric pressure, through a unigue
diffuser system. As the pressurized carrier water-
carbon dioxide solution is injected into the water to be
treated, the carbon dicxide expands due to the lower

25 pressure of the water to be treated and the excess
carbon dioxide bursts forth out of solution as minute
bubbles released into the main stream of water. The
carbon dioxide bubbles mix rapidly with the main stream
cf water, thus reducing the pH of the main stream of

30 water. In most cases, 95% of the chemical reaction
between the main stream of water and the carbon dioxide
gas 4is immediate, thus eliminating the need for a
recarbonation basin or an extended contact area or
contact time.

35 The apparatus comprises means for injecting the
elevated pressure carbon dioxide gas into the elevated
pressure carrier water. The carxier water-carbon
dioxide solution then passes through in-line static
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mixing means for further mixing. After the static
mixing wmeans, a sexypentine pipe system means is
provided, allowing additional contact time between the
injected carbon dioxide and the carrier water stream,.
The carrier water-carbon dioxide solution then 1is
injected into the main water stream through a diffuser,
This diffuser is designed to maintain system pressure,
thus forcing the C07 gas to remain in the carriex water
golution. The super saturated water-CO; solution
mixture then passes through the diffuser into the main
stream of water., At this moment, excess CO0; gas is
released as an effervescence, immediately being absorbed
in the main stream water. The diffuser i1s also designed
to enhance mixing ¢f the two solutions.

The preferred solution injector 1is triangular,
prismatic, and preferrably somewhat concave on two
sides, and is inserted normal to the direction of flow
of the water stream. ©One triangular end cf the diffuser
connects to an inlet feed-line for the saturatead
solution, while the second triangular end is solid. Two
of the rectangular sides ¢©f the diffuser have a
plurality of  small holes therethrough allowing
communication between the interior of the diffuser and
the water stream. The vertex of two sides faces
upstream and the third side faces downstream relative Lo
the direction of flow of the water.

The saturated solution of elevated pressure is fed
to the diffuser through a feed-line. The pressurized
solution, upon encountering the lower pressure water
stream, e€eguilibrates. At this precise moment, the
excess COp gas in the carxier water bursts forth in the
form of minute CO,; gas bubbles.

As the wvertex of the two sides o©of the diffuser
faces upstream, two sides of the diffuser effectively
are in the flow path of the water stream. 'This, along
with the wvelocity at which the saturated carrier water
solution exits the gJdiffuser assembly, allows for
effective mixing and greater contact time between the
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lower pH carrier water, expanded CO; gas and the main water stream. The positioning
of the third side of the diffuser, facing downstream, creates a vortex in the main water
stream flow, thus allowing additional mixing.

Accordingly, it is an object of the present invention to provide a solution feed
system for injecting carbon dioxide into a water stream for controlling the pH of the
water stream.

It is another object of the present invention to provide a solution feed system in
which recarbonation basins and/or extended contact areas or times are unnecessary.

Another object of the present invention is to provide a solution feed system in
which elevated pressure carbon dioxide first is mixed with elevated pressure carrier
water, and the elevated pressure carrier water-carbon dioxide solution then is injected
into the water to be treated.

Still another object of the present invention is to provide a solution feed system
in which carbon dioxide mixes almost immediately with the water to be treated, thus
reducing the overall contact time needed between the carbon dioxide and the water to
be treated.

It is yet a further object of the present invention to provide a solution feed
system which can be operated continuously and eliminates the need for a batch
treatment apparatus.

Another object of the present invention is to provide a solution feed system for
controlling the pH of a water stream which is efficient in operation, simple in
construction and manufacture, and easy to operate.

In one aspect of the present invention, there is provided a continuous-
flow method for introducing a pressurized solution feed into a liquid stream flowing
through a pipe for controlling the pH of the liquid stream, comprising the steps of
providing a gas comprising carbon dioxide at a first pressure from about 30 to about
300 psig; providing a first liquid comprising water at a second pressure which is a
minimum of 50 psig; mixing said gas with said first liquid to form a supersaturated
carbon dioxide-water solution at a third pressure and having a first pH; providing said
liquid stream comprising a second liquid at a pressure less than said first, second and
third pressures and having a second pH greater than said first pH; maintaining said

solution at said third pressure until introduced into said liquid stream; and introducing
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said solution continuously into said liquid stream, releasing excess carbon dioxide from
said solution into said liquid stream, to reduce the pH of said liquid stream.

In another aspect of the present invention, there is provided a
continuous-flow method for controlling the pH of a water stream flowing through a
pipe, comprising the steps of providing a first quantity of a gas comprising carbon
dioxide at a first pressure from about 30 to about 300 psig; providing a second quantity
of a carrier liquid comprising water at a second pressure which 1s a minimum of 50
psig; mixing said gas with said carrier liquid to form a supersaturated carbon dioxide-
water solution at a third pressure and having a first pH lower than the pH of said water
stream; maintaining said solution at said third pressure until introduced into said water
stream; and introducing said solution continuously into said water stream, thus reducing
the pH of said water stream by adjusting said first quantity and said second quantity.

In a further aspect of the present invention, there 1s provided an apparatus for
introducing a gas comprising carbon dioxide into a liquid stream flowing through a
pipe to reduce the pH of said liquid stream, comprising means for providing said gas at
a first flow rate and a first pressure from about 30 to about 300 psig; means for
providing a carrier liquid comprising water at a second flow rate and a second pressure
which is a minimum of 50 pisg; means for mixing said gas and said liquid at an
elevated pressure greater than the pressure of said liquid stream to form a
supersaturated carbon dioxide-water solution; means for maintaining said solution at
said elevated pressure until introduced into said liquid stream; and diffusion means
inserted into said pipe for introducing said solution continuously into said lhquid
stream, releasing excess carbon dioxide from said solution into said liquid stream,
wherein said diffusion means comprises a solution inlet means and a diffuser means,
sald diffuser means comprising a generally hollow interior and generally solid walls,
said walls comprising a plurality of holes therethrough allowing communication
between said interior and the exterior.

In yet a further aspect of the present invention, there is provided an apparatus
for reducing the pH of a water stream flowing through a pipe, comprising means for
providing a continuous flow of a gas comprising carbon dioxide at a first flow rate and
a first pressure from about 30 to about 300 psig; means for adjusting said first flow rate

and means for adjusting said first pressure; means for providing a liquid comprising

water at a second flow rate and a second pressure which is a minimum of 50 psig;
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means for adjusting said second flow rate and means for adjusting said second pressure;
means for mixing said gas and liquid to form a supersaturated carbon dioxide-water
solution at a third pressure and having a first pH; means for providing said water stream
at a pressure less than said first and third pressures and having a second pH greater than
said first pH; means for maintaining said solution at said third pressure until introduced
into said water stream; and diffusion means inserted into said pipe for introducing said
solution continuously into said water stream, releasing excess carbon dioxide from said
solution into said water stream to reduce the pH of said water stream, wherein said
diffusion means comprises a solution inlet means and a diffuser means, said diffuser
means comprising a generally hollow interior and generally solid walls, said walls
comprising a plurality of holes therethrough allowing communication between said
interior and the exterior.

In still another aspect of the present invention, there 1s provided a system for
reducing the pH of a water stream flowing through a pipe, comprising means for
storing a gas comprising carbon dioxide at a selected temperature and pressure from
about 30 to about 300 psig; means for continuously supplying said gas at a selected
flow rate and pressure; means for supplying a liquid comprising water at a selected
flow rate and pressure which is a minimum of 50 psig; means for introducing said gas
into said liquid; means for mixing said gas with said liquid to form a supersaturated
carbon dioxide-water solution; means for maintaining said solution at a pressure greater
than that of said water stream until introduced into said water stream; and diffusion
means inserted into said pipe for continuously introducing said solution into a water
system, thereby releasing excess carbon dioxide from said solution into said water
stream to reduce the pH of said water stream, wherein said diffusion means comprises a
solution inlet means and a diffuser means, said diffuser means comprising a generally
hollow interior and generally solid walls, said walls comprising a plurality of holes
therethrough allowing communicating between said interior and the exterior.

These objects, and other objects, features, aspects and advantages of the present
invention, are described in the following Detailed Description of a Preferred

Embodiment and the appended figures, in which like reference characters represent like

parts throughout the several views.
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Fig. 1 is a schematic of the entire solution feed
system of the present invention;

Fig. 2 is a side view of the injection apparatus of
the present invention; |

Fig. 3 is a side view ©f the preferred injector
used in the present invention; and

Fig. 4 is a cross-section of the preferred injector
shown in Fig. 3, taken along 4'-4'. '

DETAILED DESCRIPTION OF A PREFERRED EMBODIMEN

Referring now to Fig. 1, a general schematic of the
entire solution feed system is shown. In general, the
solution feed system comprises a caryrier water-carbon
dioxide solution c¢reation means 50, also called the

control panel and shown in greater detail in Fig. 2, a

carbon dioxide supply means 60, and an injector means
70 . The various ceomponents 50, 60, 70 are connected
using standard piping 35.

The carbon dioxide supply means 60 comprises a
liquid carbon dioxide storage tank 1 in which liguid
carbon dioxide 18 stored until needed. The liquad
carbon dioxide is kept at a temperature cool enough to
remain ligquid by refrigeration umit 2. Vaporizer liqguid
igolation valve 4 allows liquid carbon dioxide to be
admitted to a carbon dioxide vaperizer 3 to vaporize the
carbon dioxide, Vaporizer vapor isolation valve 5
allows the wvaporized carbon dioxide to be admitted to
the top of the liquid carbon dioxide storage tank 1.

Wwhen running the solution feed system of the
present invention, vaporized carbon dioxide from liquid
carbon dioxide storage tank 1 is admitted to a carbon
dioxide vapor heater 8 through vapor process isolation
valve 7. Within the carbon dioxide vapor heater 8, the
vaporized carbon dioxide is heated to an appropriate
temperature. A primary pressure regulatory 10 maintains
the carbon dioxide at the desired pressure before the
carbon dioxide is admitted to the carrier water-carbon
dioxide solution creation means ox control panel 50. A
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line pressure relief valve 9 is included in the pressure
regulator line for safety purposes. A pressure gauge
12, separated from the pressure regulator line by gauge
isolation valve 11, allows visual c¢hecking o¢f the
pressure of the carbon dioxide vapor. The carbon
dioxide then travels through piping 35 to carxier water-
carbon dioxide solution creation means ory control panel

50,
The carrier water-carbon dioxide creztion means or

control panel 50 comprises the components forxr creating
the desired solution of carbon dioxide gas in carrier
water. The carbon dioxide is admitted to the control
panel 50 through control panel isclation valve 13. The
carbon dioxide then is strained in carbon dioxide
strainer 14 to remove any debris, and is maintained or
brought to the proper desired pressure using secondary
pressure regulator 15. A pressure gauge 17, separated
from the carbon dioxide feed line by gauge isolation
valve 16, allows visual checking of the pressure of the
carbon dioxide. A line safety release valve 18 is placed
on the feed line for safety purposes. At this point,
the feed of the carbon dioxide is diverted to one of two
lines: either the automatic flow control line comprising
automatic control valve 21, or the manual flow control
line, comprising manual VAREA-meter 22.

The preferred path i1is the automatic flow contreol
line which allows automatic flow control ©f the carbon
dioxide feed. The carbon dioxide is admitted to the
automatic flow control line via an isolatiocn valve 20.
The flow is zregulated using an automatic flow control
valve 21, which previously has been set at the desired
flow rate, and/or which can be adjusted - continucusly
based on the pH of the treated watex, as discussed in
more detail below. Any typical automatic flow control
valve can be used and in the present example, a Badger
Controls one-half inch 807 8.5. valve with "E" trim
connected with an EVA-1 actuator is used. The carbon
dioxide flow is measured by a flow indicatox/transmitter

-6 -
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19, Any suitable flow indicator/transmitter can be
used, and in this example, a Foxboro 823DP flow
indicator/transmitter is used. The carbon dioxide flow
then continues through a second isolation valve 20.
Altexrnatively, the carkbon dioxide Iflow can be
manually maintained. The automatic flow control line is
closed off using an iscolation valve 20 while a second
isolation wvalve 20 allows the carbon dioxide feed to

enter the manual flow control feed line. The carbon
dioxide passes through a VAREA-meter™ 22 to measure its
flow rate. Although any VAREA-meter oxr other gas flow
measurement meter c¢an be usged, ‘a Wallace & Tiernan
5210B12208BB406SX VAREA-meter is used in this axample.
The flow through the manual flow control 1line is
regulated wusing a manual flow control valve 24.
Typically, a one-half inch needle valve is employed.
Prior to encountering the manual flow control valve 24,
the carbon dioxide 18 sent through a one-half inch
orifice union. The carbon dicxide then continues along
the feed path,

After exiting eithexr the automatic flow control
line or the manual flow control line, the carbon dioxide
is mixed with carrier water C to obtain a carrier water
feed solution or mixture having an excess ©f carbon

dioxide gas. The carrier water C is supplied to the
contrel panel 50 undex pressure through a water
pressure/flow regulator 27. The pressurized carrier

water C is prevented from back flowing into the carrier
water C feed line by a water back flow preventor 28.
The carbon dioxide feed, also under pressure, is
injecteqd irnto the pressurized caryier water C through an
injector 80.

Typically, a ratio of approximately 60 gallons of
carrier water C pexr pound of carbon dioxide gas is used
and p:&eferred. The carrier water C is pressurized to a
minimum of 50 psig. The carbon dioxide typically 1is
supplied to the caxrier water C at between 60 and 75

psig. In general, the present invention is designed to

.7 -
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allow flow rates of carbon dioxide of from about 5 to 2000 pounds per hour. However,
carbon dioxide can be supplied to the carrier water C at a pressure of anywhere
between about 30 and 300 psig, and a flow rate of anywhere between about 5 and 5000
pounds per hour. The system is designed to handle flow rates of carrier water C of
approximately 100 gallons per minute at 50 psig, but can be altered to handle flow rates
of carrier water C of anywhere between about 25 and 2000 gallons per minute at a
pressure of anywhere between about 50 and 150 psig. The quantity of gas comprising
carbon dioxide may be between about 0.1 pound per unit of time and about 10 pounds
per unit of time or may be between about 0.5 pounds per unit of time and 5 pounds per
unit of time. The quantity of carrier liquid comprising water may be between about 5.0
gallons per unit of time and about 120 gallons per unit of time or may be between about
30 gallons per unit of time and about 90 gallons per unit of time. Furthermore, the ratio
of gas comprising carbon dioxide to carrier liquid comprising water may be from about
0.5 to about 2.0 pounds per unit of time to about 40 to about 80 gallons per unit of time
or may be about 1.0 pound per unit of time to about 60 gallons per unit of time.

After the carbon dioxide has been injected into the carrier water C, the carbon
dioxide laden carrier water is subjected to mixing operations to achieve a better
uniformity of the carbon dioxide in solution in the carrier water C. The carbon dioxide
laden carrier water first flows through a static mixer 32 for initial mixing of the carrier
water-carbon dioxide solution. The staﬁc mixer 32 typically 1s 1solated from the flow
line by ball valves 31. In the preferred embodiment shown in Figs. 1 and 2, parallel
static mixers 32 are used, either of which can be used separately or in combination with
cach other. The pressure of the carrier water-carbon dioxide water solution i1s measured
at various points along the flow line by pressure gauges 30 separated from the flow line
by gauge i1solation valves 29. After leaving the static mixer 32, the carrier water-carbon
dioxide solution flows along a serpentine pipe system 34 to allow additional mixing
and retention time.

An isometric detail view of a typical control panel 50 is shown in Fig. 2. These
components can be configured as shown in Fig. 2 so as to result in a stand alone control
panel 50 ready for use in a turn-key operation.

The carrier water-carbon dioxide solution exits the control panel 50 and is

supplied to the diffusion means 70 through piping 35. Diffusion means 70 is inserted
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intoe pipe 36 which carries the water W to be treated.
As discussed in more detail below, the water W to be
treated travels through pipe 36 and past the diffusion
means 70, which allows the carrier water-carbon dioxide
solution to diffuse into the water W to be treated.
Referring now to Figs. 3 and 4, the diffusion means
70 is shown in more detail. The diffusion means 70
comprises diffuser 71, inlet piping 72, flange 73, and
connector pipe 74. Connector pipe 74 attaches to the
piping 35 and allews the carrier water-carbon dioxide
solution to enter the diffusion means 70. Flange 73
aliows the diffusion means 70 to be secured, as
necessary, to support means (not shown). Inlet piping
72 provides access to the carrier water-carbon dioxide
solution to the diffuser 71. |
Diffuser 71 typically is a triangular prismatic
structure which is inserted into pipe 38 such that the
prism axis, which is roughly parallel to the inlet pipe
72 axis, 1s normal to the pipe 36 axis, and normal tc

the direction of flow of the water W to be treated. The

carriex water-carbon dioxide soluticon is injected into
the center or intericr 76 of diffuser 71. The carrxier
water-carbon dioxide solution is under higher pressure
than the water W to be treated, suchk that when the
carriexr water-carbon dioxide solution is injected into
the interior 76 of the diffuers 71, the higher pressure
of the carrier water-carbon dicxide is maintained within

the difuser. The diffuser is designed to maintain
system pressure until the solution passes through a
plurality of small holes on two rectangular sides, 83,
84 . The pressure drop caused by the carrier water-
carbon dioxide solution being forced through the
plurality of small holes forces excess CO, gas from the
carrier water-carbon dioxide solution. This excess COs
gas bursts foxrth as an effervescence mixing with the
water to be treated, thus reducing the pH. The velocity
cf the saturated sclution water pasgsing through small
diffuser hoies, along with the relecase of excess carbon
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dioxide gas at the same time, causes tremendous mixX1ing

and 1immediate c¢hemical reaction with the main water
stream.

The preferred solution injector is a triangular
prismatic diffuser 71 which is inserted nermal (o the
direction of flow of the water stream W. One triangulax
end 81 of the diffuser connects to an inlet feed line 72
for the solution, while the second triangular end 82 is
solid. Two of the three rectangular sides 83, &4 of the
diffuser 71 have a Jurality of small holes 75
therethrough zllowing communication between the interior
76 of the diffuser 71 and the water stream W, The
vextex c¢f two sides 83, 84 faces upstream and the third
side 85 faces- downstream relative to the direction of
flow of the water stream W. |

The solution, at elevated pressure, is fed to the
diffuser 71 through a feed line 35. The pressurized
solution, upon encountering the lower pressure water
stream W, equilibrates. Carbon dioxide in the mixture
thus expands and comes out of the solution as a gas. As
the vertex of two sides 83, 84 ¢of the diffuser 71 faces
upstream, two sides 83, 84 of the diffuser 71
gffectively are in the flow path of the water stream W,
allowing greater contact between the carbon dioxide gas
and the water stream W. The positioning of the third
side 85 of the diffuser 71, facing downstream, creates a
vortex in the water stxeam W flew, thus allowing
additional mixing.

The system of the present invention takes carbon
dioxide gas at an elevated pressure and injects this gas
into a carriexr water C, also at an elevated pressure,
The amount of carbon dioxide which can be mixed with
watery at various temperatures and pressures 15 known.
For example, the volume of carbeon dioxide which can
dissolve in one volume of water is shown in Table I.

- 10 -
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TABLE I
VOLUMES OF CARBON DIOXIDE DISSOLVED IN ONE VOLUME OF
WATER
creggure, palg (kKPa)

dJemperature
SF/cC QL0) 20€138) 40(276) £0(414) 90(621) 100(EB9)
32/0 1.71 4.0 6.3 8.6 10.85 13.4
40/4.4 1.45 3.4 5.3 7.3 9,2 11.3
§0/15.6 1.00 2.3 3.7 5.0 6.3 7.8
80/26.7 0.73 1.7 2.7 3.6 4.6 5.7
100/37.8 0.56 1.3 2.0 2.8 3.5 4.3

Although any ratio of carbon dioxide to carrier
water C allowable under the 1laws o©of nature is
appropriate, it has been found that by wusing
approximately 60 gallons ¢of carrier water C per pound of
carbon dioxide gas, a carrier water having a pH of about
5 which contains excess carbon dioxide gas under
pressure is created. When this preferred solution is
injected intec the water W to be treated through the
diffuger 71, the excess carbon dioxide gas immediately
comes out of solution in the form of minute bubbles.,
These bubbles are releasced into the main stream of water
W to be treated, and mixes along with the low pH carrier
water C with the water to be treated, thus reducing the
pH of the water W to be treated.

The solution feed system ¢©f the present invention
allows accurate control of the pH of water to be treated
at a desired level through a process in which the water
W to be treated also is stabilized at the desired pH in
a very short period of time. Typically. conventicnal
prior art and accepted practice allows for a 20 to 30
minute retention time after adding the carbon dioxide in
which the water to be treated stabilizes at the desired
PH. In the present system, apprcximately 95% of the
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chemical reaction between the water to be treated and
the carbon dioxide gas is immediate. Thug, very short
retention times on the order of less than 7 minutes, and
typically between about 20 seconds and about 30 seconds,
are required to adjust the pH and stabilize the water W
to be treated using the present system.

In operation, carrier water C at the rate of
approximately 60 gallons per minute minimum for every
pound of carbon dioxide gas to be used is supplied to
the contxol panel §0. The c¢arrier watey C may be
clarifier water, raw water, finished water orxr any
reagonably clean water supply available. The carrier
water C is pumped up te a minimum of 50 psig. As the
high pressure carrier water C 1s introduced to the
control panels 50, carbon dioxide gas is injected intb
the carrier water € through a fine bubble diffuser 80,
The carrier water-carbon dioxide mixture then passes
through in-line static mixers 32 for further mixing.
After the static wmixers 32, the c¢arrier water-carbon
dioxide solution passes around a serpentine pipe system
34 which provides additional contact time, The carrier
water-carbon dioxide solution then travels through
piping 35 for distribution to the diffusion means 70.

The diffuser 71 has its triangular prismatic shape
to allow the injection of the carrier water-carbon
dioxide solution into the water W to be treated against
the flow of the main stream, and to create a vortex
around and behind the diffuser 71, that is downstream cf
the water W to be treated, which helps the carrier
water-carbon dioxide solution mix into the main stream
of the water W to be treated. The injection of the
carrier water-carbon dioxide solution typically occurs
anywhere from 3 to 7 minutes before the final filter or
effluent of the water W to ke treated.

The following Examples illustrate the efficacy of

the present system:

- 12 -

e gawipicfiling\patent\appicin\gi0002 78.pilo
{Tomee « LPresurized Soiution Fead Sysiem



Tl

10

15

20

DEVEALU, COLTONRMARGUIS 1L

T AN4ARTEZS03 JRN 15 Y

The present system was used to treat a clarifier
effluent. The incoming pH of the clarifier effluent was
10.3. The carxrier water used was clarifier water, into
which carbon dioxide was fed at the rate of 4.5 standard
cubic feet per minute per 95 gallons per minute of
carrier water, or approxXimately one-half pound of carbon
dioxide per 95 gallons of carrier water. The carbon
dioxide-caxrier water solution was added at 50 psig to
the open pipeline at the clarifier effluent. The depth

of the effluent trough was about 5 feet. There was
about 4 minutes detention time in the open pipeline
before the treated water arrived at the filtexrs. 1.2

millions gallons 'of water were treated, The pH of the
clarifier effluent treated with the carxbon dioxide;
carrier water solution averaged 8.4. The theoretical
carbon dioxide requirement forxr this amount of water was
304 pounds per million gallons using an 85% efficiency
rate. Only 275 total pounds of carbon dioxide were used
during this test, vresulting in a carbon dioxide
requirement of about 230 pounds per millicn gallons.
The stability of the treated water was very good.
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Example 2

The present system was used to treat a stream of
waste water. The waste water flow rate wag between 200

to 500 gallons per minute. The incoming pH of the waste

water was 10.5. 1 pound of carbon dioxide per 35

gallons of carrier water was needed to maintain a final
PH ¢f 8.8 in the treated water.

Exaxple 3
The present system was used to treat a combination
effluent, Thne major component of the effluent was a

mill effluent of 16 million gallons per day having a pPH
of 10.8. A bleach plant effluent of 8.5 million gallons
per day was added to the mill effluent in a mixing
chamber 'which, at times, brings the pH of the effluent
mixtuxe down to about 2.5, The effluent temperature was
115°*F in the summer and 105°F in the winter. 5.0
standard cubic feet (about 0.55 poundg) of carbon
dioxide in 90 gallons of carrier water was able to

maintain the pH o¢f the treated effluent stream.
Retention time was approximately 3 minutes,

Example 4
The present system was used to treat the influent
to a plant. It was desired to reduce the pH of the

influent water from 7.3 to a pH of 5.9 to 6.0. The
influent flow rate was approximately 3.9 million gallons
per day. Theorxetical calculations indicated that 650
pounds of carbon dioxide per million gallons of influent
were needed to accomplish this pH. A carbon dioxide-

‘carrier water solution containing 1.5 pounds of carbon

dioxide per 95 gallons. of water was supplied to the
influent at 60 psig, and was able to wmaintain the
desired pH. The retention time of the pipe after the
injection of the carbcon dioxide-carriexr water solution
was approximately 10 seconds.

The above detailed description of a preferred
embodiment and examples are for illustrative purposes
cnly and are not intended to limit the scope and spirit
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of the invention or its equivalents as defined 1in the

following Claims.
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WHAT IS CLAIMED:

1. A continuous-flow method for introducing a pressurized solution feed
into a liquid stream flowing through a pipe for controlling the pH of the liquid stream,
comprising the steps of:

a. providing a gas comprising carbon dioxide at a first pressure from
about 30 to about 300 psig;

b. providing a first liquid comprising water at a second pressure which
is a minimum of 50 psig;

c. mixing said gas with said first liquid to form a supersaturated carbon
dioxide-water solution at a third pressure and having a first pH;

d. providing said liquid stream comprising a second liquid at a pressure
less than said first, second and third pressures and having a second pH greater
than said first pH;

e. maintaining said solution at said third pressure until introduced into
said liquid stream; and

f. introducing said solution continuously into said liquid stream,
releasing excess carbon dioxide from said solution into said liquid stream, to

reduce the pH of said liquid stream.

2. The method as claimed in claim 1, wherein said first pressure is from

about 75 psig to about 150 psig and said second pressure is greater than 50 psig.

3. A continuous-flow method for controlling the pH of a water stream
flowing through a pipe, comprising the steps of:

a. providing a first quantity of a gas comprising carbon dioxide at a first
pressure from about 30 to about 300 psig;

b. providing a second quantity of a carrier liquid comprising water at a
second pressure which is a minimum of 50 psig;

c. mixing said gas with said carrier liquid to form a supersaturated
carbon dioxide-water solution at a third pressure and having a first pH lower

than the pH of said water stream;

- 16 -
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d. maintaining said solution at said third pressure until introduced into
sald water stream; and

e. introducing said solution continuously into said water stream, thus
reducing the pH of said water stream by adjusting said first quantity and said

second quantity.

4. The method as claimed in claim 3, wherein said first quantity is from
about 5 to about 5000 pounds per hour of carbon dioxide, and said second quantity is

from about 5235 to about 2000 gallons per minute of carrier liquid.

5. The method as claimed in claim 4, wherein said first quantity is from
about 0.5 pounds per unit of time to 5 pounds per unit of time of carbon dioxide, and
said second quantity 1s from about 30 gallons per unit of time to about 90 gallons per

unit of time of carrier liquid.

6. The method as claimed in claim 3, wherein the ratio of said first quantity
to said second quantity is from about 0.5 to about 2.0 pounds per unit of time to about

40 to about 80 gallons per unit of time.

7. The method as claimed in claim 3, wherein the ratio of said first quantity

to said second quantity 1s about 1.0 pound to about 60 gallons.

8. An apparatus for introducing a gas comprising carbon dioxide into a
liquid stream flowing through a pipe to reduce the pH of said liquid stream,
comprising:

a. means for providing said gas at a first flow rate and a first pressure
from about 30 to about 300 psig;

b. means for providing a carrier liquid comprising water at a second
flow rate and a second pressure which is a minimum of 50 pisg;

c. means for mixing said gas and said liquid at an elevated pressure

greater than the pressure of said liquid stream to form a supersaturated carbon

dioxide-water solution;
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d. means for maintaining said solution at said elevated pressure until
introduced 1nto said liquid stream; and

e. diffusion means inserted into said pipe for introducing said solution
continuously into said liquid stream, releasing excess carbon dioxide from said
solution into said liquid stream, wherein said diffusion means comprises a
solution inlet means and a diffuser means, said diffuser means comprising a
generally hollow interior and generally solid walls, said walls comprising a

plurality of holes therethrough allowing communication between said interior

and the exterior.

9. The apparatus as claimed 1n claim 8, wherein said means for providing

said gas further comprises a means for regulating the flow rate of said gas.

10.  The apparatus as claimed in claim 9, wherein said means for mixing

comprises a static mixer.

11. The apparatus as claimed in claim 10, wherein said means for mixing

further comprises a contact area.

12.  An apparatus for reducing the pH of a water stream flowing through a
pipe, comprising;

a. means for providing a continuous flow of a gas comprising carbon
dioxide at a first flow rate and a first pressure from about 30 to about 300 psig;

b. means for adjusting said first flow rate and means for adjusting said
first pressure;

c. means for providing a liquid comprising water at a second flow rate
and a second pressure which is a minimum of 50 psig;

d. means for adjusting said second flow rate and means for adjusting

sald second pressure;

e. means for mixing said gas and liquid to form a supersaturated carbon

dioxide-water solution at a third pressure and having a first pH;

f. means for providing said water stream at a pressure less than said first

and third pressures and having a second pH greater than said first pH;
- 18 -
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g. means for maintaining said solution at said third pressure until
introduced into said water stream; and

h. diffusion means inserted into said pipe for introducing said solution
continuously into said water stream, releasing excess carbon dioxide from said
solution into said water stream to reduce the pH of said water stream, wherein
sald diffusion means comprises a solution inlet means and a diffuser means,
said diffuser means comprising a generally hollow interior and generally solid
walls, said walls comprising a plurality of holes therethrough allowing

communication between said interior and the exterior.

13.  The apparatus as claimed in claim 12, further comprising a means for

injecting said gas into said liquid.

14.  The apparatus as claimed in claim 13, wherein said diffuser means has a
generally triangular prismatic structure, said diffuser means being inserted into said

liquid stream with one of said walls facing downstream relative to the direction of flow

of said liquid stream.

15. A system for reducing the pH of a water stream flowing through a pipe,
comprising:

a. means for storing a gas comprising carbon dioxide at a selected
temperature and pressure from about 30 to about 300 psig;

b. means for continuously supplying said gas at a selected flow rate and
pressure;

c. means for supplying a liquad comprising water at a selected flow rate
and pressure which is a minimum of 50 psig;

d. means for introducing said gas into said liquid;

e. means for mixing said gas with said liquid to form a supersaturated
carbon dioxide-water solution;

f. means for maintaining said solution at a pressure greater than that of
sald water stream until introduced into said water stream; and

g. diffusion means inserted into said pipe for continuously introducing

sald solution into a water system, thereby releasing excess carbon dioxide from
-19 -
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said solution into said water stream to reduce the pH of said water stream,
wherein said diffusion means comprises a solution inlet means and a diffuser
means, said diffuser means comprising a generally hollow interior and generally
solid walls, said walls comprising a plurality of holes therethrough allowing

communicating between said interior and the exterior.

16.  The system as claimed in claim 15, further comprising:

a. means for measuring the pH of said water stream subsequent to the

introduction of said solution;

b. means for comparing said pH measurement to a desired pH level; and
c. means for adjusting said flow rate of said gas whereby said flow rate

of said gas is continually adjusted until said pH measurement is substantially

equal to said desired pH level.
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FIG. 2
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