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1
PROCESS AND APPARATUS FOR REMOVING

CARBON DIOXIDE AND STRIPPING ANOTHER
COMPONENT FROM A LIQUID STREAM

TECHNICAL FIELD

This invention relates to a process and apparatus for
removing ammonia or other component from a liquid
stream, such as a products or waste stream from a wet
oxidation process. More particularly, the present inven-
tion relates to a process and apparatus for removing a
component from a liquid stream wherein a stripping
column is in series with a re-absorption column, such
that the relatively component-free gas stream exiting
the re-absorptior column is used as the stripping gas
stream in the stripping column. Also, the present inven-
tion relates to a stripping and a re-absorption column,
each having a series of stacked nozzles such that the
liquid flow of each column is caused to counterflow
with respect to the gas stream therein. The process and
apparatus of the invention include a closed, integrated
system except for removal of useful by-products.

BACKGROUND ART

The present invention has particular application to
the removal of ammonia from high pressure, high tem-
perature ammonia laden waste or products streams.
Such streams are encountered in a variety of processes,
including those involving wet oxidation. For example,
U.S. Pat. No. 4,792,408 discloses a method and appara-
tus for enhancing chemical reactions at supercritical
conditions. That patent teaches that the speed and effi-
ciency of many chemical reactions can be increased by
subjecting the reactants to increased temperature and
pressure conditions. This produces a fluid products
stream having high temperature and pressure, and, as
known in the art, a stream which is often laden with
ammonia. U.S. Pat. No. 4,792,408 is incorporated by
reference herein for whatever disclosure is necessary
with respect to an exemplary wet oxidation method and
apparatus.

It is environmentally beneficial, and often required
for regulatory purposes, that ammonia be removed or
substantially reduced from waste and products streams
before final disposal. To this end, it has been known to
gas-strip ammonia from such streams. Several factors
influence the solubility of ammonia in water, and hence
the efficiency of the gas separation techniques, includ-
ing temperature, pressure, pH and the area of contact
between the stripping gas and the liquid.

When stripping or scrubbing a gas such as ammonia

from a liquid, it is known that the greater the area of
contact between the stripping gas (such as air) and the
liquid, the greater is the efficiency of the removal of the
ammonia from the solution. One method of increasing
the area of contact has included a series of baffles
wherein the fluid stream cascades over the baffles.
- For a general discussion of gas absorption, such as
ammonia stripping, see Chemical Engineer's Handbook,
Perry, ed., McGraw-Hill Book Company, pg. 668 et
seq. (1950) which is hereby incorporated by reference
to the extent necessary for an understanding and disclo-
sure of gas absorption.

The pressures above a liquid having a gas dissolved
therein, directly influences the solubility of the gas in
the liquid. The lower the pressure, the lower the solubil-
ity. The stripping of ammonia at pressures lower than
ambient is known in batch processes. Continuous strip-
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ping processes are known, and have included spraying
the fluid onto the top of a packed tower with trickle
down and gas counterflow, and further using a closed
loop gas flow to reduce the risk of environmental con-
tamination. The trickle down, closed loop systems here-
tofore known in the art, have been slow passive pro-
cesses because there is still a need to remove the water
vapor from the gas loop. )

Therefore, there is a need for a fluid treatment pro-
cess and apparatus for the continuous, active treatment
of a fluid products stream.

DISCLOSURE OF THE INVENTION

It is therefore, an object of the present invention to
provide a continuous, liquid stream treatment process.

It is another object of the present invention to pro-
vide an apparatus for the efficient treatment of a fluid
waste or products stream.

It is yet another object of the present invention to
provide a process and apparatus, as above, which in-
cludes wet oxidation and subsequent removal of ammo-
nia from the products stream thereof.

These and other objects of the present invention,
together with the advantages thereof over the known
art relating to liquid waste and products stream treat-
ment, which shall become apparent from the specifica-
tion which follows, are accomplished by the invention
as hereinafter described and claimed.

In general, the present invention provides a process
for treating a liquid stream and removing a component
therefrom. The process includes the steps of depressur-
izing the products stream to remove carbon dioxide,
forming a carbon dioxide stream and a component-
laden stream; raising the pH of the component-laden
stream; gas-stripping the component-laden stream to
remove the component therefrom thereby forming a
relatively component-free liquid stream and a gaseous
component stream; neutralizing the liquid component
stream with the carbon dioxide stream; dehumidifying
the gaseous component stream; dissolving the gaseous
component stream in an acidic solution by re-absorption
forming a reduced component gas stream and a liquid
salt complex of the component; and utilizing the re-
duced component gas stream to remove the component
in said gas-stripping step.

The present invention also includes an apparatus for
processing a continuously flowing fluid material to
remove a component therefrom. The apparatus includes
a stripping column. A gas stream is introduced near the
top of the stripping column and means are provided to
introduce the fluid material into the bottom of the strip-
ping column. Means are also provided to contact the
gas stream and the fluid material in counterflow to strip
the component from the fluid material, which includes

" a plurality of stacked nozzles each having a deflection

cone and means to spray the fluid material past each
deflection eone. A reservoir is associated with each of
the nozzles to collect the fluid material. Means are pro-
vided to convey the fluid material from the reservoir to
the next nozzle, and means are also.provided to remove
the component-laden gas flow from near the bottom of
the stripping column, and to remove the reduced com-
ponent fluid material from near the top of the column.



5,190,665

3

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic, block diagram of a system for
removing a gas such as ammonia from a liquid stream,
according to the concepts of the present invention;

FIG. 2 s a partially schematic, front elevational view
of a portion of the system in FIG. 1, showing a gas
stripping column and a re-absorption column in series;

FIG. 3 is a vertical cross section and schematic show-
ing the operation of one of the columns in FIG. 2; and

FIG. 4 is a sectional view taken substantially along
line 4—4 of FIG. 3.

FIG. 5 is a close-up, side- elevational view, partly
broken away showing a portion of the column of FIG.
3.

PREFERRED EMBODIMENT FOR CARRYING
OUT THE INVENTION

FIG. 1 of the attached drawings is a schematic repre-
sentation of the system according to the present inven-
tion, generally indicated by the numeral 10. A wet oxi-
dation apparatus 11 receives a reactant stream 12 such
as a waste sludge stream from a waste, activated biolog-
ical domestic sewage treatment process. Wet oxidation
apparatus 11 may be any such device known in the art,
such as that disclosed in U.S. Pat. No. 4,792,408, incor-
porated by reference hereinabove. Furthermore, while
the invention herein has particular application to wet
oxidation and to the products stream therefrom, one
skilled in the art will understand its applicability to
other processes having a waste or products stream
which are equally within the scope of the present inven-
tion. For ease of the following discussion and claims,
the term “products stream” is understood to include all
such streams, whether waste or not, and whether or not
from a wet oxidation process. Furthermore, while the
invention herein is useful to remove ammonia from a
liquid stream, it has applicability to the removal of a
variety of other components from such streams, as will
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be appreciated by those skilled in the art. For the sake of 40

this disclosure, the invention will be exemplified by
reference to ammonia stripping.

The products stream 13 exiting from wet oxidation

apparatus 11 is often ammonia laden, as known in the
art. Products stream 13 is first filtered such as by a
filtration unit 14, to remove suspended solids, which are
also often present in products streams, thus producing
filtered stream 15. Filtration unit 14 may be any such
unit conventional in the art. A depressurization unit 16,
also commonly known in the art, is used to depressurize
filtered stream 15 and thereby remove carbon dioxide,
which is known to effervesce from liquids at lower
pressures.

The depressurized stream 17 from unit 16 is then
tested and adjusted for pH at the alkalization unit 18.
Alkalization unit 18 may include separate pH monitor-
ing and alkalizing means or the actual alkalization may
be automatically controlled by the pH monitor (not
shown) in alkalization unit 18. Preferably, the pH of the
depressurized stream 17 is adjusted as necessary to a pH
of from about 8 to about 9.2 with about 8.8 being pre-
ferred. Of course, as will be appreciated by those skilled
in the art, pH and other process conditions of the inven-
tion will vary, depending upon the nature of the stream
to be treated, the component or components removed,
and the like. The pH adjusted stream 19 is then sent to
a gas-liquid separation, or stripping column 20, where
ammonia is stripped from the liquid, pH adjusted stream
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19. Products stream 13, if exiting from wet oxidation
apparatus 11, will normally be at an elevated tempera-
ture. For separation efficiency, especially for ammonia
removal, the temperature within stripping column 20 is
maintained at about 90° C. It is further preferred that
the pressure within stripping column 20 be sub-atmos-
pheric.

As will be hereinafter more fully described, an ammo-
nia laden gas stream 21 exits ammonia stripper 20, and is
dehumidified by cooling to about 15° C. at condenser
22. Cooling may be by any means known in the art, such
as by use of a brine circulation unit 23 and an oxygen
evaporator 24. Because ammonia has a boiling point
more than 133° C. below that of water, cooling the
ammonia laden stream to about 15° C. causes most of
the water in ammonia laden stream 21 to condense out,
such that a gaseous water-free ammonia stream 30 exits
condenser 22.

Water-free ammonia stream 30 is then sent to heater
31, wherein the stream is again heated, to about 10° C.
or ambient temperature. The heat necessary to heat
cooled stream 30 in heater 31 is preferably obtained by
cooling hot fluid from wet oxidation apparatus 11, such
as by use of a heat exchanger 32 and circulation con-
duits 33 and 34. The heated stream 35 leaving heater 31
is next sent to a re-absorption column 36, wherein the
ammonia is dissolved in an acidic solution, and with-
drawn as dissolved ammonium salt stream 37. For effi-
ciency of re-absorption, the temperature within re-
absorption column 36 is maintained at about ambient
temperature, and the pressure therein at above atmo-
spheric.

A gas stream 40 exits re-absorption column 36 and is
used to supply the gas-flow used in the ammonia strip- .
ping in stripping column 20, thereby closing the loop of
the gas flow between stripping column 20 and re-
absorption column 36. As will be more fully addressed
hereinbelow, the amount of ammonia present in gas
stream 40 may be varied depending upon the concentra-
tion desired.

Also exiting from stripping column 20, is an alkaline,
ammonia free stream 50. Alkaline, ammonia free stream
50 is preferably neutralized with carbon dioxide at tank
51, which can then be removed as neutralized stream 52.
The carbon dioxide necessary to neutralize alkaline,
ammonia free stream 50 preferably comes from depres-
surizing unit 16. The carbon dioxide from depressuriz-
ing unit 16 is first cooled at condenser 60 to condense
water vapor, by any known technique, such as another
brine circulation unit 61 and oxygen evaporation unit
62, which is supplied by a liquid oxygen supply tank 63.
The condensed carbon dioxide stream 64 is then filtered
by a carbon filter 65 to remove volatile organic carbons,
and conveyed to neutralization tank 51.

FIG. 2 is a more detailed view of the ammonia strip-
ping and re-absorption system, generally designated by
the numeral 70. Alkalized stream 19 is conveyed, such
as by pump 71, through conduit 72, to the bottom por-

- tion of stripping column 20. A stripping gas stream 73

(FIG. 3), such as an air stream, is drawn through the top
of stripping column 20 at gas input opening 74 (FIG. 2).
A plurality of recirculation conduit pipes 75 are used to
effect counterflow between the gas entering at opening
74 and pH adjusted stream 19 entering stripping column
20 through conduit 72, as will be more fully discussed
hereinbelow. Liquid, alkaline, relatively ammonia-free .
stream 50 exits stripping column 20 at point 76, such as
by use of pump 77 through conduit 78. By “relatively”









