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ABSTRACT OF THE DISCLOSURE

A waste oxidation and waste extraction process for
deodorizing, coalescing, agglomerating, coagulating, and
extracting organic and inorganic waste materials such as
found in the particulate and molecular waste effluent
streams of packing and rendering plants, paper and pulp
mills, food processing plants, wood preserving plants, rice
processing plants, and similar facilities. In one embodi-
ment of the invention, the process comprises introducing
into the waste stream an activated gas which is adsorbed
on the surfaces of the suspended organic and inorganic
particulate and molecular ‘waste materials to react with
the surfaces of the waste materials and produce surface
characteristics which eliminate malodorous properties and
induce agglomeration and coagulation of the solids and
materials,

(CROSS-REFERENCE TO RELATED APPLICATIONS

This application is a continuation-in-part of my pre-
viously filed copending application Ser. No. 68,399, filed
Aug. 31, 1970 and entitled “Waste Extraction Process”;
which was a continuation-in-part of my previously filed
copending application Ser. No. 781,840, filed Dec. 6, 1968
and entitled “Process for Agglomerating and Coagulating
Waste Material,” now U.S. Pat. No. 3,586,627; which
was in turn a continuation-in-part of my previously filed
copending application Ser. No. 757,224, filed Aug. 30,
1968 and entitled “Improved Extraction Process,” which
was in turn a continuation-in-part of my previously filed
copending application Ser. No. 696,537, filed Jan. 9, 1968
and entitled “Extraction Process.”

This invention relates to the oxidation, coalescing, ag-
glomeration, coagulation, and extraction of suspended
particulate and gaseous organic and inorganic waste ma-
terials suspended and/or combined in various plant and
mill gaseous emissions. More particularly the invention
concerns the introduction of an activated gas within a
waste material gaseous emission so that the activated
gas may selectively react with the surfaces of suspended
and/or combined waste materials to induce deordoriza-
tion, oxidation, coalescing, agglomeration, and coagula-
tion thereof.

Many industrial processes normally involve the dis-
charge into the atmosphere of air or other effluent streams
which are highly contaminated with pollutants, These pol-
lutants may consist either of particulate or molecular ma-
terial, as well as combinations thereof, and typically in-
clude organic and/or inorganic waste products produced
by a process. The disadvantages of such airborne waste
discharges are well-known to those in the art. For exam-
ple, such waste discharges may contain, or react with
other atmospheric ingredients to contain substances which
are corrosive or otherwise injurious of structural mate-
rials, plant life, and even animal life in the surrounding
area subject to the atmospheric discharge. Moreover, cer-
tain types of atmospheric waste discharges contain noxous
and highly disagreeable odors.
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A rendering plant is an example of an industrial opera-
tion producing a discharge of contaminated air. In the
rendering process, animal parts and various organic waste
products are cooked to render protein and fat materials
for feed supplements and other uses. During the render-
ing process, organic matter from the raw materials is
heated and cooked in water, producing a byproduct in-
cluding water vapor and a mixture of organic matter,
gases, and other materials borne in the escaping water
vapor effluent. The organic matter, such as protein and
fat, usually consist of lighter compounds and tends to be
in a liquid particulate state. Gases such as ammonia, hy-
drogen. sulfide, and various organic gases resulting from
decomposition during the cooking operation, are also
frequently found in the vapor discharge. The atmospheric
contamination produced by such rendering operations is
in part liquid organic compounds which are in colloidal
or aerosol solution within the liquid together with gases.
The organic matter in aerosol solution is not susceptible
to removal by filtration. Furthermore, this organic mat-
ter is not highly soluble and therefore can be only par-
tially removed from the aerosol by conventional water
scrubbing techniques.

The above-described airborne discharge of a rendering
plant diffuses through the atmosphere and contains odors
which are notoriously nauseating and obnoxious. More-
over, this vapor discharge contains obnoxious and cor-
rosive compounds such as hydrogen sulfide and acidic
gases. The organic matter in the discharge oxidizes slow-
ly in the atmosphere and thus may produce noticeably
unpleasant odors at long distances from the rendering
plant,

Another example of contamination discharge into the
atmosphere is found in the paint industry, where aerosols
of organics, pigments, volatile solvents are discharged
into the atmosphere. Organic liquids such as paint fumes,
varnish fumes, and other organic materials, are injurious
to health and produce noticeable and undesirable odors.
Furthermore, volatile solvents released into the atmos-
phere can react in a synergistic manner with nitrogen,
oxygen, and other atmospheric gases to form compounds
having corrosive and other properties which are worse
than those of the individual constituents of the pollution
stream.

Other well-known examples of industrial operations
which produce an airborne discharge stream containing
particulate and/or molecular contaminant products are
paper mills, which discharge sulfurous compounds into
the atmosphere, and incinerators and other burners uti-
lizing fuels containing sulfur or other materials which
are released to the atmosphere upon combustion and
which are capable of producing objectionable and damag-
ing substances in the atmosphere.

Principal organic air poliutants include compositions
such as saturated and unsaturated aliphatic hydrocarbons
such as methane, hexane, ethylene, and acetylene; aro-
matic hydrocarbons such as benzene and toluene; polynu-
clear hydrocarbons such as benzopyrene; aldehydes such
as formaldehyde and acrolein; phenols; and organic acids.
Principal inorganic air pollutants include sulfurous com-
pounds such as sulfur dioxide, sulfur trioxide, sulfuric
acid aerosol, hydrogen sulfide; nitrogenous compounds,
such as ammonia, and nitrogen oxides; and ozone. Other
frequently occurring air contaminants are amines, amino
acids, proteins of low molecular weight, fats, fatty acids,
and fibers.

As stated, the conventional prior art techniques such
as filtration, scrubbing, and cyclone separation are, at
best, only partially effective in the removal of malodorous
contaminants and other such contaminants in aerosol or
gaseous form.
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Accordingly, it is an object of the present invention
to provide an economical and efficient process for oxi-
dizing, coalescing, agglomerating, coagulating, removing
malodorous properties, and extracting particulate, aero-
solized, colloidal and molecular waste materials from a
gaseous waste emission.

Other objects, features, and attendant advantages of the
present invention will become apparent from a review of
the following description of an embodiment of the inven-
tion, and the accompanying drawing, therein the figure
schematically represents one process of the invention.

In accordance with the present invention, particulate,
aerosoldized, colloidal, and molecular inorganic and
organic waste materials are oxidized, coalesced, agglom-
erated, and coagulated in a gaseous waste stream through
the introduction into the waste stream of an active prin-
cipal such as an activated gas in molecular form which
is selectively adsorbed on the particulate or molecular
surfaces of the suspended, dispersed, or emulsified waste
material to selectively react with such surfaces and to
produce surface characteristics which induce oxidation,
coalescence, agglomeration, and coagulation of the
waste material. Conventional filtering or other removal
techniques are then used to extract the coalesced, agglom-
erated, and coagulated waste material from the effluent
stream and thereby to remove the malodorous properties
of the material.

Stated more particularly, the process of the present in-
vention requires the introduction into the contaminated
waste stream of an activated gas which, when exposed to
contaminant matter in the waste stream, is operative to
alter the characteristics of the contaminant matter to en-
able the contaminants to coalesce, coagulate, and agglom-
erate to an extent to allow efficient extraction from the
flow stream. The active principal is preferably mixed with
an appropriate carrier medium such as steam, air, or
water at an elevated temperature which enables the prin-
cipal ingredient to become activated or molecularized
upon introduction into the effluent stream to produce a
solution capable of reacting with the contaminants in a
waste stream. In a preferred embodiment of the present
invention, satisfactory results have been obtained using
as a carrier medium water at a temperature of about
160° F. to 900° F. or air in the same temperature
range, or water at a temperature of about 1506° F. to
212° F. A particularly good carrier medium is provided
by steam within the range of about 212° F. to 900° F.,

_The principal ingredient for the foregoing reaction
with contaminants consists of those gases which, upon
becqming activated, enter into a reaction occurring pri-
marily, if not exclusively, on the surface of contaminating
particulate matter, such as matter suspended in the waste
stream, and colloidal particles of matter, to produce an
alteration of electrical characteristics in the particulate
matter which correspondingly changes the phase previ-
ously existing between the particulate matter and the
waste stream in which the matter is carried. In the case
of organic material emitted from animal processing
sources, for example, there are substantial quantities of
protein which emulsifies the total organic matter in the
waste stream and renders such matter incapable of com-
pletely settling out. The long chains of the protein mole-
cules .becqme wrapped around the organic particulate
matter to isolate such matter from the remainder of the
particulate matter in the stream. The characteristics of
the long chain protein molecues prohibit such molecules
from assqciation with other particulate matter, and so
the protein-surrounded matter remains suspended indefi-
nitely in effluent streams consisting of or partially com-
prising aqueous solutions or substances. It is for this
reason that nitrogenous matter is difficult to wash out of
aprosols and solutions by absorption or scrubbing opera-
tions. Also, malodorous effects and properties can be
present even after great reduction of contaminants in air
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waste can be diluted by thousands of parts of pure air and
still be detected by the olfactory system.

Reaction of the active principal of the present inven-
tion by the described process alters the characteristics of
the nitrogenous matter by breaking bonds in the chain
and allowing the particulate matter to coalesce and co-
agulate, so that this matter eventually flocculates and
thus becomes removable from the waste stream by ap-
propriate conventional techniques. In the case of a liguid,
for example, the freated contaminating matter will floc-
culate and settle out of solution gravitationally, while
techniques such as filtration or scrubbing are used to
remove particulate matter which is coalesced and coagu-
lated in an aerosol-type discharge stream. However, mal-
odorous effects can be removed without an additional step
such as water washing or filtering.

The chemical reactions between the active principal
and the organic matter in a discharge stream involve a
temporary attachment of the active principal to the par-
ticulate matter through oxidation, thereby causing the
active principal to become absorbed along at least some
locations of the chains of the organic aliphatic com-
pounds. This absorption of the active principal results in
breakage of the bonds upon the molecular chain, resulting
in a diminution of the emulsifying abilities to an extent
which allows the particles to agglomerate and coalesce.
Since the reaction on the particles occurs substantially at
the particle surface, and not within the interior of the
particle, a minimum quantity of active principal is re-
quired to accomplish the objects of the present invention.
Moreover, control of the quantity of active principal can
control the degree of oxidation. Before the functional
group of an organic compound is attacked by the active
principal, the weakest bond in the carbon chain is at-
tacked and split as described above, thereby sectioning the
surface molecules of particulate matter sufficiently to al-
ter the hydrophilic characteristics of the particle and to
induce agglomeration with other particles. Such matter
is primarily responsible for irritation and stimulation of
the organs constituting the olfactory system.

The reactions of the active principal with inorganic
constituents of the discharge stream also occur at the
interface between the containing media of the discharge
stream and the particulate matter. For example, gases
such as hydrogen sulfide are oxidized to produce molecu-~
lar sulphur. Ingredients such as ammonia are oxidized to
compounds of the active principal.

The amount of reaction is controlled by the concentra-
tion of the active principal and conditions of temperature
and turbulence in the discharge stream into which the
active principal is introduced.

The chemical reaction between the active principal and
a mixture of organic and inorganic contaminants in a
discharge stream conmsists of a competitive reaction by
gll contaminant constituents for the active principal. The
inorganic constituents are present in particle and molec-
ular phase, primarily, and the organic constituents are
present in particle phase, primarily. Because of rapid
oxidation of the particulate matter by the active princi-
pal, which is limited in supply, introduction of the active
principal into the discharge stream produces primarily a
surface reaction as previously described, providing little
opportunity for the reaction to penetrate beneath the
immediate surface of the molecules making up the par-
ticulate matter.

The nature of the active principal before introduction
int.o }:he discharge flow stream can be a solution or other
miscible mixture, but upon introduction of the active
pr}n_cipal and the carrier medium into a flow stream con-
taining contaminants, the active principal must be or be-
come molecular and immisicible in the carrier medium.
A miscible active principal upon introduction would re-
move  from the system active principal which ac-
complishes oxidation of contaminants. Therefore, any
§uitable carrier medium for dispersing the active principal
in the mixture in the flow stream of contaminants is
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desirable. A suitable active principal must be capable of
being shocked or otherwise quickly and instantaneously
dispersed and separated from the medium in order to be-
come individual molecular particles capable of com-
pletely reacting with contaminants and, therefore, must
be incapable of being absorbed from the air stream be-
fore reaction with the contaminant matter is complete.

In order to explain how molecular chlorine is ac-
complished in steam, it is necessary to define the solu-
bility factors of chlorine in water. It is generally neces-
sary to state the temperature, the equilibrium partial pres-
sure of the solute gas in the gas phase, the concentration
of the solute gas in the liquid phase, and the total existing
pressure on the system.

‘Chlorine is soluble in water, As the concentration of
chlorine increases, the partial pressure of chlorine gas in-
creases until the partial pressure is greater than the exist-
ing pressure, assuming atmospheric pressure of 760.0
millimeters of mercury. The concentration of chlorine
in water at 20° C. or 68° F. can reach about 7.3 grams
per liter of water, which exerts a partial pressure of 760
millimeters of mercury. In excess of this chlorine con-
centration, the existing pressure is exceeded and therefore
free molecular chlorine escapes and separates from
equilibrium.

If the temperature of chlorine in water at equilibrium
is increased, then the solubility will decrease since the
partial pressure of chlorine is increased. If the solution is
heated to 100° C. or 212° F., the vapor pressure of the
water is 760.0 millimeters of mercury. The partial pres-
sure of the chlorine is in addition to the vapor pressure
of water, and solubility has been reduced to zero which
causes the gas to separate from equilibrium as molecular
gas.

If the chlorine and water are heated above 100° C. in
a closed container where pressure may exceed 760.0
millimeters of mercury, then the existing pressure will
be the sum of water vapor pressure and chlorine partial
pressure in equilibrium. When the existing pressure,
greater than atmospheric, is reduced to atmospheric pres-
sure, then the chlorine separates from the water vapor
and exists as molecular chlorine as long as the tempera-
ture is such that equilibrium cannot be accomplished.

In application to the present process, the molecular
chlorine is produced by mixing chlorine with steam under
pressure and then releasing the mixture to atmospheric
pressure in an air stream. The chlorine exists as hot
or superheated gas mixed with steam, which produces a
very powerful oxidizing agent capable of reacting with
organic matter and other matter almost instantly. If the
chlorine is not reacted immediately after injection, then
it will cool, the steam will cool, and the chlorine will
dissolve easily in water droplets or humid air streams.

Suitable active principals includes those compounds or
compositions which become activated as a gas in
molecular form to become attracted to a particulate sur-
face in the discharge media within which an activating
reaction takes place. Preferred reagents include ammonia,
hydrogen sulfide, halogen compounds, carbon dioxide,
sulfur dioxide, oxides of nitrogen, and ozone. A particu-
larly preferred group of reagents include ammonia, chlo-
rine, and bromine with especially superior results being
achieved through the use of gaseous molecular chlorine.
In the case of contaminants made up of certain inorganic
gases, whole electron arrangements are found which
possess an unshared pair of electrons, examples being sul-
phur dioxide, hydrogen sulfide, and ammonia. In such
circumstances, it is preferable to provide an active
principal which either consists of, or contains by addition,
the gaseous halogen compound boron tetrafluoride. This
gas is capable of forming a coordination bond between it-
self and the inorganic gases possessing an unshared pair
of electrons, producing solid-phase compounds which are
removable by techniques and apparatus, and variations
thereof, such as Brownian separators, electrostatic sepa-
rators, centrifugal separators, inertial separators, gravity
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separators, spray towers, wet cyclones, venturi collectors,
perforated impingement trays, packed towers, nucleation
scrubbers, turbulent contactors, wet filters chromato-
graphic recovery, and filtration. The boron tetrafluoride
can be added to one or more other acting gases, such as
chlorine, to make up the active principal which is then
introduced into the discharge stream,

Filtration to remove the solid particles resulting from
the present process is preferably provided by a filter of
solid particles or a filter bed. A particularly preferred
filter bed is made of carbon particles having a diameter of
about 0.3 to 20.0 millimeters. The carbon particle filters
can be washed by backflowing techniques to rejuvenate
the filter bed. Alternatively, the treated contaminants can
be removed from an aerosol discharge by water scrubbing
and/or cyclone separation techniques.

In steam Jaden or saturated aerosols containing con-
taminated matter, the contaminants which have been
treated by the present process can be removed through
condensation of the steam by lowering the temperature of
the discharge flow stream. It has been observed that con-
taminating organic matter tends to flocculate out of the
condensate under such treatment.

Referring now to the figure, there is depicted a sche-
matic diagram representing one waste extraction process
and system within the scope of the present invention. A
discharge stream containing pollutant as described above
is admitted through the line 10 into the reactor 11. At
the same time, 2 qauntity of chlorine gas from the gas
source 12 is admitted through the valve 13 for mixture
with a quantity of steam from the source 14 and admitted
through the valve 15. The active principal (chlorine gas,
in the embodiment depicted in the figure) is merely mixed
with the carrier medium (steam), and is not dissolved
in the carrier medium. The mixture of chlorine gas and
steam passes through the line 16 and is introduced into
the reactor 11 through the nozzle 17 disposed therein
causing introduction of molecular chlorine into the re-
actor. The nozzle 17, in preferred embodiment, is es-
sentially an atomizing nozzle which sparges and sprays
the individual particles of the active gas-steam mixture
into the flow stream within the reactor. In the case of
a very hot discharge flow stream entering the reactor 11,
a relatively cold medium can be substituted for steam
from the source 14, with the resultant injection of the
relatively cool mixture into the reactor accomplishing a
rapid dispersion of the active principal caused by the im-
mediate superheating of the relatively cooler medium
and active principal. .

After the reaction which follows introduction of the
active principal into the reactor 11, it is often necessary
to mix or agitate the mixture of contaminants plus active
principal with a moderate degree of turbulence. This mix-
ing or agitating may be accomplished through the use of
a reactor 11 containing spiralling, baffling, or other in-
ternal structural features which produce mixing, agitation,
and turbulence of the flow stream therein.

The reactions which take place within the reactor 11
between the discharge stream and the active principal are
of the type described above, so that the flow leaving the
reactor 11 along the line 20 includes contaminants or
pollutants which have become coalesced, coagulated, and/
or agglomerated for subsequent separation. The flow
through the line 20 may, in one alternative, be applied
to a filter 21 having a carbon particle filter bed 22 of the
type described above, which removes the treated con-
taminants entering the filter. The vapor of the stream,
minus the contaminants which remain in the particle bed
22, exits the filter 21 and may be vented to the atmosphere
by the line 23.

As is known to those skilled in the art, the filtering
capabilities of the carbon particle bed 22 periodically be-
come exhausted and it is necessary to backwash the filter
21 with an appropriate solution to remove the contami-
nants extracted by the particle bed, and thus to rejuvenate















