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) Low nox incineration process.

@ A process for low NOX incineration which in-
volves incinerating hazardous waste (206) to produce
a gaseous stream, adding combustible material (208)
to produce a combustible gas siream having com-
bustible material in excess of the oxygen in the
combustible gas stream, incinerating (204) the com-
bustible gas stream in a reducing atmosphere to
produce a heated oxygen-depleted gaseous stream
(224), converting at least a portion of the heat in the
oxygen depleted stream into steam (216), adding air
to the oxygen depleted siream to produce a
stoichiometric excess of oxygen in the resultant
stream relative to combustible material present in
the resultant stream, passing the resultant stream
over an oxidizing catalyst (226) to produce an ox-
ONlidized gaseous, stream, removing heat (228) from
< the oxidized stream, and venting (232) the resultant
'_cooled stream. A system for carrying out the fore-
w goint process is also provided.
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Low Nox Incineration Process

Field of the Invention

This invention relates to ensuring low NOX
content of products of combustion and is more
particularly concerned with a hazardous waste in-
cineration process which ensures low NOX content
of the evoived gases.

Background of the Invention

Many combustion processes generate effluent
gases having an unacceptable NOX content. Thus,
oxides of nitrogen are one of the principal con-
taminants smitted by combustion processes. In ev-
ery combustion process, the high temperatures at
the burner result in the fixation of some oxides of
nitrogen. These compounds are found in stack
gases mainly as nifric oxide (NO) with lesser
amounts of nitrogen dioxide (NOz) and only traces
of other oxides. Since nitric oxide (NO) continues
fo oxidize to nitrogen dioxide (NOz) in the air at
ordinary temperatures, there is no way to predict
with accuracy the amounts of each separately in
vented gases at a given time. Thus, the total
amount of nitric oxide (NQ) plus nifrogen dioxide
(NO3) in a sample is determined and referred {0 as
"oxides of nitrogen (NOX).

Oxides of nitrogen emissions from stack gases,
through atmospheric reactions, produce "smog"
that stings eyes and causes acid rains. For these
reasons, the content of oxides of nitrogen present
in gases vented to the atmosphere is severely
limited by various state and federal agencies. To
meet the regulations for NOX emissions, several
methods of NOX control have been employed.
These can be classified as either equipment modi-
fication or injection methods. Injection methods in-
ciude injection of either water or steam to lower the
temperature since the amount of NOX formed gen-
erally increases with increasing temperatures, or
injection of ammonia o selectively reduce NOX.
Water or steam injection, however, adversely af-
fects the overall fuel efficiency of process. A pro-
cess involving the injection of ammonia into the
products of combustion is shown, for example, in
Welty, U.S. 4,164,5646. Examples of processes uti-
lizing ammonia injection and a reducing catalyst
are discicsed in Sakari et at, U.S. 4,106,286; and
Haeflich, U.8. 4,572,110. Selective reduction meth-
ods using ammonia injection are expensive and
somewhat difficult to control. Thus, these methods
have the inherent problem of requiring that the
ammonia injection be carefully controlled so as not
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to inject too much and create a possible emission
problem by emitting excess levels of ammonia. in
addition the temperature necessary for the reduc-
tion of the oxides of nitrogen must be carefully
controlled to get the required reaction rates.
Equipment modifications include modifications
to the burner or firebox to reduce the formation of
NOX. Although these methods do reduce the level
of NOX, each has its own drawbacks. A selective
catalytic reduction system is presently considered

by some authorities to be the best available control

technology for the reduction of NOX. Currently
available selective catalytic reduction systems used
for the reduction of NOX employ ammonia injection
into the exhaust gas stream for reaction with the
NOX in the presence of a catalyst to produce
nitrogen and water vapor. Such systems typically
have an efficiency of 80 - 90 percent when the gas
stream is at temperature within a temperature
range of approximately 600°-700° F. The NOX
reduction efficiency of the system wiil be signifi-
cantly less if the temperature is outside the stated
temperature range and the catalyst may be damag-
ed at higher temperatures. As Applicant Bell has
disclosed in Mc Gill et al 4,405,587, of which he is
a co-patentee, oxides of nitrogen can be reduced
by reaction in a reducing atmosphere such as
disclosed in that patent at temperatures in excess
of 2000° F.

An important source of NOX emissions is the
incineration of hazardous wastes. Such incineration
can be carried out in incinerators wherein the waste
is combusted in a primary combustion zone fol-
lowed by a secondary combustion zone. Excessive
NOX emissions from such combustion are a se-
rious environmental problem and various efforts to
suppress them, such as the techniques referred to
above, have been attempted, with varying resuits.

It is, accordingly, an object of this invention to
provide an improved method involving incineration
which brings about effective lowering of NOX in the
incineration emissions.

It is another object of the invention to provide a
system for hazardous waste incineration wherein
emissions will have significantly lowered NOX lev-
els.

Brief Summary of the Invention

In accordance with the invention, in a process
involving combustion which normally produces un-
acceptable NOX emissions, more particularly a
hazardous waste incineration process, there is pro-
vided an oxygen-rich primary combustion followed
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by a fuel-rich secondary combustion involving re-
ducing gaseous conditions and providing an oxy-
gen deficient gaseous effluent. The secondary
combustion effluent is used to generate steam and
the effiuent has SOz, HC! and ash removed from it.
Air is then added to the gaseous effluent to form a
lean fuel-air mixture, and this mixture is passed
over an oxidizing catalyst, with the resultant gas
stream then passing to an economizer or low pres-
sure waste heat boiler for substantial recovery of its
remaining heat content, and the gas, now meeting
NOX emission standards, is thereafter vented to
the atmosphere. The apparatus system of the in-
vention particularly suited for carrying out the
above-described process a system for low NOX
hazardous waste incineration comprises a two-
- stage incinerator defining a first combustion zone
and a secondary combustion zone, means for add-
ing fuel to the secondary combustion zone to pro-
duce a reducing atmosphere therein, means for
converting to steam at least a portion of the heat in
the effluent from the secondary combustion zone,
means for adding alkaline adsorbents to that ef-
fluent, a bag house downstream of the alkaline-
adsorbent addition means, means for adding air to
the effluent from the bag house, an oxidizing
catalyst-containing reaction chamber to receive the
air-enriched effluent, heat recovery means for re-
moving heat from the effluent from the reaction
chamber, and a vent for removal of the final ef-
fluent.

Brief Description of the Drawing

The figure of the drawing is a diagrammatic
flow sheet of a hazardous waste combustion sys-
tem embodying features of the present invention.

Detailed Description of Preferred Embodiments

Referring now to the figure of the drawing,
there is shown an illustrative embodiment of the
invention involving a hazardous waste incinerator.
In the drawing, the reference numeral 200 des-
ignates a hazardous waste incinerator comprising a
primary combustion chamber 202 and a secondary
combustion chamber 204. Waste to be incinerated
is supplied through charge inlet 206, whereas fuel,
e.g. gas, such as natural gas, is supplied through
line 208, and combustion air is supplied through
line 210. The primary conbustion chamber is suit-
ably in the form of a rotary kiln to accomodate
solid hazardous waste, but liquid and gaseous
waste can also be handled. When liquid waste is
charged it suitably is atomized to ensure efficient
combustion. Primary combustion of the waste takes
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place in the primary combustion chamber or zone
202. Combustion generally occurs at a temperature
of 1500° to 2000°F. Should there by any ash
and/or noncombustible materials in the waste incin-
erated in the primary combustion zone 202, gen-
erally characterized as "slag", it is discharged by
gravity through bottom outlet 212. In the primary
combustion chamber, combustion takes place in an
oxygen-rich atmosphere, i.e., the amount of oxygen
in the air supplied is in stoichiometric excess with
respect 1o combustible materials provided by the
fuel and the waste being incinerated. Consequent-
ly, the effluent gas from the primary combustion
chamber or zone 202 as it enters secondary com-
bustion chamber or zone 204 also has excess
oxygen with respect to any combustible material in
it. In the secondary zone, however, additional fuel
and, optionally, additional liquid or gaseous waste
are added to the effluent gases from the primary
zone in amounts such that combustible material in
the form of waste and/or fuel is now in
stoichiometric excess with respect to available oxy-
gen, e.g., 10 to 26% excess, and combustion takes
place in the secondary combustion zone 204 under -
reducing conditions, generally at about 2200° to
2600° F. A residence time of 0.5 second is re-
quired. A greater residence time can be employed,
e.g., 1 second or more, but serves no useful pur-
pose.

The hot effluent from the secondary combus-
tion zone 204 of the incinerator is fed to a boiler
216 wherein heat in the effluent is used to generate
steam, and the temperature of the hot effluent is
reduced to about to 400" to 550 F, typically about
450° F. In order to protect the downstream catalyst
bed, which will be described below, against fouling
and possible deactivation, it is important that any
S0,, and HC! and like acidic materials be removed
from the gas before it reaches the catalyst. Re-
moval of SOz HCI, and the like, from the gas is
achieved by means of an alkaline absorbent, e.g.,
sodium carbonate, sodium bicarbonate, sodium hy-
droxide, caicium carbonate, and the like, either in
dry form or as an aqueous solution or suspension,
or other means, introduced through inlet 218. Re-
moval of these corrosive substances is important
not only to protect the catalyst but in order to
protect the downstream equipment itself against
damage. The effluent gas from the incinerator may
also carry along some ash and other solid particies.
These solid materials are suitably separated from
the gas in any convenient manner, e.g., by passing
the gas through a bag house 220, the separated
ash, and the like, being removed through drain line
222. At this point, the effluent gas stream is still
oxygen deficient in terms of the stoichiometric rela-
tionship between its content of oxygen and com-
bustible material, e.g., fuel. Thereupon, it is passed
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* into conduit 224.

The gas is, however, low in NOX and the
treatment of the gases flowing through the system
has brought about a reduction of any NOX formed,
or a suppression of the formation of the NOX,
without the use of ammonia or like treatment widely
used in the prior art. In order, however, to utilize to
the maximum the heat potential of the gas and any
fuel which it may contain, air is added to-the
stream in conduit 224 and the resuiting gaseous
stream is passed to a gas-treatment unit 226
wherein the gas stream is passed over an oxidizing
catalyst. The air is added in an amount relative fo
the stream in conduit 224 such that the resulting
stream wiil contain oxygen stoichiometrically in ex-
cess of the amount needed to burn any fuel or
other combustible material which may be present
in the stream, e.g.. 10% to 50% excess. Thus,
products at approximately the boiler discharge
temperature, e.g., 450" F. are mixed air and passed
over an oxidizing catalyst.

Either noble metal oxidizing catalysts such as
plaiinum or palladium, or base metal oxides, such
as copper oxide, chrome oxide, or manganese ox-
ide, or the like, may be used for this purpose. The
noble metal oxidizing catalysts, e.g., platinum or
palladium catalysts, are most suitably the noble
metals deposited in the zero valent state upon a
support, such as alumina, silica, kiesel-guhr, or a
metal alloy, and the like. The metal oxide catalysts
are also most suitably the metal oxides supported
on supporis of this character. The making of such
catalysts is well known to persons skilled in the art.
Catalyst volumes will vary depending on the par-
ficular catalyst used. Ordinarily, the quantity of
catalyst and the flow rate are such that the space
velocity is typically in the range of 30,000 to
50,000 hr.™".

Data indicate that NOX levels in the parts per
billion range can be realized by the combined
reduction-oxidation operations of this invention. The
oxidized gaseous effluent from the unit 226 passes
into a conduit 227 which leads to an economizer or
a low-pressure, waste heat boiler, or the like, in-
dicated at 228, and the heat content of the oxidized
gaseous effluent is extracted to the maximum
amount economically feasible. As seen in the draw-
ing, the boiler feed water, which is first passed in
indirect heat-exchange relationship through econo-
mizer 228, is heated by heat exchange with the
gas and is passed via line 229 to boiler 218. The
cocled gas at a temperature of about 300° to
400" F is then discharged through an outlet conduit
230 into a stack 232 and vented to the atmosphere
with the assurance that the vented effluent will
comply with NOX emission standards. It will have a
NOX content of less than 50 ppm.

it will, of course, be understood that in the

10

15

20

25

30

35

40

45

50

56

foregoing description of the drawing, reference to
an incinerator, boiler, waste-heat boiler, economiz-
er, gas treatment unit, and the like, contemplates
the use of standard equipment well known to per-
sons skilled in the art. The gas treatment unit, for
example, can be any container adapted for gas
passage and containing an oxidizing catalyst.

Minimizing the formation of oxides of nitrogen
in combustion, in accordance with the invention,
offers several advantages over the current state of
the art. This process does not require that a poten-
tially obnoxious gas, such as ammonia, be injected
into the system; the reaction conditions do not
require that a narrowly-controlled temperature be
maintained for the reduction of oxides of nitrogen
to occur; the operating conditions are compatible
with conventional incineration conditions; and great-
er NOX reduction efficiencies can be achieved.

The following example will serve more fully to
illustrate the features of the invention.

In a typical operation, the primary combustion
zone of an incinerator is fed with solid or liquid
hazardous waste, auxiliary fuel, and air to produce
a combustible mixture which is combusted at a
temperature of 1500° - 2000 F. to produce a
stream of combustion producis. The effluent
stream from the primary combustion zone at a
temperature of about 1500° -2000°F. contains
about 4% oxygen. Auxiliary fuel or more liquid
waste at ambient temperature is injected into this
stream to give the resultant stream a fuel content
such that the combustible content is 10% in
stoichiometric excess relative to the oxygen
present. The resultant siream is then incinerated in
the secondary incineration zone at a temperature of
about 2000° - 2400° F. and, since the combustible
material is in excess, the combustion takes place in
a reducing atmosphere. Heat present in the com-
bustion products is at least partially converted into
steam by heat exchange with water, e.g., in boiler
tubes, and the resulting gaseous stream, which is
of course, oxygen depleted, has a temperature of
about 450° F. To this oxygen-depleted stream is
then added an aqueous solution of sodium car-
bonate or similar alkaline reagent sufficient to react
with the acidic components of the stream, ex-
pressed as SOz and HCI, and the stream is passed
through a bag house to separate solid components.
Air at ambient temperature is then added to the
stream in an amount such that the resultant stream
has an oxygen content which is 10-50%
stoichiometrically in excess relative to any combus-
tible material present in the oxygen-depleted
stream to which the air is added. The resuitant
oxygen-rich siream is then fed through a bed con-
taining a noble metal, e.g.. platinum or palladium,
supported on alumina, with a space velocity of
30,000 - 50,000 hr.”'. At this point the gaseous
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stream being processed has a temperature of
about 450° F. This temperature increases across
the catalyst bed to about 800°F. Heat is then
extracted by appropriate heat exchange to leave a
final stream to be vented having a temperature of
about 400°F. and a NOX content of less than
50ppm.

It will be understood that various changes and
modifications may be made without departing from
the invention as defined in the appended claims
and it is intended, therefore, that all matter con-
tained in the foregoing description and in the draw-
ing shall be interpreted as illustrative only and not
in a limiting sense.

Claims

1. A process for low NOX hazardous waste
incineration which comprises incinerating hazard-
ous waste in the presence of air and fuel in a first
incineration zone to produce first gas stream, pro-
ducing a combustible gas stream from said first
gas stream having combustible material in excess
of the oxygen in said combustible gas stream,
incineraiing said combustible gas stream in a sec-
ond incineration zone in a reducing atmosphere to
produce a heated oxygen-depleted gaseous
stream, converting at least a portion of the heat in
said oxygen-depleted stream into steam, adding air
to said oxygen-depleted stream to produce a
stoichiometric excess of oxygen in the resultant
stream relative to combustible material present in
said resuitant stream, passing said resuitant stream
over an oxidizing catalyst to produce an oxidized
gaseous stream, removing heat from said oxidized
stream, and venting the resultant cooled stream.

2. A process as defined in claim 1, wherein
said hazardous waste is incinerated in said first
incineration zone at a temperature of 1500° -
2000°F. :

3. A process as defined in claim 1, wherein
said combustible gas stream is incinerated in said
second incineration zone at a temperature of
2000° to 2400°F.

4. A process as defined in claim 1, wherein
said oxygen-depleted stream is cooled to a tem-
perature of about 450" F. during said conversion of
the heat to steam.

5. A process as defined in claim 1, wherein the
space velocity of said resultant siream passing
over said oxidizing catalyst is about 30,000 to
50,000 hr. =", ’

6. A process as defined in claim 1, wherein
said air is added to said oxygen-depleted stream in
an amount to provide a stoichiometric excess of
oxygen present in the resultant siream of 10 to
50%.
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7. A process as defined in claim 1, wherein the
cooled gas vented to the atmosphere is at a tem-
perature of about 300" to 400 F.

8. A process as defined in claim 1, wherein the
cooled gas vented to the atmosphere has a NOX
content of less than 50ppm.

9. A process as defined in claim 1, wherein the
oxygen-depleted gaseous stream is treated io re-
move acidic components thersfrom;

10. A process as defined in claim 1, wherein
the oxygen-depleted gaseous stream is treated to
remove solid components therefrom.

11. A process as defined in claim 1, wherein
the oxygen-depleted gaseous stream is treated to
remove acidic componenis therefrom, and whersin
the oxygen-depleted gaseous stream is treated to
remove solid componenis therefrom.

12. A system for low NOX hazardous waste
incineration which comprises a two-stage inciner-
ator defining a first combustion zone and a secon-
dary combustion zone, means for adding fuel to
said secondary combustion zone to produce a re-
ducing atmosphere wherein, means for converting
to steam at least a portion of the heat in the
effluent from said secondary combustion zone,
means for adding alkaline adsorbents to said ef-
fluent, a bag house downstream of said last-named
means, means for adding air to the effluent from
said bag house, an oxidizing catalyst-containing
reaction chamber to receive the air-enriched ef-
fluent, heat recovery means for removing heat from
the effluent from the reaction chamber, and a vent
for removal of the effluent.

13. A system as defined in claim 11, wherein
said means for removing heat is an economizer.

14. A system defined in claim 12, wherein said
vent is a stack.

15. A system as defined in claim 12, wherein
said first combustion zone includes means for sup-
plying hazardous waste, air and fuel thereto.
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