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An energy efficient fume incinerator and method for eliminating fumes from a process gas stream while avoiding or mini-
mizing the problem of build-up of organic or other constituents of the fume-laden process gas stream on the surfaces of the heat
exchanger in which the fume-laden process gas stream is preheated. The fume incinerator and its method comprise a first stage
reaction chamber (14) for preheating the process gas to a first temperature for preoxidizing organic constituents in the process
gas, a second stage reaction chamber (16) for heating the preheated process gas to a second temperature higher than said first
temperature for incinerating the fumes; and a first stage heat exchanger (15) for exchanging heat from the process gas exiting
from the second stage reaction chamber (16) to the preheated process gas passing from the first stage reaction chamber (14) to the

second stage reaction chamber (16).
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Title: MULTIPLE CHAMBER FUME INCINERATOR WITH
HEAT RECOVERY

The invention herein described relates generally to the incineration of
combustible fumes from a process gas stream and, more particularly, to a direct flame
thermal oxidation system and method for eliminating combustible fumes from an
oxygen bearing process gas stream before the process gas stream is vented to the
atmosphere.

BACKGROUND ‘

Fume incinerators heretofore have been used for eliminating combustible fumes
from the off gases of various industrial processes. In one type of fume incinerator
utilized for this purpose, commonly referred to as a thermal oxidizer, the process gas
stream is oxygen bearing and serves as the source of oxygen for combusting an
auxiliary fuel to establish a flame in which the combustible fumes are incinerated.
Typically, the process gas stream is first preheated by being passed in heat exchange
relationship with the combustion products of the thermal oxidizer as the process gas
stream is being passed to the burner or burners of the thermal oxidizer. By preheating
the process gas stream prior to combustion, the overall efficiency of the combustion
process is increased and the amount of fuel consumed in the combustion of the process
gas stream is reduced.

The fume-laden gases given off by some industrial processes contain volatile
organic compounds (VOC’s) and other organic constituents that tend to build up on the
surfaces of the heat exchanger through which the fume-laden gases are passed before
being passed to the burner or burners of the thermal oxidizer. This build-up
progressively reduces the efficiency of the heat exchanger. Moreover, the heat
exchanger passages may become clogged to a point that significantly restricts the flow
of fume-laden gases. In the past this problem was solved by periodically removing the
build-up from the heat exchanger passages. This not only was a tedious and time
consuming task, but the thermal oxidizer necessarily had to be taken out of service to
permit such cleaning operation. Unless a redundant thermal oxidizer was provided,
shut down of the thermal oxidizer would normally necessitate shut down of the entire

processing line, with obvious negative economic consequences.
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SUMMARY OF THE INVENTION

The present invention provides an energy efficient fume incinerator and method
for eliminating fumes from a process gas stream while avoiding or minimizing the
problem of build-up of organic or other constituents of the fume-laden process gas
stream on the surfaces of the heat exchanger in which the fume-laden process gas
stream is preheated.

The fume incinerator and method are characterized by a first stage reaction
chamber for preheating the process gas to a first temperature, a second stage reaction
chamber for heating the preheated process gas to a second temperature higher than said
first temperature; and a first stage heat exchanger for exchanging heat from the process
gas exiting from the second stage reaction chamber to the preheated process gas passing
from the first stage reaction chamber to the second stage reaction chamber.

When applied to eliminate combustible fumes from an oxygen bearing process
gas stream, the first and second stage reaction chambers preferably are direct flame
oxidation chambers of cyclonic type. Also, the first temperature preferably is at least
about 800°F for preoxidizing the VOC components and other organic constituents of
the oxygen bearing process gas stream to prevent or minimize build up of such
components and constituents in the first stage heat exchanger, whereas the second
temperature is at least about 1400°F for complete or substantially complete incineration
of combustible fumes contained in the process gas.

According to a preferred embodiment of the invention, the incinerator and
method are further characterized by a second stage heat exchanger for exchanging heat
from the incinerated process gas exiting the first stage heat exchanger to another fluid.
When the incinerator is used in combination with a process chamber such as a curing
oven from which the process gas is exhausted to the first stage reaction chamber, the
second stage heat exchanger may be used to preheat a gas, such as make-up air,
supplied to the oven, thereby to further increase the energy efficiency of the overall
system.

The foregoing and other features of the invention as hereinafter fully described
and particularly pointed in the claims, the following description and the annexed
drawings setting forth in detail a certain illustrated embodiment of the invention, this
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being indicative, however, of but one of the various ways in which the principles of the
invention may be employed.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is schematic illustration of an industrial process installation including an

incinerator according to the present invention.

Fig. 2 is an elevational view of the incinerator according to the invention.

Fig. 3 is a top plan view of the incinerator looking from the line 3-3 of Fig. 2.

Fig. 4 is an end elevational view of the incinerator looking from the line 4-4 of
Fig. 2.

Fig. 5 is a cross-sectional view of the incinerator taken along the line 5-5 of
Fig. 3.

- In Figs. 3-5, parts have been broken away for illustration purposes. |
DETAILED DESCRIPTION

Referring now in detail to the drawings, a fume incinerator 10 according to the

invention is schematically illustrated in Fig. 1 while a preferred layout of the
components of the incinerator is illustrated in Figs. 2-5. Generally, the incinerator 10
will be part of an industrial system including a unit 11 which gives off noxious or other

combustible fumes to be incinerated. By way of specific example, the unit 11 may be

‘a thermal processing unit and more particularly a drying oven for coatings applied to

cans wherein heated air as a process gas is passed through the oven to dry the coatings.
During the drying process, the process gas becomes laden with fumes and, in
particular, volatile organic compounds (VOC’s) and other organic constituents that
adhere to and coat surfaces with which they come into contact. The process gas
containing the combustible fumes is exhausted to the incinerator 10 for incineration of
the fumes before the process gas (air) is exhausted to the atmosphere.

As shown in Fig. 1, the incinerator 10 generally comprises a first stage reaction
chamber 14, a second stage reéction chamber 15, a first stage heat exchanger 16, a
second stage heat exchanger 17, a third stage heat exchanger 18 and an exhaust fan 19.
In the illustrated embodiment the exhaust fan 19 functions as a draft fan for drawing
the process gas through the incinerator, thereby maintaining a negative pressure within

the incinerator.
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The process gas stream exhausted by the oven 11 containing combustible fumes
to be incinerated are fed via inlet duct 21 into the first stage reaction chamber 15 where
the process gas is preheated. Preferably the process gas is preheated to a temperature
in the range of 700-900°F and more preferably a temperature of about 800°F to
preoxidize the VOC’s and other organic constituents thereby to obviate or minimize
their tendency to coat surfaces such as metal heat exchanger surfaces. The first stage
reaction chamber 14 preferably is a direct flame thermal oxidizer having a cyclonic
flow pattern. Direct flame thermal oxidizers of this type are manufactured and sold by
FECO Engineered Systems, Inc. of Cleveland, Ohio.

The preoxidized process gas stream is then passed via a duct 23 to the first stage
heat exchanger 15 wherein the process gas is further preheated to a temperature higher
than the temperature of the gas exiting the first stage reaction chamber. Preferably the
process gas is heated in the first stage heat exchanger 15 to a temperature in the range
of 1100-1300°F and more preferably about 1200°F prior to its passing to the second
stage reaction chamber 16 via a duct 24.

The second stage reaction chamber 16 is the main incineration area where the
process gas is heated to a temperature sufficient to incinerate the fumes contained
therein. Like the first stage reaction chamber 14, the second stage reaction chamber
preferably is a direct flame thermal oxidizer having a cyclonic flow pattern. The
temperature to which the process gas is heated and its residence time-in the reaction
chamber will depend on the pollutants being incinerated and often by governmental or
industry regulations controlling the discharge of pollutants into the atmosphere.
Typically, the gases will be heated to a temperature of between 1200 to 1500°F with
a residence time of about one half to two seconds to allow sufficient time for the
oxidation of the hydrocarbons and other organic constituents in the process gas. More
preferably the process gas is heated to a temperature of about 1400°F with a residence
time of about one second.

The incinerated process gas exiting the second stage reaction chamber 16 is
passed through duct 25 to the first stage heat exchanger 15 where it is brought into
indirect heat exchange relationship with the process gas stream being supplied to the
second stage reaction chamber from the first stage reaction chamber so as to fﬁrther

preheat the preoxidized process gas stream being supplied to the second stage reaction
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chamber and cool the incinerated process gas. In the first stage heat exchanger 15 heat
from the higher temperature process gas exiting the second stage reaction chamber will
be transferred to the lower temperature process gas passing from the first stage reaction
chamber to the second stage reaction chamber. As above indicated, the process gas
passing from the first stage reaction chamber to the second stage reaction chamber is
thusly further heated to a temperature of about 1200°F prior to passage to the second
stage reaction chamber.

The relatively cool incinerated process gas passes from the first stage heat
exchanger 15 to a second stage heat exchanger 17 via a duct 26. In the illustrated
system comprising the incinerator 10 and oven 11, the second stage heat exchanger 17
is used to heat make-up air being supplied to the oven 11. A fan 27 feeds fresh air into
the second stage heat exchanger 17 for passage in indirect heat exchange relationship
with the incinerated process gas stream exiting the first stage heat exchanger thereby
to heat the air which is then supplied via duct 30 to the oven 11 for passage through
the oven. At the same time, the incinerated process gas exiting the first stage heat
exchanger is further cooled by the second stage heat exchanger. The fresh air supplied
to the oven preferably is generally equal in volume to that which the oven would be
exhausting to the incinerator during the drying process.

The incinerated process gas leaving the second stage heat exchanger 17 may still
contain enough heat for further reclamation. In the illustrated Fig. 1 embodiment the
incinerated process gas is passed by duct 32 to the third stage heat exchanger 18 which
is a water heater. The process gas exiting the second stage heat exchanger is passed
in indirect heat exchange relationship with water contained in the water heater 18 for
heating the water. At the same time, the process gas passing through the water heater
18 is further cooled for venting to the atmosphere through a stack 33.

Having above described the major components and method of operation of a
preferred embodiment of fume incinerator according to the invention, reference may
now be had to Figs. 2-5 wherein the various components of the incinerator 10 are
shown in a preferred arrangement. As shown, the various components of the
incinerator are mounted to a platform 40 which may be elevated in relation to an oven

associated therewith. The inlet duct 21 is connected to the first stage reaction chamber
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14 which is a horizontally disposed, direct flame, cyclonic type thermal oxidizer. As
shown, the thermal oxidizer has an externally mounted packaged burner 42.

The outlet of the first stage reaction chamber 14 is connected to the duct 23
which has a first leg 44 that extends initially horizontally and then upwardly to a
second horizontal leg 45 extending transversely to the first leg 44 for connection to the
first stage heat exchanger 15. The duct 24 extends from the first stage heat exchanger
initially generally parallel to the horizontal leg 45 of the duct 23 and then transversely
for connection to the second stage reaction chamber 16. The second stage reaction
chamber is a horizontally disposed, direct flame, thermal oxidizer of cyclonic type
having an externally mounted package burner 46. The outlet of the second stage
reaction chamber is connected by duct 25 to the first stage heat exchanger 15 which in
turn is connected by duct 26 to the second stage heat exchanger 16. As shown, the
incinerated process gas leaving the second stage reaction chamber 16 travels along an
essentially straight linear path to the first stage heat exchanger 15, then the second stage
heat exchanger 17 and then to the fan 19 for venting to the atmosphere through stack
33. In the incinerator as shown in Figs. 2-5, the third stage heat exchanger 18 has
been omitted, but may be included between the second stage heat exchanger 17 and the
fan 19.

The second stage heat exchanger 17 is connected by a duct 48 to the blower 27
which supplies fresh air for passage through the second stage heat exchanger in indirect
heat exchange relationship with the incinerated process gas and then through a
downwardly directed duct 50 to the oven 11.

Although the invention has been shown and described with respect to a preferred
embodiment, it is obvious that equivalent alterations and modifications will occur to
others skilled in the art upon the reading and understanding of this specification. The
present invention includes all such equivalent alterations and modifications, and is

limited only by the scope of the following claims.
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What is claimed is:

1. A fume incinerator for eliminating fumes from a process gas comprising

a first stage reaction chamber for preheating the process gas to a first
temperature;,

a second stage reaction chamber for heating the preheated process gas to a
second temperature higher than said first temperature; and

a first stage heat exchanger for exchanging heat from the process gas exiting
from said second stage reaction chamber to the preheated process gas passing from said
first stage reaction chamber to said second stage reaction chamber.

2. An incinerator as set forth in claim 1, wherein said first stage and second
stage reaction chambers are direct flame oxidation chambers.

3. An incinerator as set forth in claim 2, wherein said first temperature is
at least about 800°F and said second temperature is at least about 1300°F.

4, An incinerator as set forth in claim 1, in combination with a thermal
process chamber from which the process gas is exhausted, said incinerator further
comprising a second stage heat exchanger for exchanging heat from the process gas
exiting said first stage heat exchanger to a process gas supplied to said thermal process
chamber.

5. A thermal oxidizer for eliminating combustible fumes from an oxygen
bearing process gas comprising:

a first stage oxidation chamber for heating the process gas to a first
temperature for preoxidizing organic constituents in the process gas;

a second stage oxidation chamber for heating the preoxidized process gas
to a second temperature higher than said first temperature; and

a first stage heat exchanger for exchanging heat from the process gas
exiting from said second stage oxidation chamber to the preoxidized process gas passing
from said first stage oxidation chamber to said second stage oxidation chamber.

6. A thermal oxidizer as set forth in claim 5, wherein said first and second
stage oxidation chambers are of direct flame type.

7. A thermal oxidizer as set forth in claim 6, wherein said second stage

oxidation chamber is of cyclonic type.
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8. A thermal oxidizer as set forth in claim 7, wherein said first stage
oxidation chamber is of cyclonic type.
9. A thermal oxidizer as set forth in claim 5, wherein said first temperature

is in the range of 700 to 900°F and said second temperature is in the range of 1200 to
1500°F.

10. A thermal oxidizer as set froth in claim 9, wherein said first temperature
is about 800°F and said second temperature is about 1400°F.

11. A thermal oxidizer as set forth in claim 5, further comprising a draft fan
downstream of said oxidation chambers and heat exchanger.

12. A system comprising a thermal process chamber and a thermal oxidizer
for eliminating fumes from an oxygen bearing process gas exhausted by said process
chamber; said thermal oxidizer comprising |

a first stage oxidation chamber for heating the process gas to a first
temperature for preoxidizing organic constituents in the process gas,

a second stage oxidation chamber for heating the prebxidized process gas
to a second temperature higher than said first temperature, and

a first stage heat exchanger for exchanging heat from the process gas
exiting from said second stage oxidation chamber to the preoxidized process gas passing
from said first stage oxidation chamber to said second stage oxidation chamber.

13. A system as set forth in claim 12, wherein said thermal oxidizer further
comprises a second stage heat exchanger for exchanging heat from the process gas
exiting said first stage heat exchanger to a process gas supplied to said thermal process
chamber.

14, An incineration method for eliminating fumes from a process gas
comprising the steps of:

preheating the process gas in a first state reaction chamber to a first
temperature;

heating the preheated process gas in a second state reaction chamber to a second
temperature higher than the first temperature; and

exchanging, in a first stage heat exchanger, heat from the process gas exiting
from said second stage reaction chamber to the preheated process gas passing from said

first stage reaction chamber to said second stage reaction chamber.
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15.  Anincineration method as set forth in claim 14, wherein said preheating
step includes exposing the process gas to a direct flame in the first stage reaction
chamber and said heating step includes exposing the process gas to a direct flame in the
second stage reaction chamber.

16.  An incineration method as set forth in claim 14, wherein said first
temperature is at least about 800°F and said second temperature is at least about
1300°F.

17.  Anincineration method as set forth in claim 14, comprising the steps of:

directing the process gas from a thermal process chamber to the first stage
reaction chamber for preheating, and

exchanging, in a second stage heat exchanger, heat from the process gas exiting
the first stage heat exchanger to a process gas supplied to the thermal process chamber.

18.  An incineration method as set forth in claim 14, for eliminating
combustible fumes from an oxygen bearing process gas, wherein the preheating step
includes heating the process gas to a first temperature for preoxidizing organic
constituents in the process gas, and the heating step includes heating the preoxidized
process gas to a second temperature higher than the first temperature.

19.  An incineration method as set forth in claim 18, wherein said preheating
and heating steps include exposing the process gas to direct flame in first and second
stage oxidation chambers respectively forming the first and second-stage reaction
chambers, respectively.

20.  An incineration method as set forth in claim 19, wherein the first and

second stage oxidation chambers are of cyclonic type.
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