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[57] ABSTRACT 

A method and apparatus for stripping entrained organic 
vapor and solid particulate matter from a pyrolytic 
off-gas stream is disclosed. The off-gas is introduced at 
the top of a conical chamber having a variable speed 
"squirrel cage" rotor at its top. The wet, dirty, off-gas is 
drawn into the rotor from below and impinged upon the 
chamber walls which causes part of the organic vapor 
to condense and flow to the chamber bottom, thereby 
cleaning the chamber walls. A portion of the impinged 
gas is recirculated through the rotor while the remain
der exits at the chamber bottom. The ratio of recycled 
gas to through gas is controlled by the speed of the 
rotor. Heating and cooling coils on the chamber walls 
are operable to control the rate of condensation. 

~8 
I 

17 Claims, 3 Drawing Figures 
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METHOD FOR THE RECOVERY OF CLEAN 
PYROLYSIS OFF-GAS AND A ROTARY 

RECYCLING MEANS THEREFOR 

2 
well known irt the art. The wet, dirty, pyrolytic off-gas 
is then transported to the apparatus of the present inven
tion. This apparatus consists of a substantially closed 
chamber which is preferably in the form of an inverted 

BACKGROUND OF THE INVENTION 
5 cone. A variable speed rotor is located in the interior of 

the cone near its top. The variable speed rotor is prefer-
!. Field of the Invention ably of the "squirrel cage" type and is in the form of a 
The present invention relates to a method and appara- cylinder having rotor blades along its periphery, a 

tus for the removal of particulate matter and organic closed top surface and an open bottom surface. A 
vapors from pyrolytic. off-gases. More specifically, it 10 stripped gas outlet and condensed organic vapor outlet 
relates to a method and apparatus in which the pyro- are located at the bottom of the chamber. The wet, 
lytic off"gases are recycled through a rotary recycling dirty, pyrolytic off-gas is introduced at the top of the 
device. chamber by either a forced gas blower upstream from 

2. Brief Description of the Prior Art the chamber inlet or by a suction blower downstream 
The pyrolytic treatment of organic substances, such 15 from the stripped gas outlet. As the off-gas is introduced 

as the pyrolytic treatment of heavy oil to produce gaso- in the chamber, it flows around the rotor and down-
line, is well known. It is also well known that a pyro- ward in the direction of the stripped gas outlet. How-
lytic process produces an organic off-gas which can be ever, as it moves into the area immediately adjacent the 
used as a feed stock, for chemical synthesis or as a fuel downstream end of the rotor, the off-gas is drawn into 
in a burner. However, the pyrolytic off-gas tends to 20 the rotor and is centrifugally flung in a substantially 
include significant amounts of particulate solid matter horizontal. direction to impinge upon the side walls of 
and organic vapors which make the off-gas unsuitable the chamber. As the wet, dirty, off-gas impinges upon 
as a fuel in devices which are sensitive to fuel impurities the side walls of the chamber, a portion of the organic 
and which also cause undesirable emissions to the atmo-

25 
vapor is condensed on the walls and a portion of the 

sphere during combustion. particulate matter remains with rthe condensed vapor. 
Efforts have been made in the past to clean the partic- The condensed vapor is then able to flow downwards 

ulate matter and organic vapors from pyrolytic off- towards the condensed vapor outlet for further process-
gases. Su.ch methods have included the use of cyclones, . 
condensers, filters and scrubbers. However, these meth- mg. 

The configuration of the walls of the chamber is such ods included serious disadvantages and drawbacks such 30 
as incomplete cleaning of the gas, poor product recov- that the impinged off-gas tends to flow back towards 
ery, duct fires, clogging of small orifices and tubes by the area immediately adjacent the downstream and of 
tars and solids and thermal damage to the pyrolytic oils the rotor. A portion of this impinged gas is therefore 
resulting from the relative long residence times required recycled back into the rotor for further impingement 
for condensation in passive devices. The inability to 35 and condensation of the entrained vapor. The remain-
overcome these problems has caused several research der of the impinged gas is able to flow downward 
institutions to abandon pyrolysis research and has con- toward the. gas outlet under the influence of the forced 
tributed to the failure of several highly publicized dem- air blower or the suction blower. The precise propor-
onstration projects. tion of gas which is recycled to gas that which proceeds 

SUMMARY OF THE INVENTION 
40 to the gas outlet can be controlled by the velocity of the 

It is therefore an object of the present invention to 
provide a method and apparatus for the removal of solid 
particulate matter and organic vapors from a stream of 
pyrolytic off-gas. 45 

It is a further object of the present invention to pro
vide a method and apparatus in which a selected frac
tion of organic vapor can be condensed from the pyro-
1 ytic off-gas. 

It is a further object of the present invention to pro- 50 
vide a method and apparatus in which the off-gas is 
recycled in a variable ratio to permit an optimum bal
ance of stripping and power consumption for a variety 
of feeds and emission limits. 

It is a further object of the present invention to pro- 55 
vide a method and apparatus which causes minimal 
thermal damage to the pyrolytic oils. 

It is a further object of the present invention to pro
vide a method and apparatus in which small orifices and 
tubes are not clogged by accummulated tars and solids. 60 

It is a further object of the present invention to pro
vide an apparatus which is self cleaning during opera
tion. 

It is a final object of the present invention to provide 
a rotary recycling apparatus which is simple and inex- 65 
pensive to construct. 

Accordingly, in the present invention, a wet, dirty, 
pyrolytic off-gas is produced in a pyrolytic process as is 

rotor. It is therefore possible to precisely control the 
ratio of vapor and particulate solids which is removed 
from the off~gas. 

Heating or cooling means may be incorporated into 
the walls of the chamber to contml the temperature of 
the chamber walls. By selecting a desired temperature 
for the chamber walls, it is possible to further control 
the precise degree of condensation of entrained vapor 
during the impingement of the off-gas upon the cham-
ber walls, thereby selecting the condensate fraction 
which is to be removed. 

The flow of condensed vapor down the walls of the 
chamber affectively cleans the chamber during opera
tion. Further, the apparatus lacks small orifices and 
tubes which might be susceptible to clogging by accum
mulated tars and solids. Further, the apparatus is simple 
and easily constructed while the method provides for 
rapid treatment of the off-gas to thereby minimize ther
mal damage to the pyrolytic oils. 

BRIEF DESCRIPTION OF THE L>RA WINGS 

Various other objects, features and attendant advan
tages of the present invention wirn be more full appreci
ated as the same becomes better understood from the 
following detailed description when considered in con
nection with the accompany drawings, wherein like 
reference characters designate like or corresponding 
parts throughout the several views, and wherein: 
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FIG. 1 is a top view, partially cut away, of the appa
ratus of the present invention; 

FIG. 2 is a schematic cross sectional side view of the 
apparatus of the present invention; and 

FIG. 3 is an oblique view of the rotor in the present 5 
invention, seen from slightly below elevation. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

4 
solid particulate matter remains with the condensed 
vapor. The condensed vapor droplets 36 flow down
wards, under the influence of gravity, toward the sump 

The method and apparatus of the present invention 
will be now be described with reference to the attached 
FIGURES in which the numbering of the various ele
ments will remain constant throughout the various 
FIGURES. 

24 where they are collected. As the droplets 36 flow 
downward, they pick up additional particulate matter 
which tends to clean the inner surfaces of the walls 4. 
The droplets 36 are prevented from entering the gas 
outlet 18 by the baffle 28. The impinged gas 38, after 
impinging upon the walls 4, tends to flow downwards 

10 under the influence of blower 20 or blower 22, and also 
tends to flow towards the axis 8, under the influence of 
the angle of the walls 4. As a result, the impinged gas 
moves toward the area 40 immediately adjacent the 

As can best be seen from FIGS. 1 and 2, the apparatus 15 
of the present invention consists of a substantially 
closed chamber such as the inverted conical chamber 2 
having tapered walls 4. Within the chamber 2, near the 
top thereof, is located a rotor 6 which rotates about a 
vertical axis which is concentric with the axis 8 of the 20 
chamber. The rotor 6 is rotated by a variable speed 
drive 10 through drive shaft 12 which extends through 
the top surface 14 of the chamber. The pyrolytic off-gas 
enters the chamber 2 through an inlet conduit 16 while 
the stripped off-gas exits the chamber through outlet 25 
conduit 18. The movement of the pyrolytic off-gas 
through the chamber is induced either by forced gas 
blower 20 or suction blower 22. A condensed vapor 
sump 24 at the bottom of the chamber collects con
densed vapor and is controlled by valve 26 to drain the 30 
sump when desired. A baffle 28 surrounds the junction 
of the off-gas outlet 18 and the chamber so as to prevent 
condensed vapor from flowing into the off-gas outlet. 

The rotor, as can best be seen from FIG. 3, is a "squir-
rel cage" type rotor which is in the form of a cylinder. 35 
The rotor cylinder has an open bottom, a closed top 30 
and rotor blades 32 about the entire circumference of its 
periphery. 

The preferred method of the present invention will 
now be described with reference to the above-described 40 
preferred embodiment of the apparatus. A wet, dirty, 
pyrolytic off-gas containing organic vapors and solid 
particulate matter of a type which is well known in the 
art, is vented from a pyrolytic processing apparatus into 
inlet conduit 16. The wet, dirty, off-gas is then either 45 
forced by forced gas blower 20, or drawn by suction 
blower 22, into the inlet of chamber 2 of the rotary 
recycling device. The off-gas, whose flow can be seen 
from the arrows in FIG. 2, strikes the solid top surface 
30 of the rotor and flows around the rotor and down- 50 
ward under the action of blower 20 or 22. As the off-gas 
passes below the bottom edge 34 of the rotor, it be
comes subject to the influence of the rapidly rotating 
rotor 6. As the rotor 6 rotates, the off-gas within the 
cylinder defined by the rotor is centrifugally forced 55 
outwards by the rotor blades in a substantially perpen
dicular direction. As the off-gas within the cylinder is 
forced outwardly, there results a suction effect which 
tends to draw gas from immediately below the rotor 
into the interior of the rotor to be subsequently forced 60 
outward by the rotor blades. This creates a continuous 
movement of off-gas from the area immediately below 
the rotor in an upwardly and outwardly direction 
towards the chamber walls. 

As the outwardly moving off-gas stream impinges 65 
upon the outer walls 4 of the chamber, a portion of the 
organic vapor entrained therein condenses on the inte
rior surface of the chamber walls 4. A portion of the 

lower end of the rotor 6. Therefore, the impinged gas 
again becomes subject to the influence of the rotor and 
a portion of the impinged gas is again drawn into the 
rotor 6 and recycled so that it again impinges upon the 
walls 4. An additional portion of the intrained organic 
vapors are therefore condensed and the again impinged 
off-gas is again directed towards the area 40 immedi
ately adjacent the lower end of the rotor 6. 

Not all of the impinged gas is recycled through the 
rotor 6. Due to the influence of the blower 20 or the 
blower 22, a portion 42 of the impinged gas continues to 
travel downwards and out of the chamber through the 
outlet 18 to a further process such as a chemical reactor 
or burner. By controlling the rate of rotation of the 
rotor, it is possible to select the ratio of recycled off-gas 
to the ratio of through off-gas 42 so that a desired de
gree of organic vapor stripping can be achieved. 

A heating and a cooling device, such as coils 44 may 
be provided on the walls 4 of the chamber. The coils 44 
can be activated to selectively heat or cool the chamber 
walls as desired. By selectively heating or cooling the 
chamber walls, one may control the rate of condensa-
tion of entrained organic vapor for each cycling of the 
off-gas through the rotor. It is therefore possible to 
select the desired fraction of the entrained organic 
vapor in the off-gas stream which is to be condensed 
during impingement upon the walls. By cooling the 
walls, one may condense both oils and water, or by 
heating the walls, one may condense only heavy oil 
leaving the water vapor and volatile organics in the 
output gas stream. 

The rotor itself is continuously cleaned during opera
tion by centrifugal force and by the flow of the off-gas 
through the rotor. 

If desired, two or more of the rotary recycling de-
vices may be connected in series with walls of different 
temperatures so that different fractions of the entrained 
organic vapors can be selectively condensed in each 
device. 

The chamber 2 need not be an inverted cone but can 
be cylindrical, spherical or any other shape provided 
only that the off-gas expelled by centrifugal force from 
the rotor can impinge against the walls and will be 
directed back towards the inlet of the rotor. 

The direction of flow of the off-gas can be down-
ward, upward, horizontal, or any other direction so 
long as the overall throughput direction is parallel to 
the axis of rotation of the rotor. 

The inner wall of the vessel may be smoothed, ribbed, 
rough, or any other surface texture best suited to the 
material being processed. Heating or cooling may sup
plied to the container's outer wall by any desired 
method. 
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The rotor may be of any design which draws gas 
from its downstream side arid expells it by centrifugal 
force towards: the wall of the .chamber. 

In the case of fine droplets ofliquid which are en
trained in the incoming off-gas, the relatively large 5 
droplets which strike the upper surface of the rotor are 
divided into a fine aerosol· prior to reaching the lower 
side of the rotor where they are drawn into the rotoi-'for 
recycling. This feature improves the self cleaning prop
erties of the device and reduces the amount of power 10 
required for its operation. 

The apparatus of the present invention is a simple, 
inexpensive device which can be of any size depending 
only upon the volume of the off-gas stream which is to 
be processed. 15 

Further, the apparatus and method of the present 
invention are not limited to the cleaning of pyrolytic 
off-gas. Indeed, the method and apparatus are usable 
with any type of wet, dirty gas stream. For example, the 
method and apparatus of the present invention could be 20 

used to clean the off-gas from smelters, incinerators, 
restaurant kitchen stacks, etc. 
. Obviously, many modifications and variations of the 

present invention are possible in light of the above 
25 teachings. It is therefore to be understood that within 

the scope of the appended claims, the invention may be 
practiced otherwise than as specifically described 
herein. 

What is claimed as new and desired to be secured by 30 
Letters Patent of the United States is: · 

1. A method for cleaning off-gas having particulate 
solids and organic vapors entrained therein, said 
method comprising the steps of: 

introducing said off-gas into the upstream end of a 35 
substantially closed chamber; 

utilizing a rotor rotating about an aixs which is paral-
lel to the overall .direction of off-gas flow, to radi
ally deflect said off-gas so that said off-gas im
pinges upon a wall of said chamber and to draw 40 
off-gas only from adjacent the downstream side of 
said rotor and force said off-gas in a substantially 
radial direction so as to impinge upon the walls of 
said chamber whereby a portion of said vapors are 
condensed and recovering purified gas. 45 

2. The method of claim 1 wherein said off-gas is a 
pyrolytic off-gas. 

3. The method of claim 2 including the step of: 
adjusting the velocity of rotation of said rotor 

whereby said recirculation is performed an opti- 50 
mum number of times for a given portion of said 
off-gas. 

4. The method of claim 3 including the steps of: 
permitting said condensed vapor to drain towards 

said downstream end; 55 
withdrawing said condensed vapor through an outlet 

at said downstream end; and 
withdrawing said clean off-gas through a second 

outlet at said downstream end. 
5. The method of claim 3 including the step of heating 60 

said chamber walls. 
6. The method of claim 3 including the step of cool-

ing said chamber walls. 
7. An off-gas cleaning apparatus comprising: 
a substantially closed chamber having an axis; 65 
means for introducing off-gas having particulate 

solids and organic vapors entrained therein, into 
the upstream axial end of said chamber; 

6 
means associated with said chamber for inducing said 

off-gas to move towards the downstream axial end 
of said chamber; 

rotor means adjacent said upstream axial end of said 
chamber and adapted only for centrifugally induc
ing a portion of said off-gas from an area down
stream of said rotor means to move in a radial 
direction to peripheral walls of the chamber, said 
rotor means rotating about an axis parallel to said 
chamber axis; 

means for impinging said off-gas and condensing said 
vapors in said radially moving off-gas, said means 
for impinging and condensing comprising the pe
ripheral walls of said chamber; 

an outlet for said condensed vapor downstream from 
said rotor means; and 

an outlet for said off-gas downstream from said rotor 
means, wherein said rotor means is in the form of a 
cylinder being coaxial with said chamber axis and 
having rotor blades about the entire circumference 
of its peripheral surface, an open downstream axial 
surface and a closed upstream axial surface 
whereby only off-gas from the downstream side of 
said rotor means is drawn iillto said rotor means. 

8. The off-gas cleaning apparatus of claim 7 wherein 
said means for introducing off-gas communicates with a 
pyrolytic treatment apparatus. 

9. The off-gas cleaning apparatus of claim 7 or claim 
8 wherein said peripheral walls olf said chamber include 
heating and cooling means. 

10. The off-gas cleaning apparatus of claim 7 or claim 
8 including a baffle adjacent said off-gas outlet. 

11. The off-gas cleaning apparatus of claim 7 or claim 
8 including variable speed means for rotating said rotor 
means. 

12. The off-gas cleaning apparatus of claim 7 or claim 
8 wherein said peripheral walls of said chamber are of a 
form which causes said impinged off-gas to be directed 
adjacent the area immediately downstream from said 
rotor means. 

13. The off-gas cleaning apparatus of claim 12 
wherein said chamber is in the form of a cone whose 
apex is in said downstream direcltion. 

14. An off-gas cleaning apparatus comprising: 
a source of off-gas having particulate solids and va

pors entrained therein; 
a substantially closed conical chamber having an axis, 

an upstream base end and a downstream apex end; 
conduit means connected between said source and 

said upstream end of said chamber for introducing 
said off-gas into said chamber; 

means associated with said chamber for inducing said 
off-gas from said upstream end towards said down
stream end; 

a rotor adjacent the upstream end of said chamber, 
said rotor being of the squirrel cage type and com
prising a cylinder rotatable about an axis which is 
coaxial with said chamber axis, said cylinder hav
ing rotor blades on its peripheral walls, an open 
downstream axial surface and a closed upstream 
surface; 

variable speed means for rotating said rotor whereby 
only off-gas from adjacent the downstream end of 
said rotor is radially expelled from said rotor to 
impinge upon the peripheral walls of said chamber 
whereby a portion of said entrained vapor is con
densed and flows downward, said conical periph
eral walls further causing said impinged off-gas to 
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8 
be directed adjacent the area immediately down
stream from said rotor so that a portion of said 
impinged off-gas is recirculated through said rotor; 

heating and cooling means associated with said pe
ripheral walls; 

a clean off-gas outlet at said downstream apex of said 
chamber; 

15. The off-gas cleaning apparatus of claim 14 
wherein said source of off-gas is, a pyrolytic treatment 
apparatus and said vapors are organic vapors. 

16. The off-gas deaning apparatus of claim 7 or claim 
5 15 wherein said means for inducing said off-gas to move 

towards said downstream end is a suction means located 
downstream from said off-gas outlet. 

a condensed vapor outlet at said downstream apex of 10 
said chamber; and a baffle partially covering said 
clean off-gas outlet. 

17. The off-gas cleaning apparatus of claim 7 or claim 
15 wherein said means for inducing said off-gas to move 
towards said downstream end is a forced gas blower 
located upstream from said rotor. 

* * * * * 
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