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FIG. 1

thermal reactions i pyrolysis and other
thermal conversion processes. In an em-
bodiment, a system comprises a device,
referred to as a reamer, for removing
product deposits between thermal conver-
sion and condensation operations of a py-
rolysis process. The reamer may com-
prise, but is not limited to, a mechanical
reciprocating rod or ram, a mechanical

auger, a drill bit, a high-temperature

wiper, brush, or punch to remove de-
posits and prevent secondary reactions.

Alternatively or in addition, the reamer
may use a high-velocity curtain or jet
(i.e., a hydraulic or pneumatic stream) of
vapor, product gas, recycle gas, other gas
jet or non-condensing liquid to remove
deposits. Preferably, the reamer removes
deposits during the pyrolysis process al-
lowing for continuous operation of the
pyrolysis process.
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MITIGATION OF DEPOSITS AND SECONDARY REACTIONS IN THERMAL CONVERSION

PROCESSES

FIELD OF THE INVENTION

[00001] The present invention is related to pyrolysis and other thermal conversion processes,
and more particular to systems and method for reducing deposits and mitigating secondary

reactions in pyrolysis and other thermal conversion processes.
BACKGROUND OF THE INVENTION

[00002] Biomass has been the primary source of energy over most of human history. During
the 1800°s and 1900°s the proportion of the world’s energy sourced tfrom biomass dropped
sharply, as the economical development of fossil fuels occurred, and markets for coal and
petroleum products took over. Nevertheless, some 15% of the world’s energy continues to be

sourced from biomass, and in the developing world, the contribution of biomass to the energy

supply 1s close to 38%.

[00003] Solid biomass, typically wood and wood residues, 1s converted to useful products,
e.g., fuels or chemicals, by the application of heat. The most common example of thermal
conversion is combustion, where air is added and the entire biomass feed material i1s burned to
give hot combustion gases for the production of heat and steam. A second example is
oasification, where a small portion of the biomass feedstock is combusted with air in order to
convert the rest of the biomass into a combustible fuel gas. The combustible gas, known as
producer gas, behaves like natural gas but typically has between 10 and 30% of the energy
content of natural gas. A final example of thermal conversion is pyrolysis where the solid

biomass is converted to liquid and char, along with a gaseous by-product, essentially in the

absence of air.

100004} In a generic sense, pyrolysis or thermal cracking is the conversion of biomass, fossil
fuels and other carbonaceous feedstocks to a liquid and/or char by the action of heat, normally
without using direct combustion in a conversion unit. A small quantity of combustible gas is
also a typical by-product. Historically, pyrolysis was a relatively slow process where the
resulting liquid product was a viscous tar and “pyrolygneous’ liquor. Conventional slow
pyrolysis has typically taken place at temperatures below 400 °C and at processing times
ranging from several seconds to minutes prior to the unit operations of condensing the product
vapors into a liquid product. The processing times can be measured 1n hours for some slow

pyrolysis processes used for charcoal production. The distribution of the three main products
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from slow pyrolysis of wood on a weight basis is approximately 30 - 33% liquid, 33 -35% char

and 33-35% gas.

[00005] A more modern form of pyrolysis, termed fast pyrolysis, was discovered in the late
1970°s when researchers noted that an extremely high yield of a relatively non-viscous liquid
(i.e., a liquid that readily flows at room temperature) was possible from biomass. In fact, liquid
yields approaching 80% of the weight of the input woody biomass material were possible if the
pyrolysis temperatures were moderately raised and the conversion was allowed to take place
over a very short time period, typically less than 5 seconds. In general, the two primary
processing requirements to meet the conditions for fast pyrolysis are very high heat flux to the
biomass with a corresponding high heating rate of the biomass material, and short conversion
times followed by rapid quenching of the product vapor. Under the conditions of fast pyrolysis
of wood the yields of the three main products are approximately, 70-75% liquid, 12-14% char,
and 12-14% gas. The homogeneous liquid product from fast pyrolysis, which has the
appearance of espresso coffee, has since become known as bio-oil. Bio-oil is suitable as a fuel
for clean, controlled combustion in boilers, and for use in diesel and stationary turbines. This
is in stark contrast to slow pyrolysis, which produces a thick, low quality, two-phase tar-

aqueous mixture in very low yields.

[00006] In practice, the fast pyrolysis of solid biomass causes the major part of its solid
organic material to be instantaneously transformed into a vapor phase. This vapor phase
contains both non-condensable gases (including methane, hydrogen, carbon monoxide, carbon
dioxide and olefins) and condensable vapors. It is the condensable vapors that, when
condensed, constitute the final liquid bio-oil product, and the yield and value of this bio-oil
product is a strong function of the method and efficiency of the downstream capture and
recovery system. The condensable vapors produced during fast pyrolysis will continue to react
as long as they remain at elevated temperatures in the vapor phase, and therefore must be
quickly cooled or “quenched” in the downstream process. If the desired vapor products are not
rapidly quenched shortly after being produced, some of the constituents will crack to form
smaller molecular weight fragments such as non-condensable gaseous products and solid char,
while others will recombine or polymerize into undesirable high-molecular weight viscous

materials and semi-solids.

[00007] As a general rule, the vapor-phase constituents will continue to react at an appreciable
rate, and thermal degradation will be evident, at temperatures above 400°C. If a fast pyrolysis

process is to be commercially viable, it is therefore extremely important to instantaneously
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quench the vapor stream, after a suitable reaction time, to a temperature below about 400°C

preferably less than 200 °C and more preferably less than 50 °C. Such a requirement to rapidly
cool a hot vapor stream is not easily accomplished in scaled-up commercial fast pyrolysis
systems. As the rapid cooling is effected, certain components in the vapor stream (particularly
the heavier fractions) tend to quickly condense on cooler surfaces (1.e., transfer lines and
ducting to the condensers) causing deposition and fouling of the equipment, and also resulting
in the creation of a mass of warm liquid where additional secondary polymerization and
thermal degradation can occur. In these regions where there i1s a temperature gradient between
the hot reaction temperature and the lower condenser temperature, 1t 1s therefore critical to
mitigate against condensing vapor deposition and the occurrence of resultant unwanted thermal
reactions. The condensation and deposition phenomena described above can also apply to the

thermal conversion of petroleum, fossil fuel and other carbonaceous teedstocks (e.g., the

thermal upgrading of heavy oil and bitumen).

[00008] Therefore, there is a need for systems and methods that reduce such deposition and

mitigate secondary reactions.

SUMMARY

[00009] Described herein are systems and methods for reducing cumulative deposition and

unwanted secondary thermal reactions in pyrolysis and other thermal conversion processes.

[00010] In an embodiment, a system comprises a device, referred to as a reamer, for removing
product deposits between thermal conversion and condensation operations of a pyrolysis
process. The reamer may comprise, but is not limited to, a mechanical reciprocating rod or
ram, a mechanical auger, a drill bit, a high-temperature wiper, brush, or punch to remove
deposits and prevent secondary reactions. Alternatively or in addition, the reamer may use a
high-velocity curtain or jet (i.e., a hydraulic or pneumatic stream) of steam, product gas, recycle
gas, other gas jet or non-condensing liquid to remove deposits. Preferably, the reamer removes

deposits during the pyrolysis process allowing for continuous operation of the pyrolysis

process.

[00011] The present invention is not limited to applications involving the fast pyrolysis of
biomass feedstocks. The present invention can be used in the fast pyrolysis or rapid cracking
of any carbonaceous feedstock that is subjected to fast thermal conversion, including the
thermal conversion, refining, gasification, and upgrading of all biomass, petroleum and fossil
fuel feedstocks. Furthermore, the present invention 1s not limited only to applications between

the thermal conversion system and the condensing system, but includes other areas in the
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thermal process where a thermal gradient exists, and where products are thermally reactive
and subject to unwanted deposition and secondary thermal feactions. For example, there are
situations where a product gas', which is being recycled to the thermal conversion unit for
various purposes, may contain some residual vapors that are subject to deposition and
secondary thermal reactions. The present invention may also be applied to prevent such an

ocCuITencce.

[00011a] | According to one embodiment of the present invention, there is provided a
method for removing deposits in a pyrolysis assembly having a thermal reactor fluidly
coupled With a pipeline to a condensing chamber, comprising: (1) forming a vapor stream
within the assembly by pyrolysis; (i1) supplying the vapor stream continuously to the
condensing chamber via the pipeline; (iii) quenching at least a portion of the vapor stream in
the condensing charhber forming a hot-cold zone in the pipeline and causing deposits to form;
(iv) sensing deposits in the pipeline with a pressure differential element; and (v) removing at
least a portion of the deposits by injecting a gaseous, vapor or liquid stream through a
retractablé nozzle, wherein the injection of the stream is controlled using a controller in

communication with the pressure differential element.

[00011b] According to another embodiment of the present invention, there is provided a
method for removing deposits in a pyrolysis assembly having a thermal reactor fluidly
coupled with a pipeline to a condensing chamber, comprising: (1) fonning a vapor stream
within the assembly by pyrolysis; (i1) supplying the vapor stream continuously to the
condensing chamber via the pipeline; (iii) quenching at least a portion of the vapor stream 1n
the condensing chamber forming a hot-cold zone in the pipeline and cauSing deposits to form,; .
(iv) sensing deposits in the pipeline with a pressure differential element; and V) remo%xing at
least a portion of the deposits by using a reamer, wherein the reamer is controlled using a

controller in communication with the pressure differential element.

1000 12] The above and other advantages of embodiments of the present ihvention will be
apparent from the following more detailed description when taken in conjunction with the

accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

. [00013] FIG. 1 is a schematic representation of a mechanical reamer with a remprocatmg ram

head according to an embodiment of the present invention.

[00014] FIG. 2 shows a,-cross—sectlonal view of the ram head of the mechanical reamer

eecording to an embodiment of the present invention,
[00015] FIG. 3 shows a front view of the ram head of the mechanical reamer according to an

embodiment of the present invention.

[00016] FIG 4 shows the mechanical reamer installed in a pyrolysis process according to an
embodiment of the present invention.
[00017] FIG. 5 is a schematic representatioh of a mechanical reamer having a high pressure

nozzle head according to an embodiment of the present invention.

[00018] FIG: 6 shows a side view of the high pressure nozzle head according.to an

embodiment of the present invention.

[00019] FIG. 7 shows a front view of the high pressure nozzle head according to an

embodiment of the present mventlon

[00020] FIG. 8 is a schematic representatnon of a mechanical reamer with an auger according

to an embodiment of the present invention.

[60021] FIG. 9 is a schematic representation of a mechanical reamer with an wire brush head

~ according to an embodnment of the present invention.

DETAILED DESCRIPTION

[00022] Figure 1 shows a mechanical reamer according to an exemplary embodiment of the

present invention. In this exemplary embodiment, the reamer is configured to clear material

4a
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build up in a pipeline 5 used for transporting a hot vapor stream to a condensing column or

~ chamber 7 in a pyrolysis process. Details of an exemplary pyrolysis process in which the
‘reamer can be used are given in U.S. Patent Application Serial No. 11/943,329, published as
U.S. Patent Application Publication No. 2009/0139851, and titled "Rapid Thermal Conversion

of Biomass," filed on November 20, 2007.

[00023] The hot vapof stream flows through the pipeline 5 in the direction 9, émd enters the
condensing camber 7 where the hot vapor stream is quenched with a cool lxqu:d to condense
the hot vapor mto a hquxd product. A hot-cold interface zone forms around the interface -
 between the pzpehne 5 and the condensing camber 7. Due to the hot-cold mterface Zone,
deposition of solid material (not shown) in the pipeline 5 occurs in the hot-cold interface zone.
In one embodiment, the hot vapor stream comprises vaporized btomass (e.g., wood) that
deposits solid carbonéccoUs ‘material in the pipeline 5 in the hot-cbl_d interface zone. Asthe
a§posited material builds up in the pipeline 5, the flow of vapor in the pipeline 5 is impeded.
In this embodirnent,' the reamer is activatcd to clear the deposited material from the pipeline 5

during operation when a pressure differential across the hot-cold interface zone reaches a

certain level.

[00024] Referring to Figures 1-3, the reamer compfises' a rod or shaft 10, a ram head 15 |
attached to one ‘énd of the rod 10, and a mechanical actuator 20 mechanically coupled to the
cher' end of the rod 10 for moving the rod 10 and ram head 15 in a,reciproéating-motion '
between a retracted position 23 and an extended'position 27. Exemplary mechanical actuators
include, but are not limited to, rack and pinion, hydraullc or pneumatic actuators. ‘In this -
embodiment, the plpehne 5 includes a section 30 coupled to the inlet port 35 of the chamber 7
atan angle. The angle facilitates the removal of the deposits by allowing gravity to deliver into
the proximate high-velocity product stream. The ram head 15 and rod 10 of the reamer move
within this. sectlon 30 of the pipeline 5. The mechanical actuator 20 1s'mounted on a bracket 45
that 3 is bolted to a closed end of this section 30 of the pipeline 5. Another section of the
pipeline 37 coupled to the source of the vapor stream is coupled to section 30 of the pipeline 5
at approximately the midpoint. In the retracted position 23, the ram head 15 is positioned -
behind the re.g:ion where sections 30 and 37 of the pipeline 5 are coupled to facilitate the flow
of hot vapor throu gh the pipeline 5 when the reamer is not in use.- The reamer includes a seal

42 around the rod 10 at the point the rod 10 enters the pipeline 5. The seal 42 al lows the rod 10

to reciprocate while sealing the pipeline 5 from the outside to maintain a seal between the
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process and the atmosphere. The seal 42 may comprise a mechanical seal or a high

temperature packing glad, e.g., that uses graphite as a packing material around the rod.

[00025] Rcferriﬁg to Figures 2 and 3, the ram head 15 is generally cylindrical with a beveled
front edge 17 to break the deposited material, which may be hard and somewhat sticky. Other
shapes or devices may be used for the front edge besides a beveled shape. Examples include, .
but are not limited to, a sﬁiﬁning auger, cutting head, spinning wife, brush, high-temperature

- wiper, drill-bit,.etc. The ram head 15 is attached to the rod 10 by four spokes 32 that are
welded 34 to the inner surface of the ram head 15 and the rod 10. The ram head 15 may be
attached to the rod 10 using a different number of spokes. Between the spokes 32 are openings
36 that allow vaf)or to flow though the ram head 15. The open cross-sectional area is
ﬁreferably at least 30% of the total cross-sectional area of the pipeline, and more preferably-
80%. These opening 36 allow the reamer to operate while vapor tlows through the pipeline 5.
As a result, the reamer is able clear material from the pipeline 5 without having to stop the

- pyrolysis process allowing for continuous operation.

[00026] The clearance between the ram head 15 and the inner wall of the pipélinc 5 1S
preferably between 0.125" and 0.500" inches, and more preferably 0.250" inches. The
clearance should be small to clear as much of the cross-sectional area of the pipeline as

possible, but not so small that the ram head 15 impacts the inner.wall of the pipeline 5.

[00027] Preferably, the ram head 15, spokes 32, and rod 10 are made of a robust high strehgth‘
material that can withstand the hot vapor environment in the pipeline 5. Suitable materials

' include, but are not limited to, stainless steel alloys. Preferably, areas of the ram head 15 .
subjected to wear are made of a high strength alloy and/or treated by hard surfacing. For .

example, a tungs_ten-carbide hard surface may be applied to the ram head 15.

[00028] Figure [ shows a. diagram of a control system 105 for the reamer according to an
embodiment of the invention. The control system 105 is configured to activate the reamer
- when the deposited material in the pipeline S impédes the vapor flow by a certain amount. In
this exemplary embodiment, the control system 105 includes at least two pressure sensors 110a
and 110D positioned at different ends of the hot-cold interface zone. The control system 105
also includes a controller . 29, e.g., computer system, coupled to the pressures sensors 1 103 and
110b and the reamer. The controller 105 uses the pressure readings from the pressure Sensors

[10a and 110b to measure and monitor the differential pressure across the hot-cold interface
zone during operation. As the deposited material in the pipeline 5 chokes the vapor flow, the

- differential increases. When the measured differential pressure (dP) reaches a predetermined
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level (e.g., a maximum dP), the controller 29 activates the reamer and starts the clearing
operation, in which the ram head 15 of the reanicr is moved in a reciprocating motion by the
mechanical actuator 20 to clear the deposited material from the pipeline 5. The clearing
opening is performed wh’ilé the vapor flows through-the pipeline 5 and the openings of the ram
- head 15. This alows the pyrolysis process to continue during the clearing operation.
Preferably, the sbéed of the ram head 15 is controlled to avoid impact damage of the pipe_lihe 5
by the ram head 15. Insertion rate or stroke rate be controlled, by way of éxarnple, through the
use of a needle valve on the actuator assembly of the reamer. Stroke rate is adjusted to limit -
the disturbance to the vapor and non-condensable gas stream while minimizing the mechanical
stresses to the pipe works and associated réeamer assembly. The stroke rate 1s typically adjusted
to less than 50 ft/s, more préferably to less than 10 ft/s, and more preferably to less than I fi/s.
The controller 29 monitors the differential pressure during the clearing operations and stobs
the clearing operation when the differential pressure drops below a predetermined level '

indicating that the pipeline 5 is clear. When this occurs, the ram head 15 is retracted to the

retracted position 23.

[00029] To further minimize the condensation of materials from the hot vapor stream, the
pibeline 5> may be refractory lines or insulated to avoid unwanted heat losses. In addition, the '
pipeline 5 may be heat traced to maintain the desired transfer line temperature to further
minimize condensable vapor deposition. The pipeline temperature should be kept above 400
C, preferably abdve 450, and more preferably above 500 C up to the point where quenching 1S

desired.

[00030] The reamer according to this embodiment of the invention provides several
anantages. By clearing the deposited material from the pipeline tﬁe reamer prevents
blockages that can lead to system shut down. F ufther, the reamer clears the deposited material
during Operation allowing for a continuous pyrolysis process. In other words, the pyrolysis
process does not need to stop for the reamer to clear the deposited material.  Further, by

keeping the pipeline clear during the process the reamer maintains more consistent operating
conditions during the process and prevents high pressure build up in the pipeline due to

blockage.

[00031] Figure 4 shows an example of the feamcr couialed to a pipeline 5 between a cyclonic
separator 12 and a condensing chamber 7. In this example, the cyclonic separator 12 separates
the hot vapor stream from heat carriers (e.g., sand) used to thermally covert the feedstock (e.g.,

biomass) into the hot vapor stream in a thermal conversion process. The condensing chamber 7
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quickly quenches the incoming hot vapor stream into liquid product, which creates the hot-cold

interface zone. The reamer advantageously removes product deposits that form in the pipeline
5 due to the hot-cold interface zone, and thereby prevents unwanted increases in system back
pressure and unwanted secondary reactions. The reamer may be located in other areas 1n the
thermal process where a thermal gradient exists, and where products are thermally reactive and

subject to unwanted deposition and secondary thermal reactions.

[00032] In another embodiment shown in Figure 5, a movable reamer having a high pressure
nozzle head 115 uses high-velocity gaseous, vapor or liquid jet or stream to remove deposits of
condensed product vapors. In this case, the stream is injected at a velocity of between 50 to
500 feet/second (fps) to dislodge the condensed product, e.g., from the pipeline at or near a hot-
cold interface. More preferably, a velocity of 100 to 200 fps 1s used and most preferably, a
velocity in the range of 100 to 150 fps is used. In the example shown in Figure 5, the movable
high pressure nozzle head 115 is attached to the end of a rod 110, which moves the nozzle head
115 between the retracted position 123 and the extended position 127 during the clearing
operation. The rod 110 and nozzle head 115 may be moved via a pneumatic or hydraulic
system. A seal 142 (e.g., packing glad) forms a seal around the pipeline at the point where the
rod 110 enters the pipeline. During the clearing operation, a high-velocity stream 1s injected
into the pipeline from the high pressure nozzle head 115 to dislodge deposits from the pipeline.
The nozzle head 115 receives the high-velocity stream through a lumen in the rod 110 that 1s
fluidly coupled to a supply line 138 (e.g., a braided flex line) outside the pipeline. The high
pressure stream may be supplied by an air compressor, recycled gas (e.g., a inert by-product gas

stream) steam, nitrogen or other gaseous or vapor stream.

[00033] Figure 6 and 7 show a side view and a front view of the nozzle head 115, respectively,
according to an embodiment of the invention. The nozzle head 115 comprises a plurality of
injection holes 122 arranged circumferentially along a tapered portion 125 of the nozzle head
115 for injecting the high pressure stream onto the pipeline wall. The nozzle head 115 1s
attached to the rod 110 by a plurality of support members 117. The support members 117 have
lumens fluidly coupled to the lumen 112 of the rod for supplying the high pressure stream to
the nozzle head 115. Openings 136 between the support members 117 allow the hot vapor
stream of the pyrolysis process to flow through the nozzle head 115 during the clearing
operation. This advantageously allows the reamer to clear deposits from the pipeline wall

without having to stop the pyrolysis process.
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[00034] Figure 8 shows a reamer according to another embodiment of the present invention.

In this eﬁibodiment, the reamer cbmprises a rotating auger 225 (e.g., a helical shaft) to clear
deposits from the pipeline 5 When the reamer is activated, the rod 210 exténds the auger 225
from a retracted position 223 to an extended positiori 227 while rotating the auger 225 to .
remove the depOsits from the pipeline. The auger 225 can be rotated by an electric motor, an
afr driven mator or other driver known in the art. The rod 110 and the auger 225 may be
moved between the retracted and extended positions via a pneumatic or hydraulic system. . The
reamer may be activated when a sensed pressure differential exceeds a certain level in a manner
similar to the embodiment shown in F gure 1. Preferably, the hot product stream is allowed to

flow through the helical structure of the auger 225 for continuous Operation'of the pyrolysis

Process.

[00035] In another embodirhen_t, a reamer having a wire brush head assembly 325 is used scour
the wall of the pipeline to remove deposits of condensed product vapors, as shown in F iguré 9.
The wire bush head assembly 325 may be constructed of a high temperature, flexible abrasive
re#istant matefia_l such as stainless steel. When the reamer is activéted, the rod 310 extends the
- wire brush head 325 from the retracted position 323 to the extended position 327 to scour the
pipeline walls. The movement of the rod 310 and brush head 325 in this embodiment may be
via a pneumatic or hydraulic system. The brush head 325 can be extended and retracted with or
without a spinning action. If spinning action is used, the brush head 325 can be rotated by an
electric motor, an air driven motor or other driver known in the art. An interference fit may be
used to fit the brush head 325 within the pipeline to provide enough contact between the brush
heéd 325 and thcj: pipeline wall to remove deposited materials on the pipeline wall. Preferably,
~ the hot product stream is allowed to flow through the brush head 325 for continuous operation
of the pyrolysis process. |
[00036] The rotafional speed of the auger 225 or spinning brush head 325 may be 10 to 500
rpm, preferably 50 to 250 rbm, and more preferably between 50 and 150 rpm. The more
preferably range allows for adequate reduction of deposited materials while reducing the wear
of the rotation eqﬁipmént. |
[00037] Although the present invention has been described in terms of the presently preferred
embodiments, various alterations and modifications will no doubt become apparent to those

skilled in the art.
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CLAIMS:

l. - A method for removing deposits in a pyrolysis assembly having a thermal

reactor fluidly coupled with a pipeline to a condensing chamber, comprising:
- (i) forming a vapor stream within the assembly by pyrolysis;

(i1) supplying the vapor stream continuously to the condensing chamber via the

pipeline;

(ii1) quenching at least a portion of the vapor stream in the condensing chamber

forming a hot-cold zone in the pipeline and causing deposits to form;

(iv) sensing deposits in the pipeline with a pressure differential element; and

(v) removing at least a portion of the deposits by injecting a gaseous, vapor or
liquid stream through a retractable nozzle, wherein the injection of the stream is controlled

using a controller in communication with the pressure differential element.

2. The method of claim 1, wherein the deposits collect within the pipeline.

3. The method of claim 1, wherein the stream is injected into the pipeline at a
velocity of 50 to 500 fps.

4, The method of claim 1, wherein the stream is injected into the pipeline at a

velocity of 100 to 200 fps.

. The method of claim 1, wherein the removing step further _comprises extending

the nozzle from a retracted position to an extended position.

6. . The method of claim 1, wherein the removing step further comprises using a
reamer.
7. ' The method of claim 6, wherein the reamer comprises a ram head.

10
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8. "~ The method of claim 7, wherein the ram head comprises openings for allowing

the vapor stream to pass.

9. . The method of claim 6, wherein the reamer comprises an auger.

10. The method of claim 9, wherein the auger is rotated at a rate between 50

and 250 rpm.

11. The method of claim 9, wherein the auger is rotated at a rate between 50

and 150 rpm.

12. The method of claim 6, wherein the reamer comprises a brush head.

13. . The method of claim 12, wherein the brush head is rotated at a rate between 50
and 250 rpm. -

14. The method of claim 12, wherein the brush head is rotated at a rate between 50
and 150 rpm. .

15. A method for removing deposits in a pyrolysis assembly heving a thermal

reactor fluidly coupled with a pipeline to a condensing chamber, comprising:
(1) forming a vapor stream within the assembly by pyrolysis;

(ii) supplying the vapor stream continuously to the condensing chamber via the

pipeline;

(iii) quenching at least a portion of the vapor stream in the condensing chamber

forming a hot-cold zone in the pipeline and causing deposits to form;
(iv) sensing deposits in the pipeline with a pressure differential element; and

(v) removing at least a portion of the deposits by using a reamer, wherein the
reamer is controlled using a controller in communication with the pressure differential

element. |

11
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16. The method of claim 15, wherein the deposits collect within the pipeline.
17. ~ The method of claim 15, wherein the reamer comprises a ram head.
18. - The method of claim 17, wherein the ram head comprises openings for

allowing the vapor stream to pass.

19. The method of claim 15, wherein the reamer comprises an auger.

20. - The method of claim 19, wherein the auger is rotated at a rate between 50

and 250 rpm.

21, _ The method of claim 19, wherein the auger 1s rotated at a rate between 50

and 150 rpm.

22. The method of claim 15, wherein the reamer comprises a brush head.

23. The method of claim 22, wherein the brush head is rotated at a rate between 50
and 250 rpm. .

24. ' The method of claim 22, wherein the brush head is rotated at a rate between 50
and 150 rpm.

23. The method of claim 15, wherein the removing step further comprises 1njecting

a gaseous, vapor or liquid stream into the pipeline to remove the deposits.

26. . The method of claim 25, wherein the stream is injected at velocity of 50
to 500 {ps.

27. The method of claim 25, wherein the stream is injécted at a velocity of 100
to 200 fps.

28. ' The method of claim 25, wherein the stream is injected from a nozzle head
within the pipeline.
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29. The method of claim 28, wherein the removing step further comprises
extending the nozzle head from a retracted position to an extended position within the pipeline

while injecting the gaseous, vapor or liquid stream from the nozzle head.

13
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