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A SYSTEM AND METHOD FOR A CONSTITUENT RENDERING OF
BIOMASS AND OTHER CARBON-BASED MATERIALS

Cross-Reference to Related Applications

This application claims priority to U.S. Provisional Application No. 61/174,198, filed April

30, 2009, which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] This invention relates generally to a system and method for constituent rendering
of biomass and other carbon-based materials. More specifically, this invention relates to a
system and method for thermo-enhanced constituent rendering of biomass and other carbon-
based materials through the use of a molten heavy metal, such as, for example and without

limitation, lead.
Background of the Invention

[0002] Biomass is generally considered to be organic matter that can be converted to
fuel. Examples of biomass can be hydrocarbon-based materials as varied as orange peels,
coffee grounds, grass clippings, newspaper, polypropylene rope, plastics, tires, coal, yard

waste, fiberglass, blackberries vines, wood, logging waste, garbage, and sewage sludge.

[0003] As commonly known in the arts, heating biomass in the absence of oxygen (a
process called pyrolysis) can reduce the biomass to its constituent components. In one
example, pyrolysis of a tire can break the tire down into its constituent components
comprising steel, carbon black and oil. In another example, pyrolysis of wood can break
the wood down into its constituent components comprising light oil, a gas with properties
similar to petroleum gas, and ash. Conventional systems and methods proposed to heat
biomass for pyrolysis requires the biomass to be processed in batches, thereby reducing the
efficiency of the systems. Thus, there is a need in the art for an efficient system and method

for constituent rendering of biomass and other carbon-based materials.
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SUMMARY OF THE INVENTION

[0004] In accordance with the purposes of this invention, as embodied and broadly
described herein, this invention, in one aspect, relates to a system for a constituent
rendering of biomass and other carbon-based materials. In a further aspect, the system can
be configured for receiving a feedstock material to be rendered into its constituent
components, grinding the feedstock to a desired size and/or consistency, and placing the
feedstock in contact with a hot mix heat transfer medium within a pressure chamber. In still
a further aspect, pyrolysis of the feedstock can lead to a breakdown of the feedstock into at
least one constituent component that can be collected as gases, draining off as liquids,

filtered, removed with a magnet, and/or skimmed off of the hot mix transfer medium.

[0005] In one aspect, the pressure chamber can be a pressurized, enclosed container
configured for maintaining a quantity or pool of the hot mix transfer medium at a
predetermined temperature and pressure. In another aspect, the pressure chamber can
define a feedstock input port for receiving feedstock from a feedstock input system and at
least one gas output port configured to collect feedstock constituent components that are
gases. In another aspect, the pressure chamber can have an ash trap for collecting ash
and/or feedstock constituent components that are solids. Optionally, in one aspect, the
pressure chamber can comprise at least one spray head, configured for spraying the hot mix
transfer medium within the pressure chamber. In still other aspects, the pressure chamber
can comprise at least one hot mix pump configured to circulate the hot mix transfer medium
through at least a portion of the pressure chamber and/or through at least one spray head, if

present.

[0006] According to another aspect, the feedstock input system can comprise at least
one grinding station configured for grinding the feedstock. The at least one grinding station
can comprise a plurality of grinding stations, in one aspect, that can be sequentially
arranged so that feedstock can pass from one grinding station to the next until a desired
feedstock size and/or consistency is achieved. Optionally, the feedstock input system can
further comprise a compression gate to allow the feedstock to be supplied to the pressure

chamber without allowing unacceptable levels of oxygen to enter the pressure chamber.

[0007] In one aspect, the hot mix transfer medium can comprise a molten heavy metal

having a relatively high specific gravity, such as, for example and without limitation, lead.
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Lead has a specific gravity of about 11.8, so any constituent components of the feedstock
having a specific gravity of less than 11.8 can float in a hot mix comprising molten lead.
Thus, in this example, only feedstock constituent components having a specific gravity of

greater than about 11.8 will sink, such as any heavy precious metals.

[0008] The feedstock for the system can be any biomass and/or other carbon-based
materials. In one aspect, the feedstock can comprise wood or logging waste, such as wood
chips and the like. In various other aspects, it is contemplated that the feedstock can
comprise oil sands, oil shale, dirty coal and/or other similar contaminated sources of

hydrocarbons.

[0009] Additional advantages of the invention will be set forth in part in the description
which follows, and in part will be obvious from the description, or may be learned by
practice of the invention. The advantages of the invention will be realized and attained by
means of the elements and combinations particularly pointed out in the appended claims. It
is to be understood that both the foregoing general description and the following detailed
description are exemplary and explanatory only and are not restrictive of the invention, as

claimed.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying drawings, which are incorporated in and constitute a part of
this specification, illustrate several aspects of the invention and, together with the

description, serve to explain the principles of the invention.

[0011] FIG. 1 is a cross-sectional side view of a system for constituent rendering of

biomass and other carbon-based materials, according to one embodiment.
[0012] FIG. 2 is a cross-sectional end view of the system of FIG. 1.

[0013] FIG. 3A is a cross-sectional side view of a feedstock input system of the system

of FIG. 1, according to one aspect.

[0014] FIG. 3B is a cross-sectional side view of an auger screw of the feedstock input

system of the system of FIG. 3A, according to one aspect.
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[0015] FIG. 4 is a cross-sectional side view of a compression gate of the feedstock input
system of FIG. 3, showing the compression gate in an open position, according to one

aspect.

[0016] FIG. 5 is a cross-sectional side view of a compression gate of the feedstock input
system of FIG. 3, showing the compression gate in a blocked position, according to one

aspect.

[0017] FIG. 6 is an exploded and an assembled view of the blocking plates of the

compression gate of FIG. 5, according to one aspect.

[0018] FIG. 7 is a cross-sectional side view of a compression gate of the feedstock input
system of FIG. 3, showing the compression gate in a closed position, according to one

aspect.

[0019] FIG. 8A is a front view of a throat of the compression gate of FIG. 7, according

to one aspect.

[0020] FIG. 8B is a cross-sectional side view of a throat of the compression gate of FIG.

7, according to one aspect.

[0021] FIG. 9 is a cross-sectional side view of a system for constituent rendering of

biomass and other carbon-based materials, according to one aspect.

[0022] FIG. 10 is a cross-sectional side view of a system for constituent rendering of

biomass and other carbon-based materials, according to one aspect.

[0023] FIG. 11 is a cross-sectional side view of a system for constituent rendering of

biomass and other carbon-based materials, according to one aspect.

[0024] FIG. 12 is a cross-sectional side view of a system for constituent rendering of

biomass and other carbon-based materials, according to one aspect.

[0025] FIG. 13 is a cross-sectional side view of a system for constituent rendering of

biomass and other carbon-based materials, according to one aspect.

[0026]  FIG. 14 is a cross-sectional side view of a system for constituent rendering of

biomass and other carbon-based materials, according to one aspect.
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[0027] FIG. 15 is a side elevational view of a process auger of FIG. 9, according to one

aspect.

[0028] FIG. 16A is a side elevational view of a process auger of FIG. 13, according to

one aspect.

[0029] FIGS. 16B and 16C are cross-sectional end views of the process auger of FIG.

16A taken along line B-B, according to various aspects.

[0030] FIGS. 17A, 17B, 18A, 18B, 19A and 19B are side elevational views of a process

auger showing at least one scoop, according to various aspects.

[0031] FIG. 20A is a cross-sectional end view of portions of the system of FIG. 13,

according to one aspect.

[0032] FIG. 20B is a cross-sectional end view of portions of the system of FIG. 12,

according to one aspect.

[0033] FIG. 21 is a cross-sectional side view of a system for constituent rendering of

biomass and other carbon-based materials, according to one aspect.
[0034] FIG. 22 is a side elevational view of a process auger, according to one aspect.

[0035] FIG. 23 illustrates an exemplary flow chart showing the steps to render

constituents of biomass and other carbon-based materials
DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0036] The present invention may be understood more readily by reference to the
following detailed description, drawings, and claims, and their previous and following
description. However, before the present devices, systems, and/or methods are disclosed
and described, it is to be understood that this invention is not limited to the specific devices,
systems, and/or methods disclosed unless otherwise specified, as such can, of course, vary.
It is also to be understood that the terminology used herein is for the purpose of describing

particular aspects only and is not intended to be limiting.

[ {4

[0037] As used in the specification and the appended claims, the singular forms “a,
“an” and “the” include plural referents unless the context clearly dictates otherwise. Thus,
for example, reference to a “spray head” can include two or more such spray heads unless

the context indicates otherwise.
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[0038] Ranges may be expressed herein as from “about” one particular value, and/or to
“about” another particular value. When such a range is expressed, another embodiment
includes from the one particular value and/or to the other particular value. Similarly, when
values are expressed as approximations, by use of the antecedent “about,” it will be
understood that the particular value forms another embodiment. It will be further
understood that the endpoints of each of the ranges are significant both in relation to the

other endpoint, and independently of the other endpoint.

[0039] As used herein, the terms “optional” or “optionally” mean that the subsequently
described event or circumstance can or cannot occur, and that the description includes

instances where said event or circumstance occurs and instances where it does not.

[0040] Reference will now be made in detail to the present preferred aspects of the
invention, examples of which are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers are used throughout the drawings to refer to the same

or like parts.

[0041] In one aspect, a system 100 is provided for a constituent rendering of biomass
and other carbon-based materials. The system, in one embodiment, can comprise at least
one of: a pressure chamber 200, a feedstock input system 300, at least one heat source 400,
and a hot mix heat transfer medium (“hot mix”) 500. In various aspects, the system can

further comprise at least one spray head 600 and/or a process auger 230.

[0042] With reference to Figure 1, in one aspect, the pressure chamber 200 can be a
pressurized, enclosed container configured for maintaining a quantity or pool of hot mix at a
predetermined temperature and pressure. In another aspect, the pressure chamber can
define an enclosed interior volume. In this aspect, the enclosed interior volume can be
sufficient to function as a plenum to absorb rapidly generated gases 322 when feedstock
320 is introduced to the pool of hot mix 500, described more fully below. In another aspect,
the pressure chamber can comprise at least one of: an ash trap 206, a maintenance port 208,
and at least one hot mix pump 210. In yet another aspect, the pressure chamber can define a
feedstock input port 202, at least one gas output port 204, and/or a drain port in
communication with a hot mix drain valve 205 configured to allow selective draining of hot

mix 500 from the pressure chamber 200. In yet another aspect, the pressure chamber can
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also define various other ports configured for draining off liquids and skimming off or

otherwise removing any solids, as desired, from the pressure chamber.

[0043] In another aspect, the pressure chamber can further comprise at least one -
temperature sensor 270 and/or at least one pressure sensor 272. In this aspect, the at least
one pressure sensor can send a feedback signal representing the pressure within the pressure
chamber 200 to a means for controlling the pressure, such as a processor, an actuator and a
valve and the like. Similarly, the at least one temperature sensor 270 can send a feedback
signal representing the temperature within the pressure chamber 200 to a means for

controlling the temperature, such as a processor and a heat source and the like.

[0044] In one aspect, the feedstock input port 202 and the at least one gas output port
204 can be openings defined in a surface of the pressure chamber. In another aspect, the
feedstock input port and the at least one gas output port can be positioned in the pressure
chamber 200 at a location above an upper surface level 502 of the pool of hot mix 500 in
the pressure chamber. In still another aspect, the feedstock input port 202 can place the
pressure chamber 200 in communication with the feedstock input system 300, described
more fully below. In another aspect, the at least one gas output port 204 can be configured
to release a gas or gases 504 created when the feedstock 320 is broken down into at least

one constituent component in the pressure chamber for distilling and/or other use.

[0045] As illustrated in Figure 1, in one aspect, the at least one hot mix pump 210 can
be a conventional Archimedes screw-type pump, though other types of pumps are also
contemplated. In another aspect, at least a portion of the at least one hot mix pump can be
placed into the pool of hot mix 500 in order to circulate the hot mix within at least a portion
of the pressure chamber 200. Optionally, in other aspects, the at least one hot mix pump
210 can pump hot mix through a hot mix distribution system 602 to at least one spray head
600. In still another aspect, the at least one hot mix pump can comprise a conventional

pump motor 212 and a plurality of cooling fins 214, as known in the art.

[0046] When feedstock 320 is input into the pressure chamber 200 and decomposed

through pyrolysis, as will be described more fully below, a small amount of the feedstock
can remain as ash. In one aspect, as the at least one hot mix pump 210 circulates hot mix
500 within the pressure chamber, a current can be created that can transport the ash to an

end of the pressure chamber where the ash trap 206 can be located. In another aspect, the
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ash trap can comprise a receptacle 209 and a plurality of ash valves 216, 217. In yet
another aspect, the ash trap can be placed in communication with the interior volume of the
pressure chamber by a skimmer opening 207 defined in the wall of the pressure chamber
200. In another aspect, each ash valve of the plurality of ash valves can normally be
maintained in a closed position thereby preventing, ash, pressure, and/or any other materials
from exiting the pressure chamber 200. In still another aspect, the skimmer opening 207
defined in the wall of the pressure chamber can be positioned at a level slightly above the

upper surface level 502 of the pool of hot mix 500 in the pressure chamber 200.

[0047] In use, over time, enough ash can collect so that the ash spills over through the
skimmer opening 207 into the ash trap and can be stored in the receptacle 209. In another
aspect, as ash is collected in the receptacle, the receptacle can be emptied by selectively
actuating one or more of the plurality of ash valves 216, 217. It is contemplated that the
plurality of ash valves can be opened sequentially or non-sequentially as desired. In one
exemplary aspect, a first ash valve 216 of the plurality of ash valves can be cycled open,
thereby allowing the ash and/or other materials to drop into a space between the plurality of
ash valves before the first ash valve is closed. In this exemplary aspect, a second ash valve
217 of the plurality of ash valves can then be cycled open, thereby allowing the ash and/or
other materials to be removed from the system 100 before the second ash valve is closed. In
still another aspect, because the pressure chamber 200 can be operated at an elevated
pressure, as will be described more fully below, the elevated pressure can tend to keep air

from entering the last ash valve of the plurality of ash valves before it closes.

[0048] The feedstock input system 300 can be seen in Figure 2, according to one aspect.
In this aspect, the feedstock input system comprises at least one of: a feed auger motor 301,
a feedstock hopper 302, an auger screw 304, at least one grinding station 306, a
compression gate 308, and a re-grinding station 314. The feedstock hopper, in one aspect,
can feed coarse raw feedstock 320 to the auger screw. In another aspect, the feed auger
motor 301 can be a conventional motor configured to turn the auger screw 304. In another
aspect, as the auger screw is rotated by the feed auger motor, the feedstock material is
moved to the at least one grinding station 306 configured to grind the feedstock 320 into
smaller pieces. In another aspect, smaller pieces of feedstock can be desired, because the
smaller pieces have a larger surface area and thus can facilitate more rapid thermal

gasification when in contact with the hot mix 500. In still another aspect, and as illustrated
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in Figure 2, the at least one grinding station can comprise a plurality of grinding stations
that can be sequentially arranged such that feedstock can be passed on to consecutive

grinding stations until a desired size and/or consistency of feedstock 320 is achieved.

[0049] Figure 3A illustrates the feedstock input system 300 in greater detail, and Figure
3B illustrates the auger screw 304 of the feedstock input system in greater detail, according
to various aspects. In another aspect, the at least one grinding station 306 comprises a
stationary die 313 defining a plurality of die openings 315 that can be attached to an auger
feed tube 316. In another aspect, the at least one grinding station further comprises a
rotating die 317 attached to a shaft 305 of the auger screw 304 adjacent to and on a
downstream side of the stationary die 313. As with the stationary die, the rotating die can
define a plurality of die openings. In this aspect, as the auger screw of the feedstock input
system rotates, feedstock 320 can be urged against the stationary die and some of the
feedstock can be urged through the die openings 315 of the stationary die. In another
aspect, at least a portion of the feedstock that was urged through the die openings of the
stationary die can also be urged through the die openings of the rotating die 317, shearing

off the feedstock, and producing a ground feedstock.

[0050] As illustrated in Figures 2 and 3A, at the downstream side of the at least one
grinding station 306, according to one aspect, there can be a compression zone 310 bounded
by the auger tube 316 and the compression gate 308. In another aspect, the compression
zone can be a relatively long segment of the auger tube devoid of an auger blade on the
auger screw 304. In this aspect, when the compression gate is closed, as described below,
and the auger screw urges feedstock 320 into the compression zone, the compression zone
310 can become solidly packed with high density feedstock. In still another aspect, the
auger screw 304 can rotate until the desired density of feedstock in the compression zone is
reached, forming a plug of feedstock in the compression zone 310. In another aspect, the
plug of feedstock can be substantially impervious to gas and can form a barrier to the
outside atmospheric gas. Thus, the feedstock plug will not allow passage of atmospheric
gas into the pressure chamber, thereby helping to maintain the oxygen level in the pressure
chamber 200 at an acceptable level. Conversely, the feedstock plug also will not allow
passage of gases 322 from the pressure chamber out of the pressure chamber to the
atmosphere, thereby helping to maintain pressure in the pressure chamber 200 at an

acceptable level. In another aspect, after formation of the feedstock plug, the compression
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gate 308 can then be opened, described more fully below, which allows the compressed

feedstock to pass through the gate to an expansion zone 312.

[0051] Optionally, in another aspect, after formation of the feedstock plug, a throat 330
having at least one compression and fracture stress point 332 can be inserted into the
compression gate 308, as illustrated in Figure 7. The at least one compression and fracture
stress point, according to one aspect, can be a small restriction that can further compress
and at the same time induce fracture in the feedstock plug as it passes through the

compression gate to the expansion zone 312.

[0052] Figures 4, 5, and 7 illustrate the compression gate 308 in various states of
operation. As illustrated in Figure 4, in one aspect, the compression gate can be opened
allowing feedstock particles to pass through the compression gate uninhibited.
Alternatively, however, in another aspect, a plurality of slotted blocking plates 318 can be
inserted into the compression gate 308 and around the shaft 305 of the auger screw 304, as
illustrated in Figures 5 and 6, to prevent or reduce thé amount of feedstock 320 being urged
through the gate. In still another aspect, as exemplified in Figures 7 and 8, the throat 330
can have a reduced cross-sectional area compared to the compression zone 310 and can be
inserted into the compression gate to compress and to induce fracture in the feedstock plug
as it passes through the compression gate. It is contemplated that the compression gate 308

can be changed to its various states of operation either manually or automatically.

[0053] With reference again to Figures 2 and 3, in one aspect, the expansion zone 312
can have a larger cross-sectional diameter than the compression zone 310, thus allowing the
compressed feedstock to expand when urged through the compression gate 308 into the
expansion zone. In another aspect, the auger screw 304 can urge the feedstock 320 through
the expansion zone to a re-grinding station 314 configured to reduce the feedstock particle
size before being dropped into the pressure chamber 200. In still another aspect, the re-
grinding station can be substantially the same as the at least one grinding station 306,
described previously. In another aspect, the re-ground feedstock can then be gravity fed,

conveyed, and/or urged to the feedstock input port 202 of the pressure chamber.

[0054] As illustrated in Figure 1, in one aspect, the at least one heat source 400 can be
configured for heating at least a portion of the pressure chamber 200. Optionally, in another

aspect, the at least one heat source 400 can be configured for heating at least a portion of the

10
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hot mix distribution system, as illustrated in Figure 11. In another aspect, the at least one
heat source can be located outside of the pressure chamber. In still another aspect, at least
one heat source can be a conventional heat source such as an electric furnace, gas furnace,
boiler, and the like. In another aspect, the at least one heat source 400 can be at least

partially enclosed by a heat shield 402.

[0055] In another aspect, and as illustrated in Figure 9-14, the pressure chamber 200 can
further comprise a process auger 230 configured to circulate hot mix 500 in the pool of hot
mix and/or feedstock floating on the upper surface level 502 of the pool of hot mix 500.
Figure 15 illustrates one aspect in which the process auger can comprise a root 232 and a
plurality of flights 234 extending radially outwards from the root. In another aspect, the
flights can have a pressure face 236 on a downstream side of the flights and a trailing face
238 on an upstream side of the flights. In use, as will be described more fully below, as the
process auger is rotated by a process auger motor 240, the pressure face of the auger flights

can urge hot mix 500 and/or feedstock 320 in a desired direction.

[0056] As illustrated in Figures 13 and 14, in still another aspect, each flight 234 of the
process auger 230 can comprise at least one scoop 242 attached to the flight. In one aspect,
the at least one scoop can be attached to a distal edge portion of each flight. As illustrated
in Figure 16A, according to another aspect, the at least one scoop can be attached to the
trailing face 238 of each flight of the process auger. Alternatively, in another aspect, the at
least one scoop 242 can be attached to the pressure face 236 of each flight 234, In yet
another aspect, the at least one scoop can comprise a plurality of scoops. For example,
Figure 16B shows a cross-sectional view of a flight 234 having two scoops attached, while
Figure 16C shows a flight having four scoops 242 attached. In another aspect, the plurality

of scoops can be equally spaced around the flight, though this is not required.

[0057] In one aspect, the at least one scoop can extend substantially parallel to a
longitudinal axis of the root, as illustrated in Figures 17A and 17B. However, in other
aspects, the at least one scoop 242 can extend from the flight at an acute angle to the

longitudinal axis of the root 232, as illustrated in Figures 18A, 18B, 19A, and 19B.

[0058] In another aspect, the at least one scoop 242 can have a substantially “C” or
semi-circular cross-sectional shape, as illustrated in Figures 16B and 16C. In other aspects,

however, the at least one scoop can have a substantially planar or arcuate cross-sectional

11
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shape. In still another aspect, an end 244 of the at least one scoop 242 opposed to the flight
can be enclosed, such that the at least one scoop forms a cup shape. Figures 17A, 18A, and
19A illustrate the at least one scoop having an enclosed end 244, according to one aspect.
Alternatively, in another aspect, the scoop end 244 can be open so that the at least one
scoop forms a paddle blade shape. Figures 17B, 18B, and 19B illustrate the at least one

scoop having an open end 244, according to one aspect.

[0059] As can be appreciated, when the process auger 230 comprises at least one scoop
242, positioning of the scoop relative to the root and the presence or absence of a closed
scoop end 244 can vary the way the process auger maneuvers feedstock and/or hot mix 500
within the pressure chamber 200. For example, if the at least one scoop is positioned such
that the scoop end 244 is the portion of the scoop closest radially to the root 232, as
illustrated in Figures 18A and 18B, then any feedstock floating on the pool of hot mix can
be pushed back to slow the progression of the feedstock through the pressure chamber 200.
In another example, if the at least one scoop is positioned such that the scoop end is the
portion of the scoop 242 farthest radially to the root 232, as illustrated in Figures 19A and
19B, then feedstock floating on the pool of hot mix can be pushed ahead to speed the

progression of the feedstock through the pressure chamber 200.

[0060] In one aspect, the process auger 230 can be positioned in the pressure chamber
200 such that the root 232 of the process auger is substantially parallel to the upper surface
level 502 of the hot mix 500. It is contemplated, however, that the process auger 230 can be
positioned in the pressure chamber 200 such that the root 232 of the process auger is at an
acute angle to the upper surface level of the hot mix. In another aspect, and as illustrated in
Figures 10, 11, and 13, the process auger can be positioned in the pressure chamber such
that the root is above the upper surface level of the hot mix. For example, Figure 20A
illustrates a cross-sectional end view of the process auger having a root positioned above
the upper level of the hot mix. Alternatively, and as illustrated in Figures 9, 12, and 14, the
process auger 230 can be positioned in the pressure chamber such that the root is below the
upper surface level 502 of the hot mix. For example, Figure 20B illustrates a cross-
sectional end view of the process auger having a root positioned below the upper level of
the hot mix. Regardless of the positioning of the root of the process auger, as the process
auger rotates, each flight 234 of the plurality of flights can extend below the upper surface

into the pool of hot mix 500 to aid in circulating the hot mix and/or contacting the hot mix
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and the feedstock 320. In another aspect, if at least one scoop 242 is present, as the process
auger rotates, the scoop can at least temporarily lift a portion of the hot mix 500 and/or
feedstock from the pool of hot mix to further aid circulating the hot mix and/or contacting

the hot mix and the feedstock 320.

[0061] In one aspect, feedstock 320 input into the constituent rendering system 100 of
the current application can be submerged and/or coated in a mixture of hot mix 500
comprising a molten heavy metal having a relatively high specific gravity. Pyrolysis of the
feedstock due to the temperature of the hot mix can lead to a breakdown of the feedstock
into at least one constituent component. In another aspect, because the specific gravity of
the hot mix can be relatively high, the feedstock and/or the constituent components of the
feedstock 320 can float to the upper surface level 502 of the pool of hot mix. Thus, any
constituent components of the feedstock having a specific gravity less than the specific
gravity of the hot mix will float on top of the pool of hot mix 500, and any constituent
components having a specific gravity greater than the specific gravity of the hot mix will
sink. In another aspect, the constituent components can then be separated and collected
separately using conventional means, such as draining off any oil, filtering, removing steel
components with a magnet, and skimming undesirable components such as glass, pebbles,

and the like off of the upper surface of the pool of hot mix.

[0062] In one aspect, for example and without limitation, the hot mix 500 can comprise
lead, which has a specific gravity of about 11.8 (the specific gravity of concrete is about 2.4
and steel is about 7.9). Thus, in this example, any constituent components of the feedstock
with a specific gravity of less than 11.8 can float in the hot mix 500, and only feedstock
constituent components having a specific gravity of greater than about 11.8, such as any
heavy precious metals, will sink. In addition to a high specific gravity, lead is relatively
chemically inert with fewer than ninety natural inorganic and organic compounds.
Moreover, with a melting point of about 623 °F and a boiling point of about 3,160 °F,
molten lead can thermally decompose most hydrocarbon-based materials. Furthermore, a

liquid can be a better heat transfer medium than a gas.

[0063] In another aspect, because oxygen contamination can cut down the production
rate of the constituent components from the feedstock, a sacrificial reactant, such as, for

example and without limitation, aluminum powder, can be added to the hot mix 500. In one
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aspect, the reactant can be more reactive to oxygen than either the feedstock 320 or the hot
mix. In another aspect, the reactant can be varied to have different characteristics,
depending on the feedstock. In various other aspects, at least one catalyst can also be added
to the hot mix to improve production rates and/or operating efficiency. For example, it is
contemplated that catalysts could be added to the hot mix 500 to enhance one or more of:

liquids production, ash reduction, and/or help gas propagation control.

[0064] In various aspects, the system 100 of the present application can further
comprise at least one spray head 600. In one aspect, the at least one spray head can be
located proximate an upper portion of the pressure chamber such as upper surface 219. In
another aspect, the at least one spray head can be directed to spray hot mix 500 downwardly
onto the pool of hot mix, as illustrated, for example, in Figures 1 and 20B. In other aspects,
the at least one spray head 600 can be located at any level in the pressure chamber that is
above the upper surface level 502 of the pool of hot mix 500 in the pressure chamber.
Alternatively, in one aspect, the at least one spray head can be located proximate a lower
portion of the pressure chamber such as bottom surface 220. In another aspect, the at least
one spray head can be directed to spray hot mix upwardly though the hot mix towards the
level of the upper surface of the pool of hot mix 500 in the pressure chamber 200, as
illustrated, for example, in Figures 9 and 20A. In other aspects, the at least one spray head
can be located at any level in the pressure chamber that is below the upper surface level of
the pool of hot mix 500 in the pressure chamber. Thus, the at least one spray head 600 can
be submerged in the pool of hot mix. In this aspect, the submerged at least one spray head
can assist in circulating the hot mix which can provide a more consistent hot mix
temperature distribution. It is also contemplated that the at least one spray head 600 can
comprise at least one spray head located at any level in the pressure chamber that is above
the upper surface level 502 of the pool of hot mix 500 in the pressure chamber, and at least
one spray head located at any level in the pressure chamber that is below the upper surface

level 502 of the pool of hot mix in the pressure chamber 200.

[0065] In one aspect, the hot mix distribution system 602 can be a conduit to supply hot
mix from the pressure chamber 200 through the at least one hot mix pump 210 back to the
pressure container. In another aspect, the hot mix distribution system 602 can supply hot
mix from the pressure chamber 200 through the at least one hot mix pump 210 and the at

least one spray head 600 back to the pressure container. In still another aspect, the hot mix
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distribution system 602 can supply hot mix from the pressure chamber 200 through the at
least one hot mix pump 210, at least one hot mix feed tube 604, and the at least one spray
head 600 back to the pressure container. According to this aspect, the at least one hot mix
feed tube can place the hot mix distribution system in fluid communication with the at least

one spray head 600.

[0066] In another aspect, if a plurality of spray heads 600 are present, the spray heads
can be spaced throughout the pressure chamber 200, and thus, a plurality of hot mix feed
tubes 604 can be spaced at different locations on the hot mix distribution system 602 to
supply the plurality of spray heads. In use, in one aspect, hot mix 500 can be pumped by
the at least one hot mix pump 210 through the hot mix distribution system 602 to the at least
one spray head. In another aspect, the at least one spray head 600 can be configured to
spray hot mix down onto the pool of hot mix and/or any feedstock 320 located below the
level of the at least one spray head, or upwards through the pool of hot mix towards the

upper surface level 502 of the pool of hot mix.

[0067] The feedstock for the system 100 can be any biomass and/or other carbon-based
materials. In one aspect, the feedstock can comprise wood or logging waste, such as wood
chips and the like. In other aspects, the feedstock can comprise paper, plastic, tires,
garbage, or sewage sludge. In various other aspects, the feedstock 320 can comprise oil
sands, oil shale, dirty coal and/or other similar contaminated sources of hydrocarbons. In
still other aspects, the feedstock can comprise any combination of different biomass and/or

other carbon-based materials.

[0068] In use, in various aspects, the pressure chamber 200 can be evacuated of oxygen
through the use of a sacrificial compound such as aluminum and the like, as known in the
art, or replaced with an inert gas such as nitrogen, carbon dioxide, helium, argon or some
such non-reactive gas, also as known in the art. In one aspect, evacuating oxygen from the
system 100 can be necessary to keep the hot mix 500 from oxidizing along with the
feedstock 320. In another aspect, the pressure chamber can be pressurized by the gases 322
generated during the pyrolysis process, and this pressure can be regulated by a conventional
pressure relief valve 218. For example, one cubic inch of feedstock can gasify to over
1,000 cubic inches of gases such that, when restricted by the pressure relief valve, pressure

within the pressure chamber can build until the pressure is sufficient to overcome the
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pressure relief valve. In still another aspect, the at least one heat source 400 can heat the

hot mix to a predetermined temperature.

[0069] The feedstock hopper 302 can feed the auger screw 304 with coarse raw
feedstock, and the auger screw can move the material to each grinding station 306, where.
the feedstock can be ground into smaller pieces until its desired consistency is achieved.
The ground feedstock can then enter the compression zone 310, and the plurality of
blocking plates 318 can be inserted in the compression gate 308. The auger screw can
continue turning with the compression gate blocked by the plurality of blocking plates until
a feedstock plug is formed having the desired density of solidly packed feedstock. The
blocking plates can then be removed from the compression gate and replaced with the throat
330. The fracture stress points 332 of the throat can cause a back pressure to add to the
compressing of the feedstock 320. At the same time, as the feedstock plug is passed
through the throat, the fracture stress points can fracture the plug, causing it to rapidly
expand back into an uncompressed state as it enters the expansion zone 312. To facilitate
this, the volume of the expansion zone can be increased to make room for the expanded
feedstock. Following the expansion zone, the feedstock 320 can enter the re-grindihg

station 314 to reduce the feedstock particle size back to a desired size.

[0070] The re-ground feedstock can then be gravity fed, conveyed, and/or otherwise
urged to the feedstock input port 202 of the pressure chamber 200. After passing through
the feedstock input port, the feedstock can drop into the interior volume of the pressure
chamber and come to rest on the pool of hot mix 500. Additionally, if at least one spray
head 600 is present proximate the upper portion of the pressure chamber, the feedstock 320
in the pressure chamber 200 can also have hot mix spraying down on it from the at least one
spray head. Because oxygen has either been removed or its level lowered to acceptable
levels within the pressure chamber, at least a portion of the hydrocarbons present in the
feedstock will not oxidize when heated, and instead will be decomposed through pyrolysis
into at least one constituent component. Thus, upon contacting the hot mix, the feedstock
320 can begin to be broken into its constituent components. In another aspect, any
feedstock that gasifies at this point can be free to exit the pressure chamber through the at
least one gas output port 204 for collection and further processing. The volume of gas and
its velocity can be such that the gas cannot carry either feedstock or hot mix out any gas

output port. In another aspect, any constituent components that have gasified and remain in
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the pressure chamber 200 can exit the system as a gas, as described above. In one aspect,
gases 504 exiting the system 100 can be burned or liquefied through compression. In still

another aspect, any constituent components remaining as liquids can be distilled out.

[0071] Any feedstock that has not been processed, any constituent components that are
not gases, and any ash created can be carried by the current of hot mix created by at least
one hot mix pump and/or the process auger 250 through the interior volume of the pressure
chamber 200. As previously discussed, any ash that is formed can be collected in the ash
trap 206, and any other constituent components remaining as solids can be collected in the
ash trap or removed from the pressure chamber by filtering, magnetically removing, and/or

skimming them off.

[0072] In another embodiment, and as illustrated in Figure 21, the pressure chamber
200 can be separated into a plurality of processing zones 250. In one aspect, each zone of
the plurality of processing zones can comprise at least one heat source 400 and/or at least
one hot mix pump 210, and can define at least one gas output port 204. Thus, in another
aspect, each zone of the plurality of processing zones 250 can operate at a temperature
independent of the other processing zones. In other aspects, each processing zone can also
define various other ports configured for skimming off or otherwise removing any
constituent components, as desired, from a selected processing zone. In another aspect,
each processing zone 250 can further comprise at least one temperature sensor 270 and/or at
least one pressure sensor 272. In this aspect, the at least one pressure sensor can send a
signal representing the pressure within each processing zone to a means for controlling the
pressure within the processing zone, such as a processor, an actuator and a valve and the
like. Similarly, the at least one temperature sensor 270 can send a signal representing the
temperature within the processing zone 250 to a means for controlling the temperature, such

as a processor and a heat source and the like.

[0073] In one aspect, at least a portion of each processing zone 250 can be defined by at
least one gas barrier 254 and at least one hot mix barrier 252. In another aspect, the at least
one gas barrier can extend substantially vertically from the upper surface 219 of the
pressure chamber 200 so that a distal end of the at least one gas barrier can be at a level
above or slightly above the level of the upper surface level 502 of the pool of hot mix 500,

leaving a space for ungasified feedstock 320 to pass through. In another aspect, the at least
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one hot mix barrier 252 can extend substantially vertically from the bottom surface 220 of
the pressure chamber so that a distal end of the at least one gas barrier can be at a level
slightly below or equal to the upper surface level of the pool of hot mix. In yet another
aspect, the at least one gas barrier 254 can be substantially co-planar with a corresponding
hot mix barrier. In another aspect, the distal end of each gas barrier 254 and the distal end
of each corresponding hot mix barrier 252 can be separated a predetermined distance,
forming at least one pass-through gate 256, to allow any ungasified feedstock 320 being
processed to pass from one processing zone to an adjacent processing zone. In still another
aspect, the pass-through gate can prevent at least a portion of the gases and/or the hot mix
within a processing zone 250 from being passed between adjacent zones. In another aspect,
the processing zones can be substantially thermally separated but, because the processing
zones are in communication through at least one pass-through gate 256, the processing
zones can share a common pressure. In another aspect, the size of the at least one pass-
through gate (the predetermined distance between the distal end of each gas barrier 254 and
the distal end of each corresponding hot mix barrier 252) can be selected from the range of
about 0.1 inches to about 12 inches, such as 0.2 inches, 0.3 inches, 0.4 inches, 0.5 inches,
0.6 inches, 0.7 inches, 0.8 inches, 0.9 inches, 1.0 inches, 2 inches, 3 inches, 4 inches, 5
inches, 6 inches, 7 inches, 8 inches, 9 inches, 10 inches, 11 inches, or 12 inches, though

other distances are also contemplated.

[0074] If a process auger 230 is present in a pressure chamber 200 separated into a

plurality of processing zones 250, in one aspect, zone barrier clearance channels 258 can be
defined in portions of the process auger, as illustrated in Figure 22. In this aspect, the zone
barrier clearance channels can provide clearance so that the flights 234 of the process auger

do not contact portions of the gas barrier 254 and/or the hot mix barrier 252

[0075] In another aspect, it is contemplated that the at least one hot mix pump 210
positioned within each processing zone 250 can circulate hot mix 500 within each
processing zone to create a current to move the feedstock 320 from one processing zone to
an adjacent processing zone. It is contemplated that some cross-mixing of feedstock and/or
gases can likely occur. It is further contemplated that the first processing zone (the
processing zone in which the feedstock input port 202 is located) can be maintained at the
lowest desired temperature and that each successive processing zone can have a

progressively higher temperature, until the final processing zone, which can have the
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highest desired temperature. In one aspect, this can allow the capture of the most volume of
the most desirable hydrocarbons and/or other constituent components while encouraging as

much of the feedstock as reasonable to be processed.

[0076] In use, in this embodiment, as discussed above, the pressure chamber 200 can be
evacuated of oxygen and the at least one heat source 400 of each zone can heat the hot mix
500 of each processing zone 250 to a predetermined temperature. The at least one hot mix
pump 210 of each processing zone can circulate hot mix through the respective zone and
through the at least one spray head 600 of the zone, if present. The feedstock input system
300 can operate as previously described to supply ground feedstock 320 to the feedstock
input port 202 of the pressure chamber. After passing through the feedstock input port, the
feedstock can drop into a first processing zone to begin to be broken into at least one
constituent component. In one aspect, any feedstock that gasifies in the first processing
zone can exit the zone via the at least one gas output port 204 located in that zone, and any
constituent components that are not gases can exit the zone via the various other processing
zone ports, if desired. Any feedstock that is not processed, any constituent components that
are not gases remaining in the processing zone, and any ash created can be carried by the
current of hot mix created by at least one hot mix pump and/or the process auger 230
through the pass-through gate 256 to an adjacent processing zone. This process can be
repeated in each zone of the plurality of processing zones 250. In the final processing zone,
any ash that has been formed can be collected in the ash trap 206, and any other constituent
components remaining as solids or liquids can be removed from the pressure chamber by
filtering, magnetically removing, skimming, draining them off, and/or by other removal

methods.

[0077] In one aspect, the constituent rendering system 100 can be configured to be a
mobile system capable being transported on trucks, barges, and the like. Thus, in this
aspect, the system can be set up in locations that have an available supply of feedstock 320,
such as, for example, a forest logging site, thereby reducing the costs of transporting
feedstock to the system. In another aspect, the system 100 can be configured to be
transported as one piece. In another aspect, however, the system can be configured to be
broken into components that can be transported on trucks, barges, and the like and

assembled at a desired location.
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[0078] One embodiment of a method for constituent rendering of biomass and other
carbon-based materials is shown, for example, in Figure 23. The method can begin, in one
aspect, at step 1000 with setting the pressure chamber to the desired temperature, pressure
and oxygen levels. Additionally at step 1000, catalysts and reactants can optionally be
added to the hot mix as desired to improve production rates and/or efficiencies. At step
1002, feedstock can be selected and added to the feedstock input system. At step 1004, the
coarse raw feedstock can be ground at the at least one grinding station. As discussed above,
the at least one grinding station can comprise a plurality of grinding stations. Thus, in one
aspect, the step of grinding the feedstock can be repeated at each grinding station of the
plurality of grinding stations until a desired feedstock consistency is achieved. At step
1006, the ground feedstock can then enter the compression zone, and the plurality of
blocking plates can be inserted in the compression gate to create a plug of solidly packed
feedstock. At step 1008, the blocking plates can be removed from the compression gate and
replaced with the throat, and the plug of feedstock can be urged through the throat. At step
1010, the feedstock can be expanded in the expansion zone, and at step 1012, the feedstock

can enter the re-grinding station to reduce the feedstock particle size back to a desired size.

[0079] At step 1014, the re-ground feedstock can then be gravity fed, conveyed, and/or
otherwise urged to the feedstock input port of the pressure chamber where the feedstock can
be placed into contact with the hot mix through contact with the pool of hot mix and/or hot
mix sprayed from at least one spray head. At step 1016, at least a portion of the
hydrocarbons present in the feedstock begin to undergo pyrolysis and separate into at least
one constituent component. At step 1018, any feedstock that gasifies can be exit the
pressure chamber through at least one gas output port, and any feedstock components that
are solids or liquids can be removed at this point by filtering, magnetically removing,
skimming, and/or draining them off. If a plurality of processing zones are present, the step
of removing desired feedstock constituent components can be repeated at each processing
zone. At step 1020, any ash created can be collected in the ash trap, and at step 1022, any
other undesirable products can be removed from the pressure chamber. This method can be
repeated continuously, i.e., as the feedstock input system empties and constituent
components are removed from the pressure chamber, the method can begin again at step

1000.
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[0080] It will be apparent to those skilled in the art that various modifications and
variations can be made in the present invention without departing from the scope or spirit of
the invention. Other embodiments of the invention will be apparent to those skilled in the
art from consideration of the specification and practice of the invention disclosed herein. It
is intended that the specification and examples be considered as exemplary only, with a true

scope and spirit of the invention being indicated by the following claims.
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What is claimed is:
1. A system for a constituent rendering of carbon-based feedstock comprising:

a pressure chamber defining an enclosed interior volume, a feedstock input port and at
least one gas output port; and

a liquid hot mix heat transfer medium positioned within the interior volume of the
pressure chamber forming a pool of hot mix transfer medium having an upper surface level,

wherein carbon-based feedstock input into the pressure chamber through the feedstock
input port is broken into at least one constituent component by the hot mix transfer medium,
and wherein at least a gas constituent component can exit the pressure chamber through the at

least one gas output port.

2. The system of Claim 1, further comprising a feedstock input system in communication
with the feedstock input port, wherein the feedstock input system comprises at least one
feedstock auger configured to rotate and urge the carbon-based feedstock through the feedstock

input system and through the feedstock input port of the pressure chamber.

3. The system of Claim 2, wherein the feedstock input system further comprises at least
one grinding station configured to grind the carbon-based feedstock into smaller carbon-based
feedstock pieces prior to being input into the pressure chamber and a compression gate
positioned between the at least one grinding station and the feedstock input port, wherein the
compression gate is selectively movable between an open position and a closed position,
wherein in the closed position, the carbon-based feedstock is prevented from passing through
the compression gate and wherein in the open position, the carbon-based feedstock is urged

through the compression gate by the feedstock auger.

4. The system of Claim 3, wherein the feedstock input system further comprises a
compression zone positioned between the compression gate and the at least one grinding
station, wherein when the compression gate is in the closed position, the carbon-based
feedstock is compressed in the compression zone by the feedstock auger to form a carbon-

based feedstock plug.
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S. The system of Claim 4, wherein the feedstock plug is substantially gas impervious and

will not allow passage of atmospheric gas through the feedstock input port.

6. The system of Claim 5, wherein the feedstock input system further comprises a means

for fracturing the carbon-based feedstock plug as it is urged through the compression gate.

7. The system of Claim 6, wherein the means for fracturing comprises a plurality of

compression and fracture stress points positioned in the compression gate.

8. The system of Claim 4, wherein the feedstock plug is substantially gas impervious and
will not allow passage of gas from the pressure chamber through the feedstock input port to the

atmosphere.

9. The system of Claim 1, wherein the feedstock input port and the at least one gas output
port are defined in the pressure chamber at a location above the upper surface level of the pool

of liquid hot mix transfer medium.

10.  The system of Claim 1, further comprising at least one spray head positioned in the
pressure chamber proximate an upper portion of the pressure chamber and configured to spray
liquid hot mix heat transfer medium downwardly onto the upper surface level of the pool of

liquid hot mix heat transfer medium.

11.  The system of Claim 1, further comprising at least one spray head positioned in the
pressure chamber proximate a lower portion of the pressure chamber and configured to spray
liquid hot mix heat transfer medium upwardly through the liquid hot mix transfer medium

towards the upper surface level of the pool of liquid hot mix heat transfer medium.

12. The system of Claim 1, further comprising a process auger rotatably positioned in the

pressure chamber and configured to circulate the liquid hot mix heat transfer medium, wherein
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the process auger comprises a root and a plurality of flights extending radially outwards from

the root.

13.  The system of Claim 12, wherein the root of the process auger is positioned
substantially parallel to the upper surface level of the pool of liquid hot mix heat transfer

medium.

14.  The system of Claim 12, wherein the root of the process auger is positioned above the

upper surface level of the pool of liquid hot mix heat transfer medium.

15.  The system of Claim 12, wherein the root of the process auger is positioned below the

upper surface level of the pool of liquid hot mix heat transfer medium.

16.  The system of Claim 12, wherein the process auger further comprises at least one scoop

attached to at least one flight of the plurality of flights.

17.  The system of Claim 15, wherein the at least one scoop is attached to a distal edge

portion of at least one flight of the plurality of flights.

18.  The system of Claim 17, wherein the at least one scoop has a substantially semi-circular

cross-sectional shape.

19.  The system of Claim 17, wherein the at least one scoop extends substantially parallel to

a longitudinal axis of the root.

20.  The system of Claim 17, wherein the at least one scoop extends at an acute angle

relative to a longitudinal axis of the root.

21.  The system of Claim 16, wherein the at least one scoop comprises a plurality of scoops.
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22.  The system of Claim 21, wherein the plurality of scoops are equally spaced on the at
least one flight of the plurality of flights.

23. The system of Claim 1, wherein the liquid hot mix heat transfer medium comprises

lead.

24.  The system of Claim 1, wherein the pressure chamber is evacuated of oxygen, and
wherein the carbon-based feedstock input into the pressure chamber is broken into the at least

one constituent component by pyrolysis.

25. A system for a constituent rendering of carbon-based feedstock comprising:

a pressure chamber defining an enclosed interior volume, a feedstock input port and at
least one gas output port;

a liquid hot mix heat transfer medium comprising lead positioned within the interior
volume of the pressure chamber forming a pool of hot mix transfer medium having an upper
surface level;

a feedstock input system in communication with the feedstock input port, wherein the
feedstock input system comprises:

at least one feedstock auger configured to rotate and urge the carbon-based
feedstock through the feedstock input system and through the feedstock input port of
the pressure chamber;

at least one grinding station configured to grind the carbon-based feedstock into
smaller carbon-based feedstock pieces;

a compression gate positioned between the at least one grinding station and the
feedstock input port, wherein the compression gate is selectively movable between an
open position and a closed position, wherein in the closed position, the carbon-based
feedstock is restricted from passing through the compression gate and wherein in the
open position, the carbon-based feedstock is urged through the compression gate by the

feedstock auger; and
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a compression zone positioned between the compression gate and the at least
one grinding station, wherein when the compression gate is in the closed position, the
carbon-based feedstock is compressed in the compression zone by the feedstock auger
to form a carbon-based feedstock plug;
at least one spray head positioned in the pressure chamber proximate a lower portion of

the pressure chamber and configured to spray liquid hot mix heat transfer medium upwardly
through the liquid hot mix heat transfer medium towards the upper surface level of the pool of
liquid hot mix heat transfer medium;

a process auger rotatably positioned in the pressure chamber and configured to circulate
the liquid hot mix heat transfer medium, wherein the process auger comprises a root, a plurality
of flights extending radially outwards from the root, and at least one scoop attached to at least
one flight of the plurality of flights, wherein the root is positioned substantially parallel to the
upper surface level of the pool of liquid hot mix heat transfer medium, wherein the root is
positioned above the upper surface level of the pool of liquid hot mix heat transfer medium,
wherein the at least one scoops extends substantially parallel to a longitudinal axis of the root,
and wherein the at least one scoop is substantially semi-circular in cross-sectional shape,

wherein carbon-based feedstock input into the pressure chamber through the feedstock
input port is broken into at least one constituent component by pyrolysis, and wherein a gas

constituent component can exit the pressure chamber through the at least one gas output port.

26. A method for a constituent rendering of carbon-based feedstock comprising:

providing a pressure chamber defining an enclosed interior volume, a feedstock input
port and at least one gas output port;

providing a liquid hot mix heat transfer medium positioned within the interior volume
of the pressure chamber forming a pool of hot mix transfer medium having an upper surface
level,

inputting a carbon-based feedstock into the pressure chamber through the feedstock
input port, wherein the carbon-based feedstock is broken into at least one constituent

component by the hot mix transfer medium; and
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outputting at least a gas constituent component from the pressure chamber through the

at least one gas output port.

27



PCT/US2010/033199

WO 2010/127267

[A114

¢09

cle

Y.

.

% vz

%

/ N

N AN 1)

/]

&

-
//ﬂ' 208
10g

D

N
/

s

\mm__

&
*

Y7, %
— \\
N /;¢/ /v//

S ksssdis
TR

RESEEEES
AARUERNN

/7
%

&5

=\ [P

i
ANy WY/
oy i3 oy
TN

10 It
SOESS ...,f,f?,/.ﬂ,,?oﬁ,/.,/?,@ N .???,\../ 35 ,/A _:ﬂ??,/ N
RS 3 N IR

'SV A,W,A N é;QWJ. S
L Xl X
N TN T2

o

s e
o A
Y 7
N gravd

T

.

\

N

S

A

0L¢

| [

\ B/
\ /
005

2NN\ \\\\i/

KN NN NN

¥0c

W\\

8Le

1/22



PCT/US2010/033199

WO 2010/127267

c09

S
Al

Y09

90¢ c0S

90¢ 0LE ¢0¢

% ‘
f&
3
(a»)
o
(o)

NUILNUNIIN AN RN COUNII NN IR . G Z1 NN

o . I W L WA WEML 0 -\ WO —— SO S W T = § . TR . SR, . A, v

XY 7 X7 X2 XV AN A 007 XA N X X X X 7 727 e . : .\\§§§§—.@Nﬁ%ﬁ§w NS

20€ i plLE

2/22



PCT/US2010/033199

WO 2010/127267

bos. T a¢ O

vi€

0o¢

3/22



WO 2010/127267 PCT/US2010/033199

305
RVARVA

310

-
L
e

Tk 1N

?)8
o B>
308
FIG. 4

\

4/22



PCT/US2010/033199

WO 2010/127267

Go¢c

00€
1]

A

e

[—— |

A 8LE

¢DId

80¢

AVANAY

\

<

8LE

5/22



WO 2010/127267

330

332

330

308

6/22

N

(32

a9}
4
e o]
=
© pumi
o

&

(ap)

Fig. 7

PCT/US2010/033199



WO 2010/127267 PCT/US2010/033199

270
212

205
9

o e .
S 3 ¢ LL
@ s
] ==
S \ e ——
® > 7 3 | =
8 N
N N 7 ¥ @__
PN a8 N
~ '/ <—-—-—-8

S s

218

7/22



PCT/US2010/033199

WO 2010/127267

009

.00

— /1\/ N N NINARN N
//. .u 7T AT Z \//,/ N /<
. OO N '\ SRS
rAXA //A/.\\ 4_/N/ //// N\ U,/ﬁ/i N NN \
i NS NN AT NN
ON.N ‘\ l...i»-.'\,.v:.v.\\ /\v,. /N / /a.i».I.Wr.rq!\..‘».“‘.w-’-rlv_i»-._v.._‘..i,\ ‘q!...w'.iqi 4
g ‘N\\x _,ﬂkx_\ﬁu.x& TS K i o < NOR
\// \“///. \“ /// \“/ N \/.// \ﬁ//../ N -\ . V“ )
ALY 7 AN N AR 78
RRAR AN A AN R
AR
S
\.\qnn.uﬁ\h/...‘“\
AR zee
VAl % 00¢ 0£Z

oce

8ie

YAXA

na
W\\ 91z
602
902
ore
2L

8/22



PCT/US2010/033199

WO 2010/127267

ooy

0.2

JAA

00S N
/'m o

7 902 oveZ
Myl
SRR RN
WAL Y N ////.,/// ///0
N NSNS N
WM D RN WS N ////ﬂ/// ////////‘
N N
7 VoS / /// NN RN D AT NN N
VAW SRNOIARN RNIT SN DAY RN N N4
X N S AN Sy, DARNVAR N S RN Y
N /// /// N SN R //// //
5 BN /// N AR NN /// S8 N
NN S SV NS AN N // NRRESY
RN NN /// ANSRNN N / N /// AN NN / NN
// MNICR N AN NN // NN AN RSN
/// NS S O SO M NS DN
NN S8 DRI EN N DSNRNN N ,
RN A3NN A3SY NVARNY N RN //
// RN / ASNN A3 / NN / v
Yy AN NN Y S
l.ll/// ///ﬂ N /// OV AN
N
— NN NN Qﬂw
Oorod ™ M \ %%

\m/&: 3 QA
\\‘/ \ /.///Z x////v// Z%\
«\ RRU/ZARRR

i

/\“\«

éie

% W

[44A*

\r_\'\

LA ,g
.\ iy

gL AV

143
X

I
it
ASSN ///

SR

AN _///
\ L
f // ////// ///
SN T

,H,V_P
< .
S
ML

ANRSSY / NN

8

RTANSNRRE

AR /w\,

c09
414

O

. 00¢€

Q /|

009
174

00s

:{ X4
0oc

9/22



PCT/US2010/033199

WO 2010/127267

YA%A

| 9l¢
v
WW\\\‘H\\\\\\\
X 00S %
1

SRS O L
RN 3
NN Ny NN\ NN A5 R -1
NN PNV A TN
NNy // N DA\ ARSRN Naw S AR
/// Ny N AN S NNy RS AN AN N AN
/ ////// /N// A3 Ny RN N AN A NRESY ~ /_// A
< Ny N SuRs SN AT SIS PR
s /_// /// NN NN N AN RS ASY M/ AN SN ASS AN A
Sy Ny RSN N NNy AN /// // I N SN SN AR NN
S N SN N AN NN N\ N\ ARSRY S| DN ANSN N N ARSN NN Ny
SSY NN /// N NN ASS N SNy A NN NN AN NN RS W N AN
NNy AR AR 39 A NSy N N\ \ Ny ARSN AN RS N N N AN A ~
NN SAan NN NN NN // N\ Y N RSN MY RN ANNEN " N AN NN\
SNy AN AN ANY // /// N AN N AN NN SAN N NNy NN S AN
/// AN SN AN NN\ TN AN ARSN N\ AN ~ N AR NN AR ANNRY NS
NN AR Ny AN A \S N NN /// ASS NN S N NS AN AN SN A\ N NN\ \S
N /// NN // SN NN ANSN AN N NS ~ NS > N TN NN AR AN N\ AN\
NN /// S Ny AN N AN NN Say SAN N Nan Sy S NS
SRR /// Say A N NS AN RSN NN A\ NN\ N N,
N\ NN N NS ASNN NN N N N N AN 20 N\
SN BN NNRATNN RN NN
SOVAL 0 SN NN DR N Y
A < N RIS RY N AN AN ¥
M| 3 [ AR R .
— > NN RS AN N N N
Oaod™] R RWY Ny
N0y NN N
// NS NS
PN
,,/

RNV NN ,,,”,,,,“.s" \
X - RN \\% <¥
ol 90Z
.\\ a5 % \ “w \\\ 7 /
\ \pa\&ﬁv\\%“ " i /
O \\A:\\“\\\\;\ &/&
‘ \\ q\ 7 '\
‘ﬁ\ N & \ ./5 /sf
\ m:Q N ¥
WA

/N/\A \ 202
. / / / /N// N ///; /

/ J/ @&/ //////Z (N / / N _/ \

. NN

N ./ﬂ/ h / \ //

\
N A
MUWWWWw_NW\ / / /
/
’ I ////

//

X ‘ N\

&\ / ///
/ N /// Y

\\‘ NN N TR ///

<
N
Ny
/// A
Ny Ny
S0y W
.
ARCTRSNY
3 /// NN
N
NS N
N /// N

[

ace

|

//
TR
RGN
Ny NN

Ny N W

1 8

N
O

002

20¢ . A
00¢

8ie
09 00G
0

4113

10/22



WO 2010/127267 PCT/US2010/033199

(P

\\\W
KR
" §\>«
§>/
S
%
270
212
205

75
20
74
2

100
320
30
s
;!

i

W oo llodri e
.

A
A\@
‘ \

\

)

\
\

242

N
\\\
A

\
"\
\‘l
A

‘\\:\\T
> YN

230
V.
I

\
99U .

o

400

D

218

216

11/22



PCT/US2010/033199

WO 2010/127267

209 \\ 8m M s .._,.Ll/tw
s0e _ | ) ——

< / 4 N
\ “ -~ < 7 _\ y ﬂo \ch
J. 3 &) » f
4??7 R
2 im._u._ ] .ﬁ,. -ﬁ.ﬂ. .ﬁ..._w AESUN s .xa
Yt W '
2 NN NN SRR /Qa
\bv G ‘v 1777
&5 wﬂ
) \a.u\wuvh/l\uw/m.\ N/om s 2Lz
\.\‘.MM\W/\L\ 00 oee
) % e

oce

8l¢

12/22



WO 2010/127267 PCT/US2010/033199

Fig. 15

13/22



PCT/US2010/033199

WO 2010/127267

vol ‘b1

A

A

A

d

9¢¢d

m% N

\%\\/\ | B\
Al

mﬁ/ﬂ\/ﬁ/\zﬁ//// z/\zzzz\z N

14/22



WO 2010/127267 PCT/US2010/033199

234

242

232

Fig. 16C

234

242

N
M
N

Fig. 16B

15/22



PCT/US2010/033199

WO 2010/127267

q.1 614

g4

[444

144

8¢¢

14 %4

V.l ‘Bid
C N
_

|
\
bz \WWWW&%WMW& ,WWN
8¢c¢ 9¢

Zve ¢

16/22



PCT/US2010/033199

WO 2010/127267

14 X4

g .b .. 499

vz 2\ 2\ ) wa

Ve 8¢z 9¢T e 8¢Z elova

17/22



PCT/US2010/033199

WO 2010/127267

a6l "B

14 %4

yyg—>

8¢
ve

[4 9¢e

Y

[AN4

T

ve

14%4

V6l "Bid

8¢¢

A

[AN4

oec

18/22



PCT/US2010/033199

WO 2010/127267

005

009

g0¢ '614

vo0z ‘614

009

0€ee

19/22



PCT/US2010/033199

WO 2010/127267

I1C O

00
01z
rATA 952
208 il il LA LG
00S / = 0ze
4 A roe . L5554 S & iy 4
\ ; ' / \
. /
20z %\ oSz 05z \0Sz vz oSzl o
— P08 N /ﬁcN — P0G
5z

yoe

IATA

91¢

90¢
102
0zce

14114
—10S

20/22



00000000000000000000000000000

!

258

Fig. 22




WO 2010/127267

Start

v

Set-up Pressure
Chamber
1000

Y

Select and input
feedstock
1002

Grind feedstock until
desired size is achieved
1004

Y

Compress feedstock
1006

y

Urge feedstock through
compression gate
1008

\4

Expand feedstock
1010

PCT/US2010/033199

\4

Re-grind feedstock
1012

A4

Input re-ground
feedstock into Pressure
Chamber

1014

Feedstock separates into

constituent components
1016

FIG. 23

22/22

Remove feedstock components

from Pressure Chamber

1018

Y

Remove ash from
Pressure Chamber
1020

y

Remove any other undesirable
products from Pressure Chamber

1022

End




INTERNATIONAL SEARCH REPORT - —
International application No
PCT/US2010/033199
A. CLASSIFICATION OF SUBJECT MATTER
INV. C10B49/14 BO9B3/00 C10B53/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Cl0B BO9B C10G F236G

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that

such documents are included in the fields searched

EPO-Internal, COMPENDEX, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

.

Citation of document, with indication, where appropnate, of the relevant passages

Relevant to claim No.

X
FUER INNO [DE])

25 September 2003 (2003-09-25
figure 1 -
claims 1-26

US 4 842 694 A (BENNETT RICHARD
27 June 1989 (1989-06-27)

figure 2

column 3, line 51 - column 4, 1i
US 1 658 143 A (TRIPP CHESTER D)
7 February 1928 (1928-02-07)
figure 1

DE 102 12 104 Al (ABF ENTWICKLUNGSBETR

1-26

J [USD)

1-26

ne 6

1-26

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

“A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

‘0" document referring fo an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
iater than the priority date claimed

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu—
merr:ts, such combination being obvious to a person skilled
in the art.

"&" document member of the same patent family

Date of the actual compietion of the international search

17 September 2010

Date of mailing of the international search report

30/09/2010

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Zuurdeeq, Boudewijn

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2010/033199

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X ~US 5 693 188 A (DONNOHUE JAMES R [UST ET 1-26
AL) 2 December 1997 (1997-12-02)
figures 1-4

column 2, line 52 - column 4, line 7
X US 3 770 419 A (BROWN H) 1-26
6 November 1973 (1973-11-06)
figures 1-5

claims 1-8

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2010/033199
Patent document Publication Patent family Publication
cited in search report date member(s) date
DE 10212104 Al 25-09-2003  NONE
US 4842694 A 27-06-1989  NONE
US 1658143 A 07-02-1928 NONE
US 5693188 A 02-12-1997 AU 2709695 A 19-01-1996
WO 9600268 Al 04-01-1996
EP 0767821 Al 16-04-1997
JP 10502109 T 24-02-1998
Us 3770419 A 06-11-1973  NONE

Form PCT/ISA/210 {patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - wo-search-report
	Page 52 - wo-search-report
	Page 53 - wo-search-report

