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@ A process and apparatus for producing synthesis gas.

@ A gasification system, in which synthesis gas is
produced through the operation of a fuel gas produc-
tion bed comprising an upper layer (66) of organic
input material, typically in the form of pellets or
briquettes of substantially uniform size and configu-
ration which may include toxic waste material, two
intermediate layers (70 and 72), one intermediate
layer (70) for carbonizing the input material, and the
other intermediate layer (72) for partially oxidizing
and substantially completely pyrolyzing the input
material and a lower layer (68) of tar-free charcoal.
The length of the gas production bed from the top of
the upper intermediate layer to the point where gas
exits from the gas production bed is approximately
at least 1.5 times the diameter of the bed, but not
less than 2.13 metres (7 feet). The residence time of
the input material in the intermediate layers and the
lower layers is such that activated carbon may be
produced and/or the toxic waste input destroyed.
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A PROCESS AND APPARATUS FOR PRODUCING SYNTHESIS GAS

Technical Field

This invention relates generally to the art of
gasification, in which synthesis fuel gas is pro-
duced from organic input material by a pyrolysis
reduction process and more particularly concerns a
gasification process in which activated carbon is
produced and/or toxic material such as PCBs and
PCPs are destroyed, in addition to the production
of synthesis gas.

Background Art

The general concept of gasification of organic
input material is relatively well known, including
pyrolysis gasification in which organic input ma-
terial undergoes a chemical and physical change to
charcoal in the absence of a flame, producing in
the process fuel gas such as carbon monoxide and
hydrogen, in addition to other volatiles. A disadvan-
fage to many gasification systems, including those
incorporating a pyrolysis reduction process, is that
tars and other undesirable volatiles are produced
during the process. These volatiles are present in
the synthesis gas and make the gas undesirable,
as well as fouling the equipment for producing the
gas.

Some information is known relative to controi-
ling tars and pyrolysis volatiles, including, among
others, controlling the particular configuration of the
gas reduction bed, the temperatures of the various
layers in the reduction bed, and the character and
arrangement, including size, of the input material.
lllustrative of this body of knowledge is US-A-
4,530,702, in the name of Fetters, et al, titled
Method for Producing Fuel Gas From Organic Ma-
ferial, Capable of Self-Sustaining Operation.

However, there are still presently many un-
knowns concerning the reliable production of es-
sentially tar-free fuel gas. For instance, it is not
completely understood what are the significant pro-
cess control features and/or characteristics of the
gas production bed which tend 1o prevent creation
of tars and other volatiles and to maintain efficient
operation of the gasifier.

In addition, a typical by-product of the gasifica-
tion process is the production of charcoal. This
charcoal typically must be periodically removed
from the gasifier and disposed of, in some fashion.
Unfortunately, the market for charcoal produced by
conventional gasification systems is uncertain and
disposal problems thus sometimes exist. This in-
creases the overall expense of the gasification sys-
tem, due to a lack of adequate return on the
charcoal produced.
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Disclosure of the Invention

The present invention is a process/apparatus
which is adapted to produce synthesis gas and fo
produce activated carbon and/or destroy selected
toxic material. The process includes the step of
establishing a reaction bed in a closed gasifier
reaction chamber, the gas production bed compris-
ing in sequence an upper layer of organic input
material which may in one embodiment include
selected toxic material in controlled amounts, an
intermediate pyrolysis layer in which the input ma-
terial is gradually reduced to charcoal, with volatiles
being released from the input material, and a lower
layer of substantially tar-free charcoal, wherein sub-
stantially all the volatiles from the intermediate lay-
er are reduced to carbon monoxide, methane and
hydrogen, and wherein the toxic material is de-
stroyed. The intermediate layer and an upper por-
tion of the lower layer is at a temperature of 850"
to 950° C. Oxygen-containing air is moved down
through the gas production bed to sustain the op-
eration of the bed. Additional organic material is
added to the gasifier chamber to maintain the up-
per layer of the bed. The operation of the bed is
such that the input material remains in the inter-
mediate layer and the lower layer approximately at
least six to ten hours. The activated carbon pro-
duced has an iodine number of at least 500.

Brief Description of the Drawings

Figure 1 is an elevational view showing a
gasifier in which the present invention is em-
bodied.

Figure 2 is a top plan view of the gasifier of
Figure 1.

Figure 3 is a top plan view showing the star
valve system used in the gasifier of Figure 1.
Figure 4 is a top plan view showing the levelling
arm used in the gasifier of Figure 1.

Figure 5 is a side elevational view of the level-
ling arm of Figure 5.

Figure 6 is a cross-sectional view taken along
the lines 6-6 in Figure 1, showing the cooling
tube arrangement used in the lower end of the
gasifier.

Figure 7 is a simplified representational view of
a gas production system which includes the
gasifier of Figure 1.

Figure 1 shows an elevational view of a gasifier
apparatus in which a gasification process which
embodies the present invention may be carried out.
The gasifier, referred to at 10, is generally cylin-
drical, and in the embodiment shown is approxi-
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mately 7 metres (23 feet) high. In the embodiment
shown, the gasifier is constructed from 12 1/2 mm
(1/2 inch) stainless steel, but this could be varied,
as long as the structure has the required strength.
The main body of the gasifier includes a top por-
tion 12 which has a slightly concave upper surface
14A. The top portion 12 in the embodiment shown
is approximately 38 cm's (15 inches) high, at its
point of greatest height. A middle portion 14 of the
gasifier main body is cylindrical and extends down-
wardly from the upper portion for approximately
3.35 metres (11 feet). The diameter of gasifier main
body in the middle portion 14 is approximately 1.9
metres (6 feet 4 inches), over the entire length of
the middle portion 14.

Surrounding the lower part of the middle por-
tion 14 of the main body of the gasifier is a lower
portion 18 which extends from a point approxi-
mately 53 cms (1 foot 9 inches) above the lower
end 17 of the middle portion 14 downwardly ap-
proximately 1.2 metres (4 feet). The lower portion
18 is also cylindrical, and in the embodiment
shown has a diameter of approximately 2.6 metres
(8 feet, 7 inches). Approximately 50 mm (2 inches)
above the lower end 17 of the middle portion 14 of
the gasifier main body is a screen ring 20 which
extends between the middle portion 14 -and the
lower portion 18 of the gasifier main body. In the
embodiment shown, the screen ring 20 has open-
ings approximately 5 mm (3/16 inch) in diameter.

A plurality of triangular gussets 22-22 in the
form of vertical flat plates extend around the pe-
riphery of the gasifier main body between the hori-
zontal upper surface 19 of lower portion 18 and the
vertical exterior surface 21 of the middle portion
14, primarily for purposes of structural strength and
integrity.

At the lower end of lower portion 18 is a
removable star valve assembly 23. Immediately
below the star valve assembly 23 is positioned a
cone-shaped portion 26 which in the embodiment
shown has an angle 24 of 60°, although this could
be varied. Typically, however, the angle should be
greater than 45° The cone-shaped portion 26 has
a height of approximately 1.2 metres (3 feet, 10
inches) from its base to its apex. At the bottom
(apex) of the cone-shaped portion 26 is an opening
28 approximately 30 cm's (one foot) in diameter.

Surrounding the cone-shaped portion 26 is a
cylindrical shield 32 which extends from the loca-
tion of the star valve assembly 23 downwardly to
the ground 34. The supporting shield 32 provides
the vertical support for the main body of the
gasifier. The support shield 32 has a plurality of
vertical slots 36-36 therein around the periphery
thereof, the slots 36-36 in the embodiment shown
being approximately 90 cm's (3 feet) high by ap-
proximately 76 mm's (3 inches) wide.
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Extending from an opening 37 in the support
shield 32 at right angles thereto for a short distance
and then upwardly along the side of the gasifier is
an air conduit 38. In the embodiment shown, air
conduit 38 is an 20 cm's (8 inch) diameter steep
pipe. At the top of the air conduit 38 it divides into
two horizontal sections 42 and 44, which extend
around the gasifier and are connected to the
gasifier body at two points 43, 45 approximately
180° removed from each other. The horizontal sec-
tions 42 and 44 in the embodiment shown are 15
cm (6 inch) diameter steep pipe. The horizontal
sections enter the gasifier slightly below the upper
edge 46 of the middle portion 14 of the gasifier
body. The air conduit 38 provides the flow of air
necessary for the operation of the gasifier, as more
fully explained hereinafter.

The organic input material is provided to the
gasifier 10 through an intake assembly 47 at the
very top of the gasifier. The organic input material,
such as wood, other organic waste products,
sawdust, efc., when it enters the gasifier is sub-
stantially uniform in size and configuration, and will
be symmetrical as far as possible. The input ma-
terial has a moisture level which is approximately in
the range of 8-14% by weight. The thickness of the
input material in one dimension (and in all dimen-
sions if the input element is completely symmetri-
cal) should be approximately 1% of the diameter of
the gasifier + .25%, although the smallest size will
typicaly be approximately 4.75 mm (3.16 inch).

Figure 1 shows the configuration of the gas
production bed during operation of the gasification
process. With respect to start-up of the process, an
initial charge of carbon (charcoal) is positioned in
the gasifier. Preferably, the initial charge, of char-
coal is substantially tar-free. Typically this initial
charge of charcoal will be a remainder from pre-
vious processing. The charcoal will typically extend
from the lower end of the gasifier upwardly to a
level designated as A in Figure 1. This charcoal is
then ignited. When ignition has been accomplished
such that the temperature of the charcoal is sub-
stantially uniform across the cross-sectional area of
the gasifier, the organic input material is fed
through the inlet assembly 47 at the top of the
gasifier.

As explained above, the input material is pref-
erably in the form of briquettes or pellets. The
pelletized/briquetized input, prior to introduction
thereof, is typically stored in a hopper and then
moved by conveyor or similar device to the inlet
assembly 47 of the gasifier. The input material,
upon entry into gasifier, falls on top of the heated
lower charcoal layer which acts as a base material,
with the top of the input material being approxi-
mately at a level designated as B in Figure 1.

A leveling arm assembly shown generally at 50
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in Figure 1 and more particularly in Figures 4 and
5, located in the vicinity of the upper surface of the
input material, is rotated to spread the input ma-
terial uniformly over the cross-sectional area of the
gasifier. This uniform spreading of the input ma-
terial insures substantially uniform air diffusion and
uniform downward movement of air over the cross-
sectional area of the gasifier, resulting in a substan-
tial reduction, if not elimination, of channeling,
which refers to openings between adjacent input
elements which permit flow of air therethrough,
causing hot spots and a lack of a uniform tempera-
ture profile. This in turn results in the production of
tars and other undesirable volatiles.

The leveling arm assembly 50 comprises a
vertical shaft 52 and two relatively narrow extend-
ing arms 54 and 56 which extend outwardly from
the vertical shaft 52 at the lower end thereof, such
that the far ends 54a, 56a of the two extending
arms 54 and 56 are substantially adjacent the inter-
nal surface of the gasifier. Each extending arm is
approximately 10 cm's (4 inches) high and extends
for approximately 94 cm's (3 feet, 1 inch) from the
vertical shaft. Each extending arm is angled in
configuration, comprising two straight sections 58
and 60, as exemplified in extending arm 54. The
first straight section 58 is approximately 61 cm's
(24 inches) long, and the second section 60 is
approximately 38 cm's (15 inches) long, with the
second section 60 being at an angle of approxi-
mately 160° relative to the first section. The far
ends 54a, 56a of the extending arms lead the arms
when the leveling arm assembly 50 is rotated cloc-
kwise.

The second straight section 60 is also angled
slightly from the vertical, approximately 30° in the
embodiment shown. For clockwise rotation, the up-
per edge of the far end 54a of the straight section
60 is the leading edge. This particular configuration
permits an ease of sweeping the input material to
produce a substantially uniform level thereof. Trian-
gular gussets 62-62 are secured between the up-
per edge of the extending arms and the vertical
shaft, for purposes of strength and rigidity.

During the gasification process, air is moving
upwardly through air conduit 38 through the hori-
zontal sections 42 and 44 into the top of the
gasifier and down through the gas production bed.
The air is heated because it is drawn from the
chamber 51 enclosed by protective support shield
32. The heated charcoal in the cone-shaped portion
26 of the gasifier body heats the air in the chamber
51. The organic input material positioned above the
charcoal base material, i.e. between level A and
level B, will limit the diffusion of air to the charcoal
base material.

As air is moved down through the gas produc-
tion bed, however, the upper part of the heated
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charcoal will first heat and then thoroughly ignite
the lower portion of the input material. The gas
production bed soon reaches steady state con-
ditions in which synthesis gas is produced.

At steady state conditions, the temperature of
the charcoal base material, at least in the upper
portion thereof, will be approximately 900° C. Typi-
cally the temperaiure will decrease somewhat in
the lower regions. As one example, the tempera-
ture might vary from 875 C at the top of the
charcoal base material layer down to 725° G near
the star valve assembly. Within the input material,
two discernable reaction layers will develop above
level A, which is the top of the charcoal base
material. The two reaction layers are shown as
separated by a line designated as C in Figure 1.

Thus, during steady-state operation, there is an
upper layer 66 of basically unreacted input ma-
terial, a lower layer 68 of hot charcoal which has
been substantially completely reacted and two in-
termediate layers 70 and 72. In layer 70, which is
approximately 10-15 cm's (4-6 inches) in depth, the
organic input material is carbonized, at a tempera-
ture within the range of 400° to 500° C. In this zone
or layer, the temperature is low enough to prevent
the formation of clinkers, while at the same time
most of the volatiles will be driven off and synthe-
sis gas produced. In layer 72, 2.5-15 cm's (1-6
inches) deep, the input material undergoes partial
oxidization with a controlled amount of air, to draw
additional volatiles from the input material. Com-
plex hydrocarbons are typically released in this
layer. The partial oxidation of the organic material
in this layer raises the temperature of the material
to approximately 900 °C. The organic material is
surrounded by carbon dioxide and other gases and
in the process of releasing further volatiles, the
input material changes into activated carbon. The
high temperatures in this layer are sufficient to
crack the complex hydrocarbons as well as some
of the volatiles and water vapor produced. By the
time the input material moves all the way through
layer 72, it has been substantially completely
pyrolized and is in the form of activated carbon.
The input material passes through layer 72 fairly
slowly. Typically, movement of the input material
through this layer and layer 68 requires 6-10 hours.
The remaining pyrolysis volatiles and any tars pass
from layer 72 into the partially activated carbon
base material layer 68. At the bottom edge of layer
72, the input material now in the form of activated
carbon, becomes part of the base material layer.

Within the charcoal base layer, the upper part
of which is typically maintained at a temperature of
875°C - 900 °C, all remaining tars and other un-
desirable pyrolysis volatiles will decompose into
combustible gases. The hydrocarbons will decom-
pose to carbon monoxide, hydrogen and methane,
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while some hydrocarbons will react with oxygen to
become carbon dioxide and water vapour. Any
remaining traces of tars left in the gas will be
filtered out by the remainder of the charcoal base
layer, i.e. the charcoal may absorb those remaining
volatiles. The fuel gas exits from the gasifier
through exit ports 76-76. The effectiveness of the
gasification process in general is enhanced by a
particular length of the gas production bed. The
distance between level B, at the upper end of the
pyrolysis zone, and the point at which the gas exits
the gasifier is at least 1.5 times the diameter of the
gasifier, but in any event not less than 2.13 metres
(seven feet).

The production of synthesis gas and activated
carbon is a continuous process, comprising the
introduction of input material at the top of the
gasifier and the continuous partial oxidization and
pyrolysis of the input material, produced by the
movement of oxygen-containing air downwardly
through the production bed, both of which are
controlled in a manner described in more detail
below.

During operation of the gasification process the
level of activated charcoal in the gasifier will gradu-
ally rise, i.e. level A gradually rises within the
gasifier. This will raise the layers 70 and 72 upwar-
dly correspondingly until layer 70, which is typi-
cally at a temperature of approximately 500 °C,
reaches the level of thermocouples or temperature
probes 80-80. The material in layer 66 is substan-
tially cooler than 500 °C. When layer 70 reaches
the level of temperature probes 80-80, the charcoal
base material layer 68 is lowered by the removal of
charcoal therefrom. The charcoal removed from the
gasifier is activated carbon. This is accomplished
through the use of the star valve assembly 23
which is shown representationally in Figure 1 and
in more detail in Figure 3, and described in more
detail below.

The star valves, when operated, cause the
charcoal base layer 68 to drop or lower uniformly
over the cross-sectional area of the gasifier. The
uniform lowering of the gas production bed tends
to prevent channeling, hot spots, etc. developing in
the bed, which create problems in reliable, consis-
tent gasification operation. The star valves continue
to operate until level D, the ifop of layer 70, is
below the level of temperature probes 80-80, since
layer 66, being substantially unreacted, is at a
significantly lower temperature than that of layer
70, i.e. approximately 300" C. Thus the tempera-
ture probes 80-80 differentiate between layers 66
and 70.

Sensors 86-86, typically in the form of a con-
ventional electric eye, are located above tempera-
ture probes 80-80. Once the upper surface of the
input material layer 66 moves below the line of
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sight of sensors 86-86, the input feed system is
activated, the conveyor is operated and input ma-
terial is moved through the inlet assembly until the
line of sight of sensors 86-86 is again blocked.

In addition, there are other temperature probes
84-84 which are positioned throughout the gasifier
at various levels within the area bounded by the
activated charcoal base layer. If the temperature in
the base layer is outside the desired range, either
higher or lower, the amount of air moving through
the production bed is controlled to bring the tem-
perature back within the desired range. Also, in the
embodiment shown, there is an oxygen analyzer 88
which extends into the void area between the up-
per surface of the input material in the gasifier and
the very top of the gasifier. The results from the
oxygen analyzer 88 can be used alone or in con-
junction with the results from temperature probes
84-84 to control the input of air into the gasifier.
The control of the air is accomplished by a but-
terfly valve 90. This can be done either automati-
cally or manually.

The present invention has the advantage of
producing activated carbon using the process de-
scribed above. Activated carbon is characterized
by an iodine number of at least 500. In order to
achieve the desired iodine number, the carbon
produced in the course of the process is removed
from the gasifier at the rate of approximately 10-
12% by weight relative to the amount of the or-
ganic input material supplied to the gasifier. Ac-
tivated carbon is a valuable commodity and is
typically not reliably produced in other gasification
systems. By removing the carbon at the specified
rate, the organic input material will spend sufficient
time, i.e. approximately 6-10 hours, within layers 72
and 68 to be fully activated. Partial oxidation of the
input material occurs in layer 72, thereby maintain-
ing the temperature in the layer 70 within the
specified range of approximately 500°C and the
temperature of the upper part of layer 68 at ap-
proximately 900° C.

Referring now in more detail to Figure 3, the
star valve assembly is shown generally at 100. It
includes a frame which in turn includes a circular
ring 102 which in the embodiment shown in ap-
proximately 23 cm's (9 inches) high and 2.59
metres (8 feet, 6 inches) in diameter. Extending
forwardly from the circular ring 102 on opposite
sides thereof and tangent thereto are parallel side
braces 104 and 106, connecting at their free for-
ward ends by a front brace 108. Extending rearwar-
dly from front brace 108 and supported by circular
ring 102 are a plurality of mounting rods 110-110.
In the embodiment shown, the mounting rods are
on twelve inch centers, and there are a total of
eight mounting rods in the embodiment shown.

Supported on the mounting rods 110-110 with-
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in the area bounded by circular ring 102 are elon-
gated paddle-like elements 112-112 which are star
shaped in cross-section, approximately one inch in
diameter and which extend substantially across the
opening bounded by ring 102. Several of the star-
shaped elements 112, however, comprise two por-
tions, separated by a small distance, so that they
are not continuous. The mounting rods 110-110 are
supported for rotation by front brace 108 and ring
102 and are connected o conventional mechanical
and electrical elements which result in their rota-
tion, such as gears, belts, and the like.

Extending between the adjacent star-shaped
paddie elements 112-112 are elongated blocking
elements 114-114 which are circular in cross-sec-
tion. The blocking elements come substantially ad-
jacent to the edges of successive star shaped
paddle elements 112-112. The spacing between
the paddle elements 112-112 and the blocking ele-
ments 114-114 is such that only the finest material,
such as carbon fines and ash, can move through
the star valve assembly until the star-shaped pad-
dle elemenis are operated. In operation, the star-
shaped paddle elements 112 are rotated, moving
charcoal into the cone-shaped section of the
gasifier body. There are a sufficient number of the
paddle elements to result in the charcoal bed
lowering at a uniform rate across the cross-sec-
tional area of the gasifier.

Although in the embodiment shown a total of
eight star-shaped paddle elements are used, a
fewer number will still provide the desired uniform
lowering of the bed. However, the star shaped
paddle elements should cover at least 25 percent
of the cross-sectional area of the bed to provide
the substantially uniform lowering. Also in the em-
bodiment shown the star valve assembly is config-
ured and arranged such that it may be inserted and
removed into the gasifier as a unit. This is desir-
able for cleaning, repair and the like of the assem-
bly. The gasifier itself is constructed with sufficient
internal support elements to permit removal of the
star-valve assembly.

Figure 6 shows another feature of the present
invention. The cone-shaped element 92 which cor-
responds fo element 26 in Figure 1 includes there-
within a set of cooling tubes shown generally at 93.
In the embodiment shown, the cooling tube ar-
rangement 93 comprises a tube or pipe arranged in
successive rings, i.e. a spiral, with an increasing
diameter in the upward direction, so that it tends to
follow the configuration of the cone-shaped section
92. Entry and exit portions 94, 95 are provided at
the top and bottom of the cooling tube assembly.
The assembly 93 is supporied within the cone-
shaped element 92 by supports 96 which are con-
nected to the interior surface of element 92. I
should be understood that although the embodi-
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ment shown is in the form of a series of rings, the
circular configuration can be approximated by a
series of straight sections, for ease of manufacture.

In operation, cooling fluid is passed through the
tubing, which results in the cooling of the charcoal
in the cone-shaped element, making the charcoal
easier to work with.

Figure 7 shows in representational form the
gas train system in which the present invention is
embodied. As explained above, but which is not
shown in the figure, the input material or feed, in
the form of carbon-containing material, is first
shredded to a uniform size and then briquetted or
pelletized through conventional methods. The input
material in the form of briquettes or pellets or the
like is dried and then moved to a storage bin from
where it is conveyed 120 to the input 121 {o the
pyrolysis gasifier 122, as explained in detail above.

During operation of the gasifier, both fuel gas,
i.e. carbon monoxide, methane and hydrogen, as
well as activated carbon, are produced, as ex-
plained above. The activated carbon is moved from
the gasifier at the bottom of the cone-shaped por-
tion 124 by means of a screw conveyor 126 to a
carbon hopper 128 from where it may be conve-
niently packaged or otherwise transported for sale.
The fuel gas is drawn from the gasifier through exit
ports 130-130 which extend from the gasifier at
selected intervals around the periphery thereof.
The gas from the exit ports are connected to an
outlet pipe 132.

The synthesis gas at this point is at a tempera-
ture of approximately in the range of 500-650° C
and is applied to a one-pass heat exchanger 134
which lowers the temperature of the gas to within
the range of 250°-350° C. The one pass heat ex-
changer is important in the embodiment shown,
since it avoids problems caused by precipitates
such as potassium hydroxide which weakens the
welds in the heat exchanger if the gas must move
through an angled path.

The gas then is moved to a cyclone separator
136 which has an external jacket adapted to permit
a flow of fluid, such as water, therethrough. The
wall 135 of the separator 136 is cool, ie. at a
temperature of approximately 30°-40°C. Par-
ticulates such as silica and potassium hydroxide
which are in the gas tend to precipitate in the
cyclone because of the cold wall 135 and are
removed therefrom at outlet 137. The temperature
of the gas is also lowered to approximately within
the range of 150 -200° C.

The synthesis gas then is moved to a second
one-pass heat exchanger 138 where the gas is
further cooled to approximately 30° - 40°. The gas
then is applied to a conventional gas filter 140,
which in the embodiment shown is a cariridge filter
which removes fine particulates from the gas. The
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gas then proceeds to a gas blower sysiem 142
which draws the gas through the entire gasification
system, including the pyrolysis gasifier. Blower
system 142 is responsible for the flow of air and
synthesis gas throughout the entire system. The
blower system 142 compresses the gas and raises
its temperature to approximately 100°C. In the
embodiment shown, the pressure of the gas at this
point is approximately 20.7 kN/m? (3 psi).

The gas is then applied to a third heat ex-
changer 144 which lowers the temperature of the
synthesis gas back to 30" - 40° C. The gas is then
applied to an end-use system or apparatus, such
as a gas engine or boiler. Thus, in the embodiment
shown, the gas is cooled in a series of steps which
includes a cool-wall cyclone adapted to remove
undesirable particulates. The system has proven to
be effective and produces a gas at a usable tem-
perature and pressure.

Thus, an improved gasification system has
been described with accurate and precise control,
avoiding the formation of clinkers and tars and
other volatiles in the gas. It also includes particular
elements or assemblies, such as the star valve
assembly and a cooling tube, which provide im-
proved operation for the apparatus. The apparatus
is also adpated to reliably produce activated car-
bon, i.e. carbon having an iodine number of at least
500, for which there is a substantial market.

The process in which the present invention is
embodied can also be used to destroy PCB
(polychlorinated biphenyl) material, PCP
(pentachlorophenol) material and other organic tox-
ic material. It has been demonstrated that with the
preferred embodiment of the present invention,
PCB destruction will reach 99.9999%, while for
PCP the destruction is 99.999%. Other toxic ma-
terial will likely have similar levels of destruction.

The toxic material to be desiroyed may
originally be in various forms, including a powder
or liquid, or it may be imbedded in wood or soil. In
each case the toxic material is first typically com-
bined with non-contaminated organic material and
formed into a briquette, pellet or similar form,
hereinafter referred to as a pellet form. Non-con-
taminated organic material is thus the medium for
the toxic material. For instance, if the toxic material
is imbedded in existing wood, the wood is simply
pelletized using normal procedures. If it is in sail,
the toxic soil is typically mixed with organic ma-
terial, such as wood, and then pelletized. If the
toxic material is in the form of a powder or a liquid,
it is typically mixed with ground or shredded or-
ganic material, such as sawdust, and the mixture is
then compacted and pelletized. Typically, the
range of impurities for the contaminated pelletized
material, to achieve the purity results mentioned
above, is 10 parts per million (ppm) to 5,000 ppm
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for PCBs and 10 ppm to 15,000 ppm for PCPs.
The size, shape, and other characteristics for the
input pellets are the same as described previously
above.

After the input has been thus formed, it is fed
into the gasifier in much the same way as de-
scribed above; the reaction bed is also similar to
that described above, i.e., an upper layer of un-
reacted input material, first and second intermedi-
ate layers and a lower layer of hot, substantially
completely reacted charcoal. The contaminated in-
put material moves through the intermediate layers
and forms part of the lower layer, just like with
conventional input material.

It is important that one intermediate layer, typi-
cally the lower one, be at a temperature of 850" to
950° C. This is the same temperature range which
should be present in the upper regions of the lower
layer. The upper intermediate layer in the reaction
bed will typically be at a temperature of 400 -
500°C.

Apart from the temperatures, however, it is
particularly important that the residence time of the
contaminated input material be within the previous-
ly described range of six to ten hours and, that the
distance between the upper intermediate layer and
the selected point where the synthesis gas exits
from the gasifier is approximately 1.5 times the
diameter of the reaction bed but not less than
approximately 2.13 metres (seven feet).

Although the process can, in fact, be run to
produce activated carbon, if desired, it is not es-
sential that activated carbon be produced. Any
activated carbon which is removed from the unit
may be reused as input in the gasifier at a later
time or may be burned in another unit. Tar-free
synthesis gas is, of course, produced by the pro-
cess and this gas may be used in any conventional
gas burning system, such as a burner or engine.
The gas is not contaminated and may be used for
any conventional purpose. Any residue ash from
the system may be either disposed by moving it to
a land fill or the like or may be directed to a
cyclone separator and then returned to the gasifier.

As mentioned above, use of the above-de-
scribed contaminated input in the described pro-
cess resulis in the destruction of PCBs to the
extend of 99.9999%, and PCPs fo the extend of
99.999%. These are considered o be acceptable,
safe destruction levels.

One significant advantage of the disclosed sys-
tem for destruction of toxic material is that the
system can be completely portable, so that it can
conveniently be moved to the site of the toxic
material, instead of transporting the toxic material
to the gasifier.

Although a preferred embodiment of the inven-
tion has been disclosed herein for illustration, it
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should be understood that various changes, modi-
fications, and substitutions may be incorporated in
such embodiment without departing from the spirit
of the invention as defined by the claims which
follow.

Claims

1. A process adapted to produce synthesis gas and
activated carbon from an inorganic input material,
comprising the steps of:

establishing a synthesis gas production bed in a
closed gasifier reaction chamber, the gas produc-
tion bed comprising in sequence an upper layer of
organic input material, an intermediate pyrolysis
layer, in which the organic input material is gradu-
ally reduced to charcoal, with volatiles being re-
leased from the input material, including hydrogen,
carbon monoxide, methane, water vapor and tars,
and a lower layer of substantially tar-free charcoal,
wherein substantially all the volatiles from the inter-
mediate layer are reduced to carbon monoxide,
methane and hydrogen, wherein the distance be-
tween the top of the intermediate layer and the
point where the synthesis gas exits from the gas
production bed is approximately at least 1.5 times
the diameter of the bed but not less than approxi-
mately 2.13 metres (7 feet);

moving oxygen containing air down through the
gas production bed to sustain the operation of the
gas production bed and adding additional organic
maierial fo the gasifier chamber to maintain the
upper layer of the gas production bed, and
removing charcoal from the bottom of the gas
production bed at such a rate relative to the
amount of input material and otherwise maintaining
the operation of the gas production bed in such a
manner that the charcoal reduced from the input
material is activated carbon, having an iodine num-
ber of at least 500.

2. A process of Claim 1, including the step of
controlling the amount of oxygen-containing air
moved down through the gas production bed in
“order to maintain the temperatures of the inter-
mediate layer and the lower layer within selected
ranges.

3. A process of Claim 2, wherein the intermediate
zone in the gas production bed includes an upper
zone which is at a temperature within the range of
400°-500° C in which the input material is car-
bonized and a lower zone which is at a tempera-
ture within the range of 850" C-950° C in which the
input material is partially oxidized, and wherein the
lower layer includes an upper portion which is at a
temperature within the range of 850°-950° C.

4. A process of Claim 1, wherein the input material
is substantially uniform in size and configuration
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and is symmetrical along at least one axis, and
wherein the thickness of the input about said one
axis is approximately 1% % .25% of the diameter of
the gas production bed, but not less than 4.75 mm
(8/16 inch).

5. A process of Claim 1, including the step of
lowering the gas production bed uniformly across
the cross-sectional area thereof at selected times
during operation of the gas production bed.

6. A process of Claim 1, including the step of
monitoring the oxygen content of the air in the void
between the top surface of the upper layer of the
gas production bed and the top of the closed
chamber and controlling the volume of air allowed
into the chamber at least partially in accordance
with said monitored oxygen content.

7. An apparatus for producing synthesis gas and
activated carbon from organic input material, com-
prising:

a closed reaction chamber in which is established
a synthesis gas production bed comprising in se-
quence an upper layer of organic input material, an
intermediate pyrolysis layer in which the organic
input material is gradually reduced to charcoal, with
volatiles being released from the input material, the
volatiles including hydrogen, methane, carbon
monoxide, water vapor and tars, and a lower layer
of substantially tar-free charcoal wherein substan-
tially all the volatiles from the intermediate layer
are reduced to carbon monoxide, methane and
hydrogen, the chamber including upper and lower
portions, the lower portion having a uniform cross-
sectional area which is somewhat larger than the
cross-sectional area of the upper portion, the lower
portion having an upper part which overlaps the
lower part of the upper portion;

means supporting the lower layer of the gas pro-
duction bed at the lower end of the lower portion of
the chamber and a cone-shaped portion depending
from the lower end of the lower portion, said cone-
shaped portion having an opening therein to re-
move charcoal therefrom; and

means for introducing oxygen-containing air into
the reaction chamber.

8. An apparatus of Claim 7, wherein said support-
ing means is arranged to selectively move charcoal
therethrough into said cone-shaped portion there-
below in such a manner that the gas production
bed is lowered uniformly over the cross-sectional
area of the bed as charcoal is moved into said
cone-shaped portion.

9. An apparatus of Claim 7, including a cover
element defining a lower chamber around said
cone-shaped portion and air conduit means con-
necting the lower chamber with an air inlet at the
top of the reaction chamber.

10. An apparatus of Claim 7, including means for
monitoring the temperature of the gas production
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bed and for controlling the volume of oxygen-
containing air introduced into the reaction chamber
accordingly.

11. An apparatus of Claim 7, including means with-
in the cone-shaped portion for cooling the charcoal
therein.

12. An apparatus of Claim 11, wherein said cooling
means is an arrangement of pipes, through which
cooling fluid is passed.

13. An apparatus of Claim 7, including means for
controlling the removal of charcoal from the cham-
ber relative to the amount of input material intro-
duced into the chamber and thereby controlling the
amount of residence time of the input material in
the gasification bed such that the charcoal re-
moved comprises activated carbon, having an io-
dine number of at least 500.

14. An apparatus for producing synthesis gas,
comprising:

pyrolysis gasifier means for producing a synthesis
fuel gas, the synthesis gas being at an elevated
temperature in the range of 500  to 650° C when it
exits the gasifier means;

a first one-pass heat exchanger for initially reduc-
ing the temperature of the gas;

a cyclone separator means for further cooling the
gas from the first heat exchanger means and for
removing particulates from the gas;

a second one-pass heat exchanger for cooling the
gas from the cyclone separator to approximately
30-40° C; and

a gas blower for moving oxygen-containing air
downwardly through the gasifier and for moving the
synthesis gas through the first heat exchanger, the
cyclone separator means and the second heat ex-
changer, in sequence.

15. An apparatus of Claim 14, wherein the cyclone
separator means includes a jacket surrounding the
cyclone means arranged to permit the passage of
cooling fluid therethrough so that the walls of the
cyclone separator means are maintained at a sub-
stantially lower temperature than the temperature of
the synthesis gas therein, which results in the
precipitation of particulates from the gas.

16. An apparatus of Claim 15, including an addi-
tional heat exchanger following the gas blower for
lower the temperature of the gas from the gas
blower, wherein the gas exiting from the additional
heat exchanger is suitable for use in an engine or
the like.

17. A process adapted to destroy certain toxic
materials and to produce synthesis gas comprising
the steps of:

establishing a reaction bed having a top and a
bottom and a selected diameter in a closed gasifier
reaction chamber to produce synthesis gas, the
reaction bed comprising, in sequence, an upper
layer or organic input material which includes se-
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lected toxic material in controlling amounts, at least
one intermediate pyrolysis layer, in which the or-
ganic input material is gradually reduced to char-
coal and volatiles are released from the organic
input material, and a lower layer of substantially
tfar-free charcoal, wherein the intermediate layer is
at a temperature within a range of 850° to 950,
and wherein the organic input material, including
the toxic material, has a residence time in the
intermediate layer and the lower layer of approxi-
mately six to ten hours, such that the toxic material
is destroyed and substantially all the volatiles from
the intermediate layer are reduced to carbon mon-
oxide, methane and hydrogen;

addition additional organic input material with toxic
material to the reaction chamber in an amount
sufficient to maintain the upper layer of the reaction
bed; and

moving air down through the reaction bed in a
controlled amount so as to maintain the tempera-
tures of the intermediate layer and the lower layer
within the respective ranges

18. A process of Claim 17, wherein synthesis gas
exits from the reaction bed at a selected point, and
wherein the distance between the first intermediate
layer and the selected point is approximately 1.5
times the diameter of the reaction bed but not less
than approximately 2.13 metres (seven feet).

19. A process of Claim 17, including the step of
monitoring the amount of air moved down through
the reaction bed in order to maintain the tempera-
tures of the intermediate layer and the lower layer
within selected ranges.

20. A process of Claim 17, wherein the toxic ma-
terial and the organic input material are together
formed into pellet-like elements in which the con-
tamination is within the range of 1- ppm - 15,000
ppm.

21. A process of Claim 17,wherein the reaction bed
includes another intermediate zone above said one
intermediate zone, said another intermediate zone
being at a temperature within the range of 400° to
500" C.

22. A process of Claim 20, wherein the input ma-
terial elements are substantially uniform in size and
configuration and are symmetrical along at least
one axis, and wherein the thickness of the input
material about said one axis is approximately 1%
plus or minus .25% of the diameter of the reduc-
tion bed, but not less than 4.75 mm (3/16 of an
inch).

23. A process of Claim 17,wherein the process is
carried out in a reaction chamber which is portable
and may be conveniently moved form site to site.
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