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CHEMICAL SEPARATION AND REACTION APPARATUS

TECHNICAL FIELD OF THE INVENTION
The present invention relates to an apparatus for use in the separation of volatile from
non-volatile substances, separation of volatile substances, one from another, and for performing
5 varjous chemical reactions and, in particular, to an apparatus to perform these functions utilizing
a combination of above ambient temperatures and above one inch of mercury vacuum within a
rotating vessel fitted with or without an internal filter through which exiting gases and vapors
must pass. Because of the compactness allowed by the present invention, the apparatus can also

be configured to operate in a self-contained mobile mode.
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BACKGROUND AND HI STCRY )
Various thermal treatment systems have been and continue to be used to separate volatile

from non-volatile substances. For example, thermal desorption units are commonly used to
remove substances such as mercury and volatile organics from soil and other solids. These prior

5 artsystems use heated rotating or non-rotating vessels operated under slight vacuums of less than
| inch of mercury in the rotating systems to high vacuums of over 28 inches high in the

non-rotating systems. The slight vacuum employed in rotating systems is to prevent leakage of
environmentally-regulated substances out of the retort and off-gas treatment system, while the
high vacuum in non-rotating systems serves to shorten process times. Although the technology

10 is well known. there are several drawbacks and limitations which are overcome with the current
invention.

First, in the prior art rotating systems, the off-gas treatment equipment, which is required
to remove contaminated particulates and regulated chemicals prior to discharge of the treated
gases to the atmosphere. is very large and expensive compared to the system's processing rate.

15 Due to ever more stringent air emission regulations and the need to protect human health and the
environment. these off-gas treatment systems will continue to become more sophisticated and
costly. One of the primary reasons that the off-gas processing systems associated with prior art
thermal units are so large and expensive is because of the high volume of carry out of
contaminated particulates and combustion, sweep and/or leakage gases exhausted from the retort

20  during operation. To reduce the size and complexity of the off-gas treatment systems, indirectly
fired retort vessels are used.
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5 the vaporizing chemicals out of the retort. Therefore, even though an improvement, prior art
indirectly fired retorts still require relatively large and expensive off-gas treatment systems.

In the present invention, however, the combination of a substantial vacuum ranging from

1 to 29 + inches of mercury and an internal filter virtually eliminates carry out of particulates and
minimizes the need for sweep gases to move the vaporized substances out of the retort. The

10 substantial vacuum of the present invention provides at least the following two benefits. One; it
minimizes the suspension of fine particulates within the retort thereby minimizing the dust
loading to the internal filter and two; it establishes a pressure gradient to assist in the diffusion of
gases out of the retort. The amount of particulates and sweep gases exhausted from the retort is
thereby reduced to the lowest practical level achievable. The dramatic reduction in off-gas

I5  treatment equipment size, complexity and cost is a significant improvement over prior art
technology.

Additionally, there are many cases in which one or more of the components of the matrix
and/or the substances to be separated are thermally sensitive. That is, one or more of the
substances break down to unwanted substances and/or the structure of one or more matrix

20  components are altered in a way that adversely affects subsequent treatment or reuse. Prior

art systems employing heat and vacuunm can be used for these situations. The use of vacuum
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systens, the present invention enploys a
5 combination with high temperature and substantial vacuum because of difficulties with sealing a
hot rotating vessel under those conditions. Inadequate seals allow uncontrolied amounts of air to
flow into the retort resulting in carry out of particulates and adding to the off-gas treatment
requirements. To overcome the low processing rates of the prior art systems, the present
invention employs a heated rotating vessel operating under a significant vacuum.

10 Rotation increases the processing rate by improving heat transfer to the process material,
minimizing the path length the volatilized substances have to travel to exit the retort and
minimizing the interference caused by collisions between the volatilized substances and
particulates prior to exiting the retort. The present invention overcomes the problem of sealing a
heated rotating vessel under substantial vacuum through the use of a uniquely designed rotating

15 sleeve and externally mounted seal configuration that allows the seals to be easily cooled and
maintained below the maximum operating temperature of the seal.

Another problem associated with the prior art systems is that the common materials
available for construction of the retort limit the maximum operating temperature of an indirectly
fired unit. Therefore. substances with boiling points above these temperature limits can not be

20 rapidly volatilized within these units but must be processed using expensive intemnally heated

refractory lined units. In the present invention, however, the use of a high vacuum within a
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Another_prior art systemt hat,_gm_o.y;afﬁg.gééﬁﬁﬁl_di scl osed_in Publication
No.: WO 93/ 08936 to Recycling Nederla B. V., entitled: Method and
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a lower cost than has been possible using the prior art.
Finally. cleanup levels at contaminated sites are often dictated by the best available

5  demonstrated technology. Often, if acceptable cleanup levels can not be achieved from the
standpoint of the protection of human health and the environment with on-site treatment,
contaminated material must be excavated and hauled to a site to be treated and buried. The
reason other technologies do not achieve an acceptably low residual level of contamination in the
processed material is often because contaminants from deep within the material particulates are

10 notremoved. Over time. "clean" sites can be found to be contaminated because chemicals within
processed material have migrated to the surface of the material particulates and are once again
detected in analytical tests. The use of a high vacuum in the present invention provides the
benefits of accelerating the overall separation process and maximizing the diffusion of volatile
compounds from within the solid to the surface where they are rapidly vaporized and exhausted

15 from the retort. The diffusion is maximized by the increased pressure gradient between the
center of a particle and the surface of the particle. The contaminant within the particle vaporizes
producing a high relative pressure inside the particle compared to the very low pressure at the
surface of the particle. The present invention therefore accomplishes the goal of producing the
lowest residual contamination levels achievable by efficiently removing contaminants from deep

20  within the solid matrix.
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rotating vessel under substantial vacuumthrough the use of a uniquely

‘designed rotating 15 sleeve_ and-externally munted seal —configuration
that allows the seals to be easily cool ed and mai nt ai ned bel ow t he
‘maxi mum operating tenperature of the seal. Prior methods and

apparatus for processing materials are disclosed in U S r
Patents No. WA’,’E’G‘S?‘%OG; 5,183, 499; 5, 244,492; and 5, 300, 135’%’5‘%’3"”‘

SUMMARY OF THE INVENTION

The present invention provides an apparatus for the separation of volatile from non-
volatile substances, separation of volatile substances, one from the other. and for performing
various chemical reactions by providing an apparatus, capable of being configured for mobile

5  operation, that utilizes an application of above-ambient temperature and greater than or equal to
about one inch of mercury vacuum in a rotating vessel. This apparatus reduces particulate and
sweep gases to negligible amounts and thus, drastically reduces the need for the large and
expensive off-gas processing systems found in the prior art. The present apparatus achieves this
through the use of a vacuum greater than or equal to about one inch of mercury and a uniquely
10 designed rotatable seal and seal arrangement in combination with an internal filter that

effectively eliminates particulates from escaping the retort.

The present invention combines a vacuum of greater than or equal to about one inch of
mercury with an externally or internally heated rotating retort, which through the use of an
internal filter and seal arrangement. prevents air leakage into the retort and produces an apparatus

that virtually eliminates carry out of particulates and minimizes the introduction of unwanted

-—
th

gases into the retort and, thus, into the off-gas treatment system. In addition, the vacuum of the
present invention lowers the boiling point of many volatile compounds so that it efficiently
processes substances that would normaily be untreatable with current prior art indirectly fired
thermal desorption units.

20 Importantly. the particulate carry out is virtually eliminated by a combination of a
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vacuum greater than or equal to about one inch of mercury, low sweep gas volumes and an

internal filter with a conventional blow back system to prevent clogging. This combination also

maximizes the processing rate. The vacuum accelerates volatilization rates of compounds within

materials such as soil particles by creating a pressure gradient between the center and surface of
5  the particies. The contaminants, thus, diffuse faster out of the interior of the contaminated

substances.
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BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention and the advantages
thereof, reference is now made to the following description taken in conjunction with the
accompanying drawings in which:

5 Figure 1 is a schematic diagram illustrating one preferred embodiment of the

apparatus of the present invention;

Figure 2 is a longitudinal cross-section of one embodiment of the seal assembly of
the apparatus of the present invention; and

Figure 3 is a longitudinal cross-section of one of the preferred embodiment of the

10 retort of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

Turning now to Figure 1, therein is disclosed the overall apparatus 10 of the present
invention. The material 20 to be treated may use any suitable feed mechanism for its
introduction into the retort 40. If necessary, the material 20 may be prepared using any number
of conventional methods, such as crushing, sizing, screening, the addition of chemicals and/or
other additives or shredding such that the material 20 is prepared and reduced to a size suitable of
being fed through the first sleeve 30 of the apparatus 10 and being processed. As the material 20
is fed through the first sleeve 30, it feeds into the rotary vacuum thermal treatment vessel (retort)
40. The material 20 may be introduced into the retort 40 through the sleeve 30 by any suitable
mechanism including an auger. pump or any other conveyance method. For example, to load
larger materials 20, such as a metal pipe, the normal feed device can be replaced with a load port
that allows the placement of'larger pieces of material 20 into the retort. The material 20 can also
be stacked in the retort 40.

Note that an insulated firebox 50 surrounds the retort 40. The firebox 50 may be
constructed of any suitable material capable of supporting the insulation. In one embodiment,
there is blanket insulating material 60 between the firebox 50 and the wall of the retort 40. The
retort 40 may be constructed of any material capable of withstanding high temperature and
vacuum. Preferably the retort 40 is constructed of materials that can withstand temperatures of
1100 degrees Celsius and vacuums of 29 + inches of mercury. The retort 40 preferably has an

internal filter 70 that is used in connection with the retort 40 to prevent particulates from entering

10
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the off-gas treatment system. The filter 70 (in at least one embodiment) is in the form of one or
more sintered metal cylinders fitted with a conventional blow back system (not shown) Jocated
inside the retort 40. The apparatus 10 can also be used, depending on the material to be
processed and the operating parameters of the retort 40, without the internal filter 70.

In operation, the volatilized materials pass through a conduit 80 and exit the retort 40
through sleeve 90. Sleeve 90 has a seal 100 between the stationary off gas tube and the rotating
conduit 80 that enables vacuum to be maintained. Once exited from the retort 40, the volatilized
material is directed to any of a number of suitable off-gas treatment systems 110 for further
processing or discharge to the atmosphere. A vacuum pump 120 is used to maintain a suitable
vacuum within the retort 40 while in use. Off-gas processing can be performed at ambient
pressure or vacuum, depending on vacuum pump placement.

In operation, heat from a heat source 130 is applied to the retort 40 indirectly through the
use of the firebox 50 and insulation material 60. The heat source 130 can be any conventional-
type heat source and can use any conventional fuel that will produce the proper
temperatures and necessary transfer of heat into the retort 40. For example. the heat source 130
may be from burning fossil fuels. resistance heaters, infrared heaters and microwave heaters or
any of a number of conventional means. Alternately, resistance, infrared or microwave heaters
may be mounted inside the retort 40 with the retort unlined or lined on the inside with refractory
material or insulated on the outside with material capable of withstanding high temperature.
Preferably, at all times during the operation of the apparatus 10, the vacuum pump 120 is utilized

to establish and maintain a vacuum within the retort 40 of from 1 to 29 + inches of mercury.

11

i



PAGE LEFT | NTENTI ONALLY BLANK WO 97/ 14517
PCT/ US96/ 16504 ~SUWMMARY OF THE | NVENTI ON The present
i nvention provides an apparatus for the separation of volatile from non-

WO 97/14517 PCTAUSY6/16504

After treatment in the apparatus 10, the volatilized and gaseous materials can go through
many types of off-gas treatment systems 110 including conventional separators, gas/gas phase
reactors, condensers. scrubbers, absorption/adsorption beds, catalytic reactors and direct release
to the atmosphere.

5 Turning now to Figure 2, therein is further described one preferred embodiment of the
sleeve 90 utilized in connection with the present invention. Note that the vaporized and gaseous
materials pass through the conduit 80 as it exits out of the retort 40 to the off-gas treatment
system 110. The vaporized and gaseous materials flow through the filter 70. The conduit 80
also attaches to a rotating vacuum seal 100 and external non-rotating pipe coupling 140.

10 Also shown in Figure 2 is a purge or process gas flow control device 150. The use
of the purge gas 160. which may be air, performs two functions: first, it helps to maintain the
temperature of the outer sleeve 90 near that of ambient air. Second, it helps to prevent the entry
of process off-gases, which in tum prevents contaminant condensate from building up inside the
sleeve 90. In addition. the very slight pressure gradient caused by the purge gas helps to prevent
15 particulates from entering the sleeve 90.

Importantly, the design of the seal also reduces the amount of purge gas required to
assist the movement of volatilized and gaseous substances out of the retort 40. In addition, the
high vacuum increases the rate of diffusion of the gases and vapors from an area of higher
concentration within the retort 40 to an area of lower concentration in the off-gas treatment

20 system 110.
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one inch Ofpresent mvention to keep the seal 100 retort 40 interface cool. commercially available elastomer

5  seals can be utilized. One of the disadvantages of the prior art is that most conventional seals can
only withstand temperatures up to approximately 300 to 400 degrees Fahrenheit, which is far less
than the 1600 to 1900 degrees Fahrenheit temperatures generated within the retort 40. While
high temperature seals are currently being developed, they are far more expensive than those
used in the present invention.

10 In addition, note that there are thermal plugs 170 that also assist in maintaining the
temperature differential between the retort 40 and sleeve 90 and between the sleeve 140 and the
off-gas treatment system 110,

Now turning to Figure 3, in one embodiment of the apparatus 10, the retort 40 is a
cylindrical vessel that has internal flights, or spirals, and lifters 180. Support rollers 190 are

15  also used in connection with the retort 40 so that it is easily rotatable within the firebox 50.

Once a vacuum has been established by the vacuum pump 120, the retort 40 is set into
rotation by a suitable drive motor and gearing system (not shown). The placement of the
flights and lifters 180 along the interior wall of the retort 40 acts to enhance the heat transfer
from the retort 40 to the material 20 to be processed. The rotation of the retort 40 and

20  the use of the flights and lifters 180 also enhances the surface area of the material 20 exposed to

the vacuum by inducing a cascading and/or rolling of the material thereby minimizing the path
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mercury with an externally or internally heated rotating retort, which
through the use of anm———= internal filter and seal arrangenment. prevents
air leakage into the retort and produces an apparatus 15 that virtually
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The use of the flights and lifters 180 also allows filling of the retort 40 to a greater bed
5  depth than traditional retorts, thereby increasing throughput. The fast removal of the volatilized
substances from the retort 40 minimizes the degree of thermal decomposition occurring within
the retort 40, resulting in a more defined off-gas stream and simpler design of the off-gas
treatment system 110.
Chains. steet balls or other devices can be used inside the retort 40 to further reduce

10 particle size during processing. The interior of the retort 40 preferably contains a sintered metal
filter 70 capable of continuous service under the conditions created within the retort 40. All
gases exiting the retort 40 pass through the filter 70 which acts to prevent particulates from
entering the off-gas treatment system 110. Typically, the filter 70 is mounted coaxially or offset
in the upper third of the retort 40 and may or may not rotate within the retort.

15 Note that the apparatus 10 may be placed on trailers or railcars or unloaded and
assembled at any site where material is to be processed. Although the process as described in
this patent is a batch process, it can also be used in a continuous feed mode. In addition,
chemical reactions can be performed by using the apparatus 10 to create the necessary thermal
and atmospheric conditions within the retort 40.

20 Moreover, the apparatus 10 of the present invention is particularly useful for volume

reducing radioactive materials through the use of the retort 40 for removing free water and
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substances such as organic ion exchange resins from radioactive metallic isotopes and
decomposing non-radioactive solids into one or more gases such as converting non-radioactive
calcium carbonate used in nuclear reactor wastewater treatment into calcium oxide and carbon
5 dioxide.
Although the invention has been described in detail, it is to be clearly understood that
the same is by way of illustration and example only and is not to be construed as limitations.

The spirit and scope of the invention is limited only to the terms of the appended claims.

15
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I. A chemical processing and reaction apparatus for the separation of volatile from non-
volatile substances and volatile substances. one from the other, comprising:

an outer shell:

5 a vacuum thermal treatment vessel rotatably disposed within the outer shell;

a rotatable sleeve and seal arrangement connected to at least one end of the vessel;

means for transporting material to be processed into the vessel;

an internal filter disposed within the vessel;

means for transporting volatile substances out of the vessel attached to the internal filter;

10 means for rotating the vessel;

means for cooling the rotatable sleeve and seal arrangement;

meaus for establishing and maintaining a vacuum pressure within the vessel between 1
and 29 inches of mercury, thereby lowering the boiling point of volatile substances during
operation of the apparatus; and

15 means for heating the vessel to a temperature sufficient to vaporize volatile substances.
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2. An apparatus in accordance with Claim 1 further comprising:

a plurality of thermal plugs connected to both ends of the vessel for assisting in the
prevention of condensate buildup and for assisting in maintaining the temperature differential
between the vessel and the rotatable sleeve and seal arrangement.

3. The apparatus in accordance with Claim 1 wherein the means for transporting material
to be processed into the vessel is a conventional auger.

4. The apparatus in accordance with Claim 1 wherein the internal filter is a
sintered metal filter.

5. The apparatus in accordance with Claim 1 further comprising 2 plurality of lifts within
the interior of the vessel for enhancing the heat transfer from the vessel walls to the material to
be processed and for enhancing the surface area of the material to be processed exposed to the
vacuum by inducing cascading and rolling of the substance.

6. The apparatus in accordance with Claim 1 wherein the means for transporting volatile
substances further comprise a conduit attached to the rotatable sleeve and seal arrangement and
an external pipe coupling.

7. The apparatus in accordance with Claim 1 further comprising an off-gas treatment
system operably connected to the means for transporting volatile substances out of the vessel.

8. The apparatus as recited in Claim 1 wherein the means for heating the vessel produces
heat up to 1100 degrees Celsius.

9. The apparatus as recited in Claim 1 further comprising an insulation blanket disposed

between the outer shell and the vessel.
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10. The apparatus as recited in Claim 1 wherein the means for cooling includes a purge
gas flow control device connected to the rotatable sleeve and seal arrangement for allowing
purge gas to flow into the vessel. for maintaining the temperature of the rotatable sleeve and seal
arrangement near that of ambient air and for preventing the entry of process off-gases which
prevents contaminant condensate from accumulating within the rotatable sleeve and seal
arrangement.

11. An apparatus for processing materials to separate volatile substances from non-
volatile substances and to separate volatile substances from one another, comprising:

an outer sheti;

a vacuum thermal treatment vessel rotatable disposed within the outer shell, the vessel
rotatable about an axis of rotation:

a first sleeve for receiving the materials to be processed, the first sleeve is rotatable about
the axis and extends outwardly from the vessel through the outer shell:

a second sleeve rotatable about the axis and extending outwardly from the vessel through
the outer shell. on the end opposite the first sleeve;

a rotatable vacuumn seal attached to the second sleeve on the end extending outwardly
from the vessel:

means for rotating the vessel within the outer shell about the axis:

an exhaust conduit for transporting volatile substances out of the vessel, the exhaust

conduit outwardly extending from within the vessel through the second sleeve along the axis;

18
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such as crud¥RWg45¥ zi ng, screeni n of PCTUROMIGSO4 S

and/ or other additives or shredding such that the material 20 is prepared
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30 of the apparatus 10 an bei ng processed. As the materl al 20 is

fed throughdsfife (vﬁtfxﬁntthéJ/e@.?eYﬁctalgerS 5r61f2@$ﬁ§eme§ @Frﬂcﬁ%}? té%&%%wgnn% th? izlﬁge q

thermal treatnent vessel retort mat er |

into the kglnt£F$0?£nﬁeéJ%stsnc%9u9h the sl eeve 30 by any sui tabl e mechani sm
I ncludi ng er, punp or -any

means for heating the vessel to a temperature sufficient to vaporize the volatile
5  substances in the materials; and

means for cooling the second sleeve and the rotatable vacuum seal.

12, The apparatus as recited in Claim 11 further including a filter disposed within the
vessel and attached to the exhaust conduit.

13. The apparatus as recited in Claim 11 further including at least one lifter securably

10 attached within the vessel for enhancing heat transfer from the vessel to the materials and for
agitating the materials to enhance processing.

14.  The apparatus as recited in Claim 11 wherein the means for cooling includes a
purge gas flow control device connected to the second sleeve between the vessel and the
rotatable vacuum seal for allowing the flow of purge gas through the second sleeve into the

1S vessel, thereby minimizing the heat expansion of the second sleeve so that the rotatable vacuum
seal maintains an adequate seal.

15. The apparatus as recited in Claim 11 further including support rollers disposed
between the vessel and the outer shell.

16. The apparatus as recited in Claim 11 further including a rotatable vacuum seal

20 attached to the first sleeve on the end extending outwardly from the vessel.
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ot her c For exanpliesHter hagadekRrger materials 20, such as
‘a net aI ﬂmin ﬂml lnormal feed cRBRLaEEDan be replaced with a | oad port
A .

that allews eenent of | ar of material 20 into the
retort. The material 20 can al soj%ugmﬁagﬂﬂﬂ&t he retort 40.
Not e that aggdiayated firebox 50% retort 40.pcthRedrdessPox S0

may be 15 constructed of any suitable material capable of supporting the
i nsul ation. I n one_enbodi nment. there is bl anket i nsul ating materi al

60 between the Fi rEiseRPaseussiresited inGlamm 44 fyrther inghuding an oft-gas treatment gystemm o ¢
40 may be constructed of any material capable of withstanding high
t enper at ur eperably conapcted/tadhrexhadt edrduitbl y the retort 40 is constructed of
materials that can w thstand tenperatures of 1100 degrees Cel sius and
vacuuns of 98, 218 TFhelRppdrafis as reciteliés Cixim e mbiairein) the maéhs forlHeatingthe vésset O
preferably has an internal filter 70 that is used in connection with the
retort 40 producek Bed?uf YENOORRErebs TdIAtLS from enteri ng
5 19. The apparatus as recited in Claim 11 further including thermat packing disposed
within the second sleeve between the vessel and the rotatable vacuum seal for providing a
thermal seal between the vessel and the rotatable vacuum seal.
20. An apparatus for processing materials to separate volatile substances from non-
volatile substances and to separate volatile substances from one another, comprising:
10 an outer shell:
a vacuum thermal treatment vessel rotatably disposed within the outer shell, the vessel
rotatable about an axis of rotation;
a first sleeve for receiving the materials to be processed, the first sleeve is rotatable about
the axis and extends outwardly from the vessel through the outer shell;
15 a second sleeve rotatable about the axis and extending outwardly from the vessel through
the outer shell. on the end opposite the first sleeve;
a rotatable vacuum seal attached to the second sleeve on the end extending outwardly
from the vessel;
means for rotating the vessel within the outer shell about the axis:;

20 an exhaust conduit for transporting volatile substances out of the vessel, the exhaust

conduit outwardly extending from within the vessel through the second sleeve along the axis;

20
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a vacuum pump operably associated with the exhaust conduit for producing a vacuum
pressure within the vessel between 1 and 29 inches of mercury, thereby lowering the boiling
point of volatile substances;

means for heating the vessel to a temperature between about 500 and 110 degrees

5  Celsius; and

means for cooling the second sleeve and the rotatable vacuum seal.

21
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the off-gas treatnent system The filter 70 (in aBE?%aC;EMENT SHEE

Fpodli nent) is
“in the formof one or nore sintered-netgl {cylinders fit{eg,mth a
ctonventional bl ow back system (not shown) ' - | ot3tNQV.iW¥L.de {he.retort
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40. The apparatus 10 can al so be used, depending.gn the nateri al

be processed and the ogerati ng gararreters of thg retort 40, withoyt the
I nt ernal I n operation,_the volatilized-fdnterials

pass t hrough a\écondutlljlt 80 and exit thg%r tort rough sl eeve 90.
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5 One such prior art system is disclosed in Publication No.: WO 95/06505 to FRS Patented
Technologies LTD, entitled: Material Cleansing Device. This prior art system uses a heated
non-rotating vessel operated under high vacuums of 101,592 Pa (30 inches of Hg).The high
vacuum in the non-rotating system serves to shorten process times. Although the technology
is well known, there are several drawbacks and limitations which are overcome with the
10 current invention.

First, there are many cases in which one or more of the components of the matrix
and/or the substances to be separated are thermally sensitive. That is, one 6r more of the
substances break down to unwanted substances and/or the structure of one or more matrix
components are altered in a way that adversely affects subsequent treatment or reuse. While

15 this prior art systems employing heat and vacuum can be used for these situations, the use of
vacuum lowers the boiling point of substances and, depending upon the substances involved,
may allow the separation of chemicals at below critical temperatures. However, this prior art
does not rotate and is therefore a small batch system requiring long process times.

Prior art systems do not use rotation in combination with high temperature and

20  substantial vacuum because of difficulties with sealing a hot rotating vessel under those
conditions. Inadequate seals allow uncontrolled amounts of air to flow into the retort resulting
in carry out of particulates and adding to the off-gas treatment requirements. To overcome
the low processing rates of this and other prior art systems, the present invention employs a
heated rotating vessel operating under a significant vacuum.

25 Another prior art system that employs rotation is disclosed in Publication No.: WO
93/08936 to Recycling Nederland B. V., entitled: Method and Device for Removing one or
more Contaminations from a Bulk Material. This prior art systems use heated rotating

vessels operated under a vacuum of less than 230 Pa. (3 millibars). The prior art system
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10 mai ntain a suitable vacuumw thin the retort 40W| fi gas
"processi ng can be perfornmed at anbient pressure \?W ndi ng
on vacuum punp pl acenent. I n operation a& ‘heht
source 130 is applied to the retort 40 indirectly throu the-disk of
the firebox 50 and insulation material 60. The heat s¢ urce 130 can be any
convent i odlétloﬁef@etrm@mfrbmb@ inmwhicharvageem ahfprmed be atvesrm-pipedhrotgineawi |

produce the proper t enperatures and necessary tranpsfer of heat into

bur i gt tnéfﬂe I%Yape&giaf’.ngfiaﬁ? ﬁ%???%ff el o e
ihﬁ?'; :; Zdo a’éﬁ’f?pb(f éFdnm‘é‘?lPa\flﬁ’ g’g‘i]i\/’é?\%hi 8‘?§§ %A{}P@%@T angreé'zt o? ?nzg
with the PEVBFR SRMBSLEFRET ffﬁga%éﬁfﬁsaﬁggym%almgﬁ%gaﬁ U5 1olidt or y
W t hot and bRl RpERa, U ARGt} o B ey, Ror SRR f B 500°F, seals

oper ati onyQfie b5 ARRGNE! dSisbestos are used.

Rotation increases the processing rate by improving heat transfer to the process

material, minimizing the path length the volatilized substances have to travel to exit the retort
and minimizing the interference caused by collisions between the volatilized substances and
10 particulates prior to exiting the retort. However, when operating at higher temperatures to
produce cleaner substances this prior art system requires the use of expensive seals that can
withstand the high internal temperatures, thus, making the system even more costly. Further,
these seals may leak. The present invention overcomes the problem of sealing a heated
rotating vessel under substantial vacuum through the use of a uniquely designed rotating
15  sleeve and externally mounted seal configuration t_hat allows the seals to be easily cooled and
maintained below the maximum operating temperature of the seal.
Prior methods and apparatus for processing materials are disclosed in U.S. Letters

Patents No. 4,268,306; 5,183,499; 5,244,492; and 5,300,137.
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10, the vacuum punp 120 is utilized to establish and maintain a vacuum

wthin the retort 40 of from3,386 to 98,205 + Pa (1 to :29 +.i nches
of nercury). WO 97/ 14517 : R
PCT/ US96/ 16504 After treatnment in the appar at us 10 the

vol atilized and gaseous mat egi)gl EI can go t hrough many types of

of f-gas treatnent systems 110P4F&8 L WM%&MBEMM ors, gas/gas
phase reactors, condensers. scrubbers, absorptlon/adsorptlon beds,
catal ytic reactors and direct rel ease to the atnosphere.
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5 Turning now to Figure 2. therein is further described -one-
preferred enbodi nent of the sl eeve 90 utilized in connection: math t he
‘present invention. Note that the vaporized and gaseous -~ maten’als pass
t hrough the conduit 80 as it exits out of the retort 40 to the off-gas

t reat ment system 110. The v gorlzed and gaseous naterials flow
through the filter 70. The cBASKE %’f)INTENTl@NgéLXtB&é&M% to a rotating
vacuum seal 100 and external non-rotating pipe coupling 140. 10

Al so shown in Figure 2 is a purge or process gas flow control device 150.

The use of the purge gas 160. which nay~bew§&§5é§§f+ﬁfﬁ%~tmo
functions: first, it helps to naintain the REPL t SHEETof| t he outer

sl eeve 90 near that of ambient air. Second, ift [helps to prevényg the entry
of process off-gases, which in turn prevents contq ?Ebwgpncersate from
bui l di ng up inside the sl eeve 90. In addift gl i ght

pressure gradi ent caused by the purge gas heljps—t+e—prevent
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15 particulates fromentering the sleeve 90. - I'nportantly, the
‘design of the seal also reduces the anount of purge gas requifed t:0 -’
-assist the novenent of volatilized and gaseous substances:out- of .i*he retort

40. In addition, the hi gh vacuum i ncreases the rate of diffusion of
t he gases and vapors from an area of higher concentration within the
retort 40 to an area of | owPAGHDEFTINIENIAONALILE BifANKas treat nent 20
system 110. 12
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The use of the seal 100 allows the rotating retort 40 t@EBEAWe $HEETea1I ed
‘at hi gh tenperatures, even though the retort 44 di mensions _gre’
-changi ng due to expansi on. | mportantly, due-.to e:-43 NDVY'&QW. h
purge gas and rotating tube within a tube systemof th pr esent
I nvention to keep the seal 100 retort 40 interface cool ,~commercrally GJ
avai | abl ®ETALE B 0 ) T NMENITON zed. One of the disadvanta

of the prior art is that nost conventional seals can only wi t hst and
t enper at ur es (jprming PV ﬁ@ﬁtgm bithergings disclogd thlegveé@lk apparatus 100af th¢ pEes¢m00 t o
400 degrees Fahrenheit), h is far | ess than 71 to, 10 degr ees

Cel si us (mM5BBOR- omemeteaélg?roete eﬁgﬁteémlttsy atséﬁeet’ G‘F BeHERE, ééfsvmgthl n the

tort 4
Gevel opetroCHEYPTPt Rl LARBREry o e mAEHal g0 gy B prépared usig i

s number of conventional methods, such as crushing, sizing, screening, the addition of

e D)

chemicale and/or other additives or shredding such that the material 20 is prepared and
reduced to a size suitable of being fed through the first sleeve 30 of the apparatus 10 and
being processed. As the material 20 is fed through the first sleeve 30, it feeds into the rotary
vacuum thermal treatment vessel (retort) 40. The material 20 may be introduced into the

10  retort 40 through the sleeve 30 by any suitable mechanism including an auger, pump or any
other conveyance method. For example, to load larger materials 20, such as a metal pipe, the
normal feed device can be replaced with a load port that allows the placement of larger pieces
of material 20 into the retort. The material 20 can also be stacked in the retort 40.

Note that an insulated firebox 50 surrounds the retort 40. The firebox 50 may be

15 constructed of any suitable material capable of supporting the insulation. In one embodiment,
there is blanket insulating material 60 between the firebox 50 and the wall of the retort 40.
The retort 40 may be constructed of any material capable of withstanding high temperature
and vacuum. Preferably the retort 40 is constructed of materials that can withstand
temperatures of 1100 degrees Celsius and vacuums of 98,205 + Pa (29 + inches of mercury).

20  The retort 40 preferably has an internal filter 70 that is used in connection with the retort 40

to prevent particulates from entering
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10 wused in the present invention. | n jaq@drTTon, nNat e, 3ha
‘there are thermal plugs 170 that al so assi st in.maintfaijn
‘tenperature differential between the retort:40 and slledv ﬁgd&@mi\
t he pi pe coupling 140 and the off-gas treatnerft system-iio-
Now turning to Figure 3, in one enbodi nrent of the apdaratus 10 the reort
40 is a tHeoffgyd ireaﬂmemedystemss]éie filten 70 fia st leastona ambbiidmp) ST of
lifters 180. Support rollers 190 are al so used in connection W|th
t he ret opttma® sinsered metal cylindessitted withy  gorusntiondl blawnbadkesystemdbosshgpn)

Once a vacuum has been established by the vacuum@ffurrp 120, the retort 40 is

set i nt olocated insidedhefeterh4 Q)yT}éF Wa&ﬁl ]@ @nialse begs thg majasiabip (not
shown). The p of the tsadllfte5180 t he
e er or beBPP St fhe SpestinEpsrameterSal PfitboEhe l‘it?laﬁ’:ltl‘l 7 0.

5 In operation, the volatilized materials pass th:ough a conduit 80 and exit the retort 40

through sleeve 90. Sleeve 90 has a seal 100 between the stationary off gas tube and the
rotating conduit 80 that enables vacuum to be maintained. Once exited from the retort 40, the
volatilized material is directed to any of a number of suitable off-gas treatment systems 110
for further processing or discharge to the atmosphere. A vacuum pump 120 is used to

{0  maintain a suitable vacuum within the retort 40 while in use. Off-gas processing can be
performed at ambient pressure or vacuum, depending on vacuum pump placement.

In operation, heat from a heat source 130 is applied to the retort 40 indirectly through
the use of the firebox 50 and insulation material 60. The heat source 130 can be any
conventional-type heat source and can use any conventional fuel that will produce the proper

15  temperatures and necessary transfer of heat into the retort 40.. For example, the heat source
130 may be from burning fossil fuels, resistance heaters, infrared heaters and microwave
heaters or any of a number of conventional means. Alternately, resistance, infrared or
microwé.ve heaters may be mounted inside the retort 40 with the retort unlined or lined on the
inside with refractory material or insulated on the outside with material capable of

20  withstanding high temperature. Preferably, at all times during the operation of the apparatus
10, the vacuum pump 120 is utilized to establish and maintain a vacuum within the retort 40

of from 3,386 to 98,205 + Pa (1 to 29 + inches of mercury).
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20 fromthe retort 40 to the material 20 to be processe¢d{ The rotatlon o]
the retort 40 and the use of the flights and lifter$: 1133)1@ 93
enhances the surface area of the material 20 exposed ~to _the uum
i nducing a cascading and/or rolling of the material the EU_y P24 rm h
pat h 13

e
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The use of the seal 100 allows the rotating retort 40 to be properly sealed at high
temperatures, even though the retort 40 dimensions are char;ging due to expansion.
Importantly, due to the ability of the purge gas and rotating tube within a tube system of the
present invention to keep the seal 100 retort 40 interface cool, commercially available

5 elastomer seals can be utilized. One of the disadvantages of the prior art is that most
conventional seals can only withstand temperatures up to approximately 149 to 204 degrees
Celstus (300 to 400 degrees Fahrenheit), which is far less than the 871 to 1038 degrees
Celstus (1600 to 1900 degrees Fahrenheit) temperatures generated within the retort 40. While
high temperature seals are currently being developed, they are far more expensive than those

10 used in the present invention.

In addition, note that there are thermal plugs 170 that also assist in maintaining the
temperature differential between the retort 40 and sleeve 90 and between the pipe coupling
140 and the off-gas treatment system 110.

Now turning to Figure 3, in one embodiment of the apparatus 10, the retort 40 is a

15 cylindrical vessel that has internal flights, or spirals, and lifters 180. Support rollers 190 are
also used in connection with the retort 40 so that it is easily rotatable within the firebox 50.
Once a vacuum has been established by the vacuum pump 120, the retort 40 is set into
rotation by a suitable drive motor and gearing system (not shown). The placement of the
flights and lifters 180 along the interior wall of the retort 40 acts to enhance the heat transfer

20  from the retort 40 to the material 20 to be processed. The rotation of the retort 40 and
the use of the flights and lifters 180 also enhances the surface area of the material 20 exposed
to the vacuum by inducing a cascading and/or rolling of the material thereby minimizing the

path
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'PCT/ US96/ 16504 length required for thejvapors ya asep -} 0 exi 'ts:t he
retort 40 and al so mnim zing the i nteff g . * s
i nteractions between vapor nol ecul es and parti | tihe

nmovenent of the vapor out of the rqtbrt .
f1ights awatersiof hpdretidig Geparatingaioneradioddtive ivalgtitef s
"bed 5 depth than traditional -retorts, thereby.increasing throughput.
The fast volatids substapcespuck ag erganic joamgexchange resins from radioactive metallic isotopes and

decomposing non-radioactive solids into one or more gases such as converting non-

radioactive calcium carbonate used in nuclear reactor wastewater treatment into calcium

5 oxide and carbon dioxide.

Although the invention has been described in detail, it is to be clearly understood that

the same is by way of illustration and example only and is not to be construed as limitations.

15



——

ﬂmmmnrm lﬂJIJHIIT P A N AR di ?ﬁgﬁjg . tg;;gg' 228"5}“’35522"“.

‘strean‘i arfd $i mpl ef design| of the off- gas m 116.:
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further reduce 10 paftjcle size durijng proc?%ﬁwmim ﬂl“me“ or of the
retort ACIpABMSBrably copt al ns a sintered jret al 0 capabl e of

cont i nUOUS servi ce unde e conditions—cheated within the retort 40. All
gases exilting Aﬁ’@emlé%lcnr?ceéﬁn@a%%re@ﬁmmgnmam(N)lfoeﬂxezepmnomfazotasﬂetﬁpm
prevent particul S..fr ent e t he of f-gas treatnent. system 110.
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Al t hough the process as SC
5 chemical processing and reaction apparatus comprising:

an outer shell (50) in which the vessel (40) is roatably disposed;

a rotatable sieeve (90) and seal (100) arrangement connected to at least one end of the
vessel (40);

an internal filter (70) disposed within the vessel (40);

10 means for transporting volatile substances out of the vessel (80) attached to the

internal filter {70);
means for rotating (190) the vessel (40);
means for cooling (150, 160, 170) the rotatable sleeve (90) and seal (100)
arrangement;

15 means for establishing and maintaining a vacuum pressure (120) within the vessel
(40) between 3,386 to 98,205 + Pa (1 to 29 + inches of mercury), thereby
lowering the boiling point of volatile substances during operation of the
apparatus (10); aﬁd

means for heating (130) the vessel (40) to a temperature sufficient to vaporize volatile

20 substances.
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plugs (170) connected to both ends of the vessel (40) for assisting in the preventlc}n4 of
condensate buildup and for assisting in maintaining the temperature differential
between the vessel (40) and the rotatable sleeve (90) and seal (100) arrangement.

The apparatus (10) in accordance with claim 1 further comprising a plurality of _liﬁ‘.sf___
(180) within the interior of the vessel (40) for enhancing the heat transfer from tﬁe
vessel (40) walls to the material to be processed (20) and for enhancing the surface
area of the material to be processed (20) exposed to the vacuum by inducing
cascading and rolling of the substance.

The apparatus (10} in accordance with claim 1 wherein the means for transporting
volatile substances further comprise a conduit (80) attached to the rotatable sleeve
(90) and seal (100} arrangement and an external pipe coupling (140).

The apparatus (10} in accordance with claim 1 further comprising an off-gas treatment
system (110) operably connected to the means for transporting volatile substances out
of the vessel (80).

The apparatus (10) as recited in claim 1 wherein the means for heating (130) the
vessel (40) produces heat up to 1100 degrees Celsius.

The apparatus (10} as recited in claim 1 further comprising an insulation blanket (60)
disposed between the outer shell (50) and the vessel (40).

The apparatus (10) as recited in claim 1 wherein the means for cooling includes a
purge gas flow control device (150) connected to the rotatable sleeve (90) and seal
(100) arrangement for allowing purge gas (160) to flow into the vessel (40), for
maintaining the temperature of the rotatable sleeve (90) and seal (100) arrangement
near that of ambient air and for preventing the entry of process off-gases which
prevenfs contaminant condensate from accumulating within the rotatable sleeve (90)
and seal (100) arrangement.

An apparatus (10) for processing materials to separate volatile substances from non-

volatile substances and to separate volatile substances from one another, that includes
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the terms of the B ended. cl ai ns.

vessela( 51) comprising:

an outer shell (50) in which the vessel 40 is rotatable disposed and through which the
| first sleeve (30) extends;
a second sleeve (90) rotatable about the axis and extending outwardly from the vessel
10 (40) through the outer shell (50), on the end opposite the first sleeve (30), the
rotatable vacuum seal (100) being attached to the second sleeve (90) on the
end extend_ing outwardly from the vessel (40);
means for rotating (190) the vessel (40) within the outer shell (50) about the axis;
an exhaust conduit (80) for transporting volatile substances out of the vessel (40), the
15 exhaust conduit (80) outwardly extending from within the vessel (40) through
the second sleeve (90) along the axis;
a vacuum pump (120) operably associated with the exhaust conduit (80) for producing
a vacuum pressure within the vessel (40) between 3,386 Pa to 98,205 + Pa (1
and 29 inches of mercury), thereby lowering the boiling point of volatile
20 substances;
means for heating (130) the vessel (40) to a temperature sufficient to vaporize the
volatile substances in the materials; and
means for cooling (150, 160, 170) the second sleeve (90) and the rotatable vacuum
seal (100).
10.  The apparatus (10) as recited in claim 9 further including a filter (70) disposed within
the vessel (40) and attached to the exhaust conduit (80).
11.  The apparatus (10) as recited in claim 9 further including at least one lifter (180)
securably attached within the vessel (40) for enhancing heat transfer from the vessel

(40) to the materials (20) and for agitating the materials (20) to enhance processing.
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12.  The apparatus erein the means for cooling includes a

| bein

purge gas flow control device (150) connected to the second sleeve (90) between the
vessel (40) and the rotatable vacuum seal (100) for allowing the flow of purge gas
(160) through the second sleeve (90} into the vessel (40), thereby minimizing the heat
5 expansion of the second sleeve (90) so that the rotatable vacuum seal (100) maintains
an'adequate seal.
13. The apparatus (10) as recited in claim 9 further including support rollers (190)
disposed between the vessel (40) and the outer shell (50).

14.  The apparatus (10) as recited in claim 9 further including a rotatable vacuum seal
attached to the first sleeve (30) on the end extending outwardly from the vessel (40).

1S.  The apparatus (10) as recited in claim 9 further including an off-gas treatment
system (110) operably connected to the exhaust conduit (80).

16.  The apparatus (10) as recited in claim 9 wherein the means for heating (130) the
vessel (40) produces heat up to 1100 degrees Celsius.

17.  The apparatus (10) as recited in claim 9 further including thermal packing (60, 170)
disposed within the second sleeve (90) between the vessel (40) and the rotatable
vacuum seal (100) for providing a thermal seal between the vessel (40) and the
rotatable vacuum seal (100).
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an of f~gas tr eat irefit Desesiption apegetied. foopagedel,ve] vpl at i qj%ba i
the retort; /B’C}Lalm(s)a spaRde. Iemtgagé n{{ fro the reto ﬁ@lﬁ)ﬁgnectqcﬁg

the retort to th Gy Opszell” %o BaPedSY St EJ Description : paged A, I%ﬁagé& ,,,,,,,,,
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rotational a vacuum devi ce in communi cation wi t h the
retort adapted to generate a vacuum between 3,386 to 98,205 + Pa (1

to 29 + inches of nmercury) within the retort; and

1. A chemical processing and reaction apparatus for the separation of

volatilized gases from a material containing one or more volatizable

substances, the chemical processing and reaction apparatus comprising :

a retort adapted to rotate about a central axis, the material being

disposed within the retort;

an off-gas treatment system adapted to receive volatilized gases from

the retort;

a sleeve extending from the retort and connecting the retort to the

off-gas treatment system;

a rotary seal disposed within or around the sleeve capable of
maintaining vacuum within the retort when the material is heated to a
temperature greater than 204.4°C (400°F);

a rotating device in communication with the retort adapted to drive

the retort in a rotational motion;

a vacuum device in communication with the retort adapted to
generate a vacuum between 3,386 to 98,205 + Pa {1 to 29+ inches of

mercury) within the retort; and

a heating device in communication with the retort adapted to heat the
material in the retort to a temperature sufficient to volatilize the one or more

volatizable substances into the volatilized gases.

2. The chemical processing and reaction apparatus in accordance with claim 1

further comprising at least one thermal plug disposed in the end of the

mwwww A | e




a heating device in communication with the retort adapted to heat the
material in the retort to a tenperature sufficient -to-volatildze: the one or

nor e vol ati zabl e substantes into the voI ases.
cheni cal processing and reaction apparatus in !@ﬁ":’&"\[ﬂm LHLal m 1
further conprising at |east one thermal plug di of the

sl eeve. 2

3. The chemical processing and reaction apparatus in accordance with claim 1

further comprising cooling device for cooling the rotary seal.

4, The chemical processing and reaction apparatus in accordance with claim 3
wherein the cooling device comprises a purge gas flow control device
connected to the sleeve and communication therewith for allowing purge gas

to flow into the sleeve.

5. The chemical processing and reaction apparatus in accordance with claim 3
wherein the cooling device establishes a gas flow that cools the sleeve and
assists to prevent substance condensate from accumulating within the

sleeve.

6. The chemical processing and reaction apparatus in accordance with claim 1
further comprising at least one lift within the retort for enhancing the heat
transfer to the material and enhancing the surface area of the material

exposed to the vacuum by inducing cascading and/or rolling of the material.
7. A chemical processing and reaction apparatus for the separation of
volatilized gases from a material containing one or more volatizable

substances, the chemical processing and reaction apparatus comprising;

vessel means rotatable about a central axis for holding the material;

off-gas treatment system for receiving the volatilized gases from the

vessel means;

a means for connecting the vessel means to the off-gas treatment

system;
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3. The chem cal processing and reaction apparatus in accordance with

claim1l further conprising cooling device for cooling the rotary

seal . 4. The chem cal processing and reacti cordance
with claim3 wherein the cooling device QMqumﬂ,"nm(gas fl ow
control device connected to the sleeve and conmuni ga herew t h
for allow ng purge gas to flowimto the sleeve. 5. The chem cal
processing and reaction apparatus in accordance with claim3 wherein
t he cooling device establishes a gas flow that cools the sl eeve and

assists to prevent saiciaphgesal it asatound thsreernegtion meang capable af t he
sleeve. 6. mﬁ\tﬁuﬁﬁ@\ﬁa%hurw\ﬂﬁﬁﬁ%h@%tﬂ{}%ﬁéﬁ?ﬁ{é M&te ﬁgﬂérh%féﬁi toy accor dance

with claim1l risin I'east one ft w n the retort
for enhanci ng t teenirerature greaterthalaﬁgﬂelgct(éoﬂ?l’é mat eri al and enhanci ng the
surface area of the materi al exposed to the vacuum by i nducing
cascading and/or rolling of the material.

totating means for rotating the vessel means;

vacuum means for generating a vacuum within the vessel means; and

heating means for heating the material within the vessel means to a
temperature sufficient to vaporize the one or more volatizable substances to

the volatilized gases.

8. The chemical processing and reaction apparatus in accordance with claim 7
wherein the connection means is a sleeve integral with the vessel means and

extending therefrom.

. The chemical processing and reaction apparatus in accordance with claim 7

further comprising a cooling means for cooling the rotary seal.

10. The chemical processing and reaction apparatus in accordance with claim 9
‘wherein the cooling means is a purge gas the cools the sleeve and thus the

rotary seal.

11. The chemical processing and reaction apparatus in accordance with claim 10

wherein the purge gas is ambient air.

12. The chemical processing and reaction apparatus in accordance with claim 9
wherein the cooling means further comprises a purge gas which is
introduced into the vessel means to sweep the volatilized gases into the off-

gas means.
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7. A chem cal processing and reaction apparatus for the separation of
vol atilized gases froma material containing one or nmore \TOI attzabl e

subst ances, the chem cal processing and reacti ri sing;
vessel neans rotatable about a central axis f mﬂ F"@! eri al ;

of f-gas treatnent systemfor receiving the vol omthe
vessel neans; a nmeans f@ connecting the vessel nmeans to
the off-gas treatnent system

13. The chemical processing and reaction apparatus in accordance with claim 12

wherein the purge gas is an inert gas.

14. The chemical processing and reaction apparatus in accordance with claim 9

wherein the cooling means is a heat sink.

16. The chemical processing and reaction apparatus in accordance with claim 9

wherein the cooling means is in thermal communication with the rotary seal.

16. The chemical processing and reaction apparatus in accordance with claim 9
wherein the cooling means comprises a thermal plug interposed between the
rotary seal and the vessel means separating the vessel means into an inner
chamber and an outer chamber containing the rotary seal such that a
temperature gradient is created between the inner chamber and the outer

chamber.

17. A method of separating one or more volatizable substances from a material,

the method comprising the steps of:

applying heat to the material thus making an internal temperature
within a retort greater than 204.4°C (400°F);

rotating the retort; and

applying a vacuum to the retort to reduce a boiling point of the one or
more volatizable substances such that the one or more volatizable
substances vaporize thus separating the vaporized substances from the

material.

18. The method according to claim 17 wherein the retort has a rotary seal for

containing the vacuum within the retort; the internal temperature within the
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a rotary seal within or around the connection rreans capable of
mai nt ai ni ng vacuumw thin the reto

temperature greater than 204. 4[err] C (400[err] Iﬁ“l“”"l“ u”w rot ating
means for rotating the vessel neans; ans for

generating a vacuumw thin the vessel nmeans; and heat i ng
nmeans for heating the material within tlge vessel neans to a
tenperature sufficient to vaporize the one or nore vol ati zabl e subst ances

to the volatiljzed gases. . .
retort being greater than the maximum operating temperature of the rotary

seal.

19. The method according to claim 18 further comprising the step of cooling the
rotary seal such that a temperature of the rotary seal is less than the

maximum operating temperature of the rotary seal.

20. The method according to claim 17 wherein the vaporized substances exit the

retort through a sleeve.

21.  The method according to claim 20 further comprising maintaining a
temperature differential between the retort and the sleeve by at least one

thermal plug.

22. The method according to claim 19 wherein the step of cooling the rotary
seal further comprises removing heat from an outside portion of the sleeve

by exposing the outside portion of the sleeve with a cooling medium.

23. The method according to claim 19 wherein the step of cooling further
comprises providing a purge gas into the sleeve such that the purge gas is
drawn into the inner chamber past the at least one thermal plug, thus cooling
the rotary vacuum seal while reducing condensate and particulates from the

sleeve.

24, The method according to claim 17 further comprising the step of evacuating
gases from the retort by using the vacuum to create a gradient thus making
gases from an area of higher concentration within the retort move to an area

of lower concentration external to the retort.

25. The method according to claim 17 wherein the rotary seal is cooled by

means of a vacuum.
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8. .-The chemi cal processing and reaction apparatus in-aceordance wth
claim?7 wherein the connection neans is a sleeve i nte ral with the

vessel means and ext endi ng therefrom unll mllm “ ﬁal
processi ng and reaction apparatus in accordanc further
conprising a cooling neans for cooling the rot ary sea The chem cal

processi ng and reaction apparatus in acgordance with cI aim 9 wher ei n
t he cooling rreans is a purge gas the cools the sleeve and thus the

rotary seal The cheni cal processing and reaction apparatus in

accor dance2®i t hAé'ﬁ'%\tf‘ﬁﬁ’ P@sepa'at'“%"elﬁéﬁ‘trp %ﬂﬂnge ag&e aftgagrfroans material 12

The chem cal prgggssang aq,gg,,{@ﬂ.ﬁ fidihy BRPaLas Y. i n accordance with claim?9
wherein the cooling neans furt b églgbnprl se;g a purge gas which is
supplying heat to a retort and the material such that the heat
increases the temperature in excess of 204.4°C (400°F) sufficient to

vaporize the at least one substance;
rotating the retort;

applying a vacuum to the retort, the vacuum thereby decreasing the
boiling point of the at least one substance, thus volatilizing the at least one

substance into the off-gas; and

transferring the off gas out of the retort to an off-gas treatment

system.

27. The method according to claim 26 further comprising the step of evaporation
the at least one substance at a temperature less than the boiling point of the

at least one substance.
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introduced into the vessel neans to sweep the volatilized ga@gi} Lo 2he- 7
19

claim12 wherein the purge gas is an inert gas. 14

processi ng and reaction apparatus in accordance with claim

of f - gas neans
% g t h
h ;
mhereZn
the cooling ne s a heat g g
g megse wﬁ&ﬂlﬁm_lm-l;r:n PRGPERTY ORGANIZATION

13. The chenical processing and reacti on appar at us in acco?l
INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY PCT)

(51) International Patent Classification 6 : (11) International Publication Number: WO 9714517 \/
BO9C 300 Al
1706, BOLJ (43) International Publication Date: 24 April 1997 (24.04.97)
(21) International Application Number: PCT/US96/16504 } (81) Designated States: AL, AU, BA, BG, BR, CA, CN, CU, CZ,
V) EE, GE, HU, IL, IS, JP, KP, KR, LT, LV, MK, MX, NO,
(22) International Filing Date: 16 October 1996 (16.10.96) L, NZ, PL, RO,&G) 81, 3K, TR, UA, UZ, VN, ARIPO patent
v (KE, LS, MW, SD, SZ, UG), Eurasian patent (AM, AZ,
BY, KG, XZ, MD, RU, TJ, TM), European pateat (AT, BE,
(30) Priority Data: CH, DE, DK, ES, Fl, FR, GB, GR, IE, IT, LU, MC, NL,
08/544,602 18 QOctober 1995 (18.10.95) Us PT, SE), OAP! patent (BF, B, CF, CG, CI, CM, GA, GN,
\/f ML, MR, NE, SN, 1D, TG).
(M) Applicant: THERMALL CORP. [US/US]; Suite 110, 1548
Vailwood Parkway, Carrotlton, 1')’( 75006 (US). Published
st PF 28. of 1bl4ja¢ With international search report.
(71)(72) Applicants and Inventors: ULBAUGH,. Randy Before the expiration of the time limit for amending the

{US/US); 314 Woodhurst Drive, Coppell, TX 75019 (US). claims and to be republished in the event of the receips of
HAWK, Gregory, G. [US/US]; 1604 Boundbrook Lane, / amendments.
Irving, TX 75060°(US). V

(74) Agents: RICCE, Christopher, P. et al.; Sullivan & Worcester
L.L.P., One Post Office Square, Boston, MA 02109 (US).

(54) Title: CHEMICAL SEPARATION AND REACTION APPARATUS \/

120

$i¢
Flest

(57) Abstract
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15. The chemnical processing and reaction apparatus in accordance with
'rJalmQ vwherein the cooli Rg preans i S—in-t her mal it h
the T ot ary seal. 16. The chenical processi ng and reaction apparatus in
accordance with claim?9 wherein the cooling rreans conpri ses a

t hermal plug inter osed bet ween t he rotary seal gthe ve means
separati ng %R means into an inner charmber XV

chanber containi ng the rotary seal such that a t enperature gradi ent
is created between the inner chanber a 2 t he outer chanber.. 17. A
nmet hod of separating one or nore vol ati 2bl e substances froma mater|i al ,
the nmethod conprising the steps of: appl ying heat to the
mat erial thus making an internal tenperature within a retort greater
than 204. 4[err] C (400[err] F)g
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rotating the retort; and applying a vacuumto the retort to
I egtge—a—po-H-rg—poirt—of-the one—ok pore-vol ati zabl e_subst ances such

that the one or nore vol atizabl e subst ances vaporize thus separating
t he vaporized substances fromthe mat eri al . 18. The net hod
according to claim17 wherein the retort has a rotary seal for

contai ning tWOMSIUm within the retort; the internal tenpBEEUSAsH6SM hin

t he
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retort bei ng greater rrum operating terrperature of the rotary
seal . 19. The metri Eiﬁ ml Ia| m 18 Turt et élr
of cooling the that a tar

seal is less than the maxi rrum operati ng &% R)?Eor
seal . 20. The nethod according to clajgn 17 er ----
substances exit the retort throgwgha slle n’efonwed -----
accordi ng_g;oAgMgn 20 further conprising mai ntja page 'e'r’rf%P&eére

di fferent en the retort and the sl eevdq by at Ieast one
t hermal pl ug. DATE OF RECEIFI‘”‘”? .......

1. A chemical processing and reaction apparatus for the separation of
volatilized gases from a material containing one or more volatizable

substances, the chemical processing and reaction apparatus comprising :

a retort adapted to rotate about a central axis, the material being

disposed within the retort;

an off-gas treatment system adapted to receive volatilized gases from

the retort;

a sleeve extending from the retort and connecting the retort to the

off-gas treatment system;

a rotary seal disposed within or around the sleeve capable of
maintaining vacuum within the retort when the material is heated to a

temperature greater than 204.4°C (400°F);

a rotating device in communication with the retort adapted to drive

the retort in a rotational motion;

a vacuum device in communication with the retort adapted to
generate a vacuum between 3,386 to 98,205 + Pa {1 to 29+ inches of

mercury) within the retort; and

a heating device in communication with the retort adapted to heat the
material in the retort to a temperature sufficient to volatilize the one or more

volatizable substances into the volatilized gases.

2, The chemical processing and reaction apparatus in accordance with claim 1

further comprising at least one thermal plug disposed in the end of the

sleeve. REPLACEMENT SHEET
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22. The nethod accerding-to-claimi19 wherein the step of cooling the
se urther ﬁim‘;ses renovi ng heat from an outside portion

rotary al f
of the sleeve ”“IJ “mu ;H the outside portion of the sleeve with a
cool i ng nmedi um !30ES NEE according to claim19 wherein the step of

cooling further conprises providizg a purge gas into the sleeve such
that the purge gas is drawn int@the inner chanber past the at |east
one thermal plug, thus cooling the rotary vacuum seal whil e reducing

condensate and_particul ates fromthe sl eeve. 24. The et hod
accor di ngPt o cl§ phamicalproressing,?nst feartigp apRaraiusin sreardanagarithglaim 1 gases

from the retorfurdher eshiptising Lo¥iig 8eVidelfdr 'cBafirfy thedlofdH, 8B4l t hus maki ng

gases from an area of higher concentration within the retort nove to an
area of | ower concentration external to the retort. 25. The met hod

ac ﬁﬁLﬂi NGt 0 CYiRd BherAichSroBbdbirigSnd Rbetidh S5ratus i 38L6ibarkBe with claiffens of a
wherein the cooling device comprises a purge gas flow control device

connected to the sleeve and communication therewith for allowing purge gas

to flow into the sleeve.

5. The chemical processing and reaction apparatus in accordance with claim 3
wherein the cooling device establishes a gas flow that cools the sleeve and
assists to prevent substance condensate from accumulating within the

sleeve.

6. The chemical processing and reaction apparatus in accordance with claim 1
further comprising at least one lift within the retort for enhancing the heat
transfer to the material and enhancing the surface area of the material

exposed to the vacuum by inducing cascading and/or rolling of the material.
7. A chemical processing and reaction apparatus for the separation ot

volatilized gases from a material containing one or more volatizable

substances, the chemical processing and reaction apparatus comprising;

vessel means rotatable about a central axis for holding the material;

off-gas treatment system for receiving the volatilized gases from the

vessel means;

a means for connecting the vessel means to the off-gas treatment

system;
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21 26. A rat| ng at | east one substance as an off-gas from
a materi al "i a retort conprising the steps of:

suppl yi ng he ﬂ the mat eri al such that the heat o

i ncreases the terrperature | n excess of 204.4[err]C (400[err]F) sufficient
to vaporize the at |east one substance; rotating the
retort; 3 i8,

a rotary seal within or around the connection means capable of
maintaining vacuum within the retort when the material is heated to a

temperature greater than 204.4°C (400°F);
rotating means for rotating the vessel means;
vacuum means for generating a vacuum within the vessel means; and

heating means for heating the material within the vessel means to a
temperature sufficient to vaporize the one or more volatizable substances to

the volatilized gases.

8. The chemical processing and reaction apparatus in accordance with claim 7
wherein the connection means is a sleeve integral with the vessel means and

extending therefrom.

9. The chemical processing and reaction apparatus in accordance with claim 7

further comprising a cooling means for cooling the rotary seal.

10.  The chemical processing and reaction apparatus in accordance with claim 9
wherein the cooling means is a purge gas the cools the sleeve and thus the

rotary seal.

11.  The chemical processing and reaction apparatus in accordance with claim 10

wherein the purge gas is ambient air.

12.  The chemical processing and reaction apparatus in accordance with claim 9
wherein the cooling means further comprises a purge gas which is
introduced into the vessel means to sweep the volatilized gases into the off-

gas means.
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applying a vacuumto the retort, the vacuumthereby decreasing the

boi | i ng poi nt Lﬂ'lmmﬂlmuwmnone substance, thus volatilizing the at |east
one of f-gas; and transferring the

of f gas out of *thé retort to an off- gas treatnment system 27. .
The net hod according to claim26 further conprising the step of evaporation
the at |east one substance at a tenperagdi®_ | ess than the boiling point of

t he at | east one substance.

13.  The chemical processing and reaction apparatus in accordance with claim 12

wherein the purge gas is an inert gas.

14. The chemical processing and reaction apparatus in accordance with claim 9

wherein the cooling means is a heat sink.

15.  The chemical processing and reaction apparatus in accordance with claim 9

wherein the cooling means is in thermal communication with the rotary seal.

16. The chemical processing and reaction apparatus in accordance with claim 9
wherein the cooling means comprises a thermal plug interposed between the
rotary seal and the vessel means separating the vessel means into an inner
chamber and an outer chamber containing the rotary seal such that a
temperature gradient is created between the inner chamber and the outer

chamber.

17. A method of separating one or more volatizable substances from a material,

the method comprising the steps of:

applying heat to the material thus making an internal temperature
within a retort greater than 204.4°C (400°F);

rotating the retort; and

applying a vacuum to the retort to reduce a boiling point of the one or
more volatizable substances such that the one or more volatizable
substances vaporize thus separating the vaporized substances from the

material.

18.  The method according to claim 17 wherein the retort has a rotary seal for

containing the vacuum within the retort; the internal temperature within the
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19.

20.

21.

22.

23.

24.

25.

o

retort being greater than the maximum operating temperature of the rotary

seal.

The method according to claim 18 further comprising the step of cooling the
rotary seal such that a temperature of the rotary seal is less than the

maximum operating temperature of the rotary seal.

The method according to claim 17 wherein the vaporized substances exit the

retort through a sleeve.

The method according to claim 20 further comprising maintaining a
temperature differential between the retort and the sleeve by at least one

thermal plug.

The method according to claim 19 wherein the step of cooling the rotary
seal further comprises removing heat from an outside portion of the sleeve

by expodsing the outside portion of the sleeve with a cooling medium.

The method according to claim 19 wherein the step of cooling further
comprises providing a purge gas into the sleeve such that the purge gas is
drawn into the inner chamber past the at least one thermal plug, thus cooling
the rotary vacuum seal while reducing condensate and particulates from the

sleeve.

The method according to claim 17 further comprising the step of evacuating
gases from the retort by using the vacuum to create a gradient thus making
gases from an area of higher concentration within the retort move to an area

of lower concentration external to the retort.

The method according to claim 17 wherein the rotary seal is cooled by

means of a vacuum.
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26.

27.

LT

21
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A method of separating at least one substance as an off-gas from a material

disposed in a retort comprising the steps of :

supplying heat to a retort and the material such that the heat
increases the temperature in excess of 204.4°C {400°F) sufficient to

vaporize the at least one substance;
rotating the retort;

applying a vacuum to the retort, the vacuum thereby decreasing the
boiling point of the at least one substance, thus volatilizing the at least one

substance into the off-gas; and

transferring the off gas out of the retort to an off-gas treatment

system.

The method according to claim 26 further comprising the step of evaporation
the at least one substance at a temperature less than the boiling point of the

at least one substance.
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