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A process and an apparatus for converting solid organic materials into carbon or activated

carbon.

Technical F-ield of the Invendon

The inveotion relates to a process 
^nd ^n 

appararus for converLing soLid organic materials into

carbon or acdvated carbon' The invention generally relates to a process and a¡r appararus for

drytng or seasoning or pyrolysing or gasification o¡ ca¡bonization of solid organic materiâls

utilizi¡g gas or steam or superheated steam, and more particularly, an oxygen-free processing of

solid organic materials utilizing superheated steam wholly under endothermic condition.

Background t¡[ the Invention

The traditional and conventional process adopted For conve¡sion of soüd organic materials into

carbön is by pardy or wholly under exothermic condition. The process for conversion of solid

organic materials into carbon varies from vertical retort batch processing type to rotary kiln

batch or continuous processing rype. Such types of processing are pardy or wholly under

exothermic condition. Also, such type oF exothermic process involves â two-step process:

(r) The fi¡st step involves carbonization of the solid organic matedals (i.e. taw matedals)

under pattial oxidation condition.

þ) The sécond step involves activation oF the carbonized material upon reaction with steam

under partiai or wholly exothemic condition in another sirnilar vertical tetort or rotary kiln.

The disadvantages for the above-mentioned type of processing a¡e as follows: (a) Carboniza¡to¡

of sohd organic maie¡ials (i.e. tarv materials) either in a vettical retott or rotâry kiln under partial

oxidation is very unstable and difficult to cont¡ol the ptocess due to exothermic reaction. þ)
Such rype of carbonization process c¡nnot be âutomâted dùe to'the varying nanrre and quality of

the raw material and hence relies more on the skill and experience of the operator. (c) Partial

oxidation of solid organic materials results in emission of wide range of toxic gases which a¡e

extremely difficult to treat. (d) Yield of the raw materials to the finished products (i.e. carbon) is

high and rvill not be consistent always. (e) Ash content of the carbon rvill be high (due to

processing oF m¿tedal under partial oxrdadon) resulting in lower quality and lower phvsical

strength oÍ thc carbon product. (f) Direct conversion of the solid organic materials to activated

carbon is verv difhcult under exothermic conditions.

A process and an apparatus for converting solid organic materials into carbon or activated carbon.
Technical Field of the Invon The invention relates to a process and an apparatus for converting solid
organic material:: into carbon or activated carbon:, The invendon generally relates to a process and an
apparatus for drying or seasoning or pyrolysing or gasification or carbonization of solid organic
materials utilizing gas or steam or superheated steam, and more particularly, an oxygen-free
processing of 10solid organic materials utilizing superheated steam wholly under endothermic.
condition. Background of the Invention The traditional and conventional process adopted for
conversion of solid organic materials into .! carbon is by partly or wholly under exothermic condition.
The process for conversion of solid organic materials into carbon varies from vertical retort hatch
processing type to rotary kiln batch or continuous processing type. Such types of processing are partly
or wholly under exothermic condition. Also, such type of exothermic process involves a two-step
process:  (a) The first step involves carbonization of the solid organic materials (Le.. raw mat als)
90under partial oxidation condition.  (b) The second step involves activation of the carbonized material
upon reaction with steam under partial or wholly exothermit condition in another similar vertical retort
or rotary kiln. The disadvantages for the above-mentioned type of processing are as follows: (a)
Carbonization of solid organic materials (lie. raw materials) either in a vertical retort or rotary kiln under
partial oxidation is very unstable and difficult to control the process due to exothermic reaction. (b)
Such type of carbonization process cannot he automated due to the varying nature and quality of the
raw material and hence relies more on the skill and experience of the operator. (c) Partial oxidation of
solid organic materials resuks in emission of wide range of toxic gases which are 30 extremely difficult
to treat. (d) Yield of the raw materials to the finished products (i.e. carbon) is high and wilt nor be
consistent always. (e) Ash content of the carbon will be High (due to processing of material under
partial. oxiciadon) resulting in tower quality and lower physical-strength of the carbon product. (I) Direct
conversion of the solid organic materials to activated carbon is very difficuh under exothermic
conditions.  WO 2010/05840SPCTIN200/t/000774 Disclosure of the Invention  In order to solve the
above- described problem, the present invention provides a process and an apparatus for converting
solid organic materials into carbon or activated carbon. 
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ln order to solve the above-desêribed ptoblem, the present invention provides a process and an

âpparâtus for converting solid organic rnate¡ials into carbon or acúvated carbon.

The obiect of the present invention is to provide a process and an apparatus for drying or

seasoning or pyrolysing or gasification ot carbonizalon of soüd organic materials utilizing gas or

steam or superheated steam.

A fu¡ther object o[ the present invention is to provide an oxygen-free processing of soüd organic

materials udlizing superheated steam wholly under endothermic condition.

Another object of the present invention is to provide a process and an apparatus for converting

solid organic materials ttrto carbon or activated carbon, whe¡ein the apparatus is simple in

const¡uction and in tum easy to operate and less cosdy.

The several other types of processes which can also be adopted for processing of solid organic

materials in the apparatus âre as follows:

20 . Dqft.g: Drying is the process wherein the material is subjected to

between 180oC to 220oC, preferably 200:C with pressure ar 1 ro 5 bar in

depending upon the natu¡e o¡ type of materials.

steâm tempefature

the pressure vessel

' Seasoning: Seasoning is mainly for removal of moisture or vater content in the material

25 at steam temperâture between 150oC to 250oC with pressure between 5 to 10 bar in the pressure

vessel depending upon the narure or q/pe of materials.

' Pyrolysing Pyrolysing is. the process where the material is subjected to thermal

decomposition by breaking dorvn the molecular bonds with superheated steam at temperature

30 between 450oC to 750oC depending upon the nature or rype of material. Pressute will be

between 1 to 5 ba¡ onwa¡ds'in the prcssure vessel.

Gasification: Gasification is the process by which material with high calo¡ific value can

subiected to a combination of pressure and temperature with supetheated steam atbe

The objectpresent invention is to provide a process and an apparatus for drying or seasoning or
pyrolysing or gasification or carbonization of solid organic materials utilizing gas or steam or
superheated steam, 0A further object of the present invention is to provide an oxygen-free processing
of solid organic materials utilizing superheated steam wholly under endothermic condition.   Another
object of the present invention is to provide a process and an apparatus for converting solid organic
materials into carbon or activated carbon, wherein the apparatus is simple in 15construction and in
turn easy to operate and less costly. The several other types of processes which can also be adopted
for processing of solid organic materials in the apparatus are as follows: 20Drying: Drying is the
process wherein the material is subjected to steam temperature between 180C to 220C, preferably
200t with pressure at 1 to 5 bar in the pressure vessel depending upon the nature or type of materials.
Seasoning: Seasoning is mainly for removal of moisture or water content in the material 25at steam
temperature between 15CPC: to 250"C with pressure between 5 to 10 bar in the pressure vessel
depending upon the nature or type of materials.       Pyrolysingi Pyrolysing is, the process where. the
material is subjected to thermal decomposition by breaking down the molecular bonds with
superheated steam at temperature 30between 450C. to 750C depending upon the nature or type of
material. Pressure will be between l to 5 bar onwards in the pressure ver 'et.       Gasification:
Gasification is the process by which material with high calorific value can be subjected to a
combination of pressure and temperature with superheated steam at  
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temperahrtes ranging from,450oC to 750oC and pressure at 1 to 5 bar with longer duration of

processing time. Reaction gases thus generated under pressure can be utilized as a renewable

fuel.

' Catbonization: Carbonization is the process in which the material is subjectcd to high

temperah¡re with superheated steam ât temperacures in the range of 600 to 750oC and at parrial

pressutes in the range of 1 to 3 bar thus driving out the volarile matter present in the organic

material.

Upon continuing the process the material gets converted into carbon or activated carbon. The

reaction gases are continuously evacuated from the appâratus till the completion o[ the process.

The different type of process mentioned above depends upon the natu¡e or t'?e of solid organic

materials processed. Hence, the apparatus is adopted for different type of processes by vatying

the following eight parameters: 1. Rotation (RPNf) of the pedorated or non-pérforated rota¡1,'

drum; 2. Presstre oF gas or steâm or superheated steam; 3. Tempetan:re of gas or steam ot

superheated steâm; 4. Processing dme or duraúon depending upon the narure or $pe of process;

5. Flow rate of gas or stedn or superheated steam; 6. Pressure or temperature in the pressure

vessel; 7. Nature of gas or fluid input (gases or fluids other than steam or superheated steam);

and 8. Nature or quantity or t)'pe of materids (organic or inorganic, solid or semr-solid).

The process and the appatatus of the present invention can also be utilized for processing of any

other type of material other than solid organic matenal such as inorganic mzteial üke chemicals

or rubber tyre or bio-medical waste o! residential or municipal waste, etc; depending upon the

natute or guantity or type of material.

25

The ptessure vessel which is c,vlinddcally shaped vessel or container is horizontally mounted on

tilting or swivel support to facilitate up and down tilting movements. The material of

construction of the pressure vessel may be either mild or stainless steel of thick ri¡alled metal with

â non-corrosive, heat, acid and chemical resistant inner lining to withstand high temperature and

30 pressute. The pressure vessel has ân open or close door mechanism at one end for feeding or

removal of material. The other end of the pressure vessel has a sealed dish end. The pressure

vessel houses inside it a rotaq' dnrm and feed pipe(s) ûtted with nozzle(s)/valve(s). The outer

surface of the whole pressure vessel including the open or closc door end and sealed dish end is

temperatures ranging from 450 to 750"k: and pressure at 1 to 3 bar with longer duration of processing
Sae. Reaction gases thus generated under pressure can be utilized as a renewable fuer
Carbornzation: Carbonization is the process in which the material, is subjected to high temperature
with superheated steam at temperatures in the range of 600 to 750C and at partial pressures in the
range of I to 3 bar thus driving out the volatile matter present in the organic material. 10Upon
continuing the process the material gets converted into carbon or activated carbon. The reaction gases
are continuously evacuated from the apparatus till the complerion of the process. The different type of
process mentioned above depends upon the nature or type of solid organic materials processed.
Hence, the apparatus is adopted for different type of processes by varying the following eight
parameters: I. Rotation (RPM) of the perfdrateci or non-perforated rotary 15 drum; 2. Pressure of gas
or steam or superheated steam; 3. Temperature of gas or steam or superheated steam; 4. Processing
time or dumdum depending upon the nature or type of process; 5. Flow rate of gas or steam or
superheated steam; 6. Pressure or temperature in the pressure vessel; 7. Nature of gas or fluid input
(gases or fluids other than steam or superheated. steam); and S. Nature or quantity or type of
materials (organic or inorganic, solid or semi-solid). 20 The process and the apparatus of the present
invention can also he utilized for prorossing of any other type of material other than solid organic
material such as inorganic material like chemicals or rubber tyre or hie-medical waste or residential or
municipal waste, etc; depending upon the nature or quantity or type of material. 25 The pressure
vessel which is cylindrically shaped vessel or container is horizontally mounted on tilting or swivel
support to facilitate up and down tilting movements. The material of construction of the pressure vessel
may be either mild or stainless steel of thick walled metal with a non-corrosive, heat, acid and
chemical resistant inner lining to withstand high temperature and 30 pressure. The pressure vessel
has an open or dose door mechanism at one end for feeding or removal, of material. The other end. of
the pressure vessel, has a scaled dish end. The pressure vessel houses inside it a rotary drum and
feed pipets) Fitted with nozzle(s)/valve(s). The outer surface of the whole pressure vessel including the
open or close door end and sealed dish end is  thermally insulated. The pressure vessel is also fitted
with ress e safety valved), pressure gauge(s) and temperature indicator(s). The thermal insulation with
protective cladding for pressure veSsel including, the door end and  5 sealed dish end is wrapped. or
covered with high density thermal ceramic fiber blankets on the outer to prevent or reduce heat loss.
Protective cladding or covering for the thermal ceramic fiber insulation blankets are provided to protect
it from external damage: The rotary drum is either perforated drum or non-perforated. drum. The
perforated rotary drum 10 is a cylindrically shaped drum with a conical mouth made of perforated
sheet or mesh mounted horizontally with one end coupled to a rotating shaft and the other end
supported on cylindrical rollers and altogether encased inside the pressure vessel. The non-perforated
rotary drum is a cylindrically shaped drum with a conical mouth and can he 
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thermally insulated. The pressure vessel is also fitted with pressute safety lr^lrre(s¡, pressure

gauge(s) and temperature indicator(s).

The thermal insulation with protective cladding fot pressure vessel including the door end and

sealed dish end is wrapped. or covered with high densiry thermal ce¡amic Frber blankets on the

outer to preveot or reduce heat loss. Protective cladding or covering for the thetmal ceramic

fi.ber insulation blankets are provided to protect it from extemal damage.'

The totary drum is eithet perfotated d¡um or non-perforated dmm. The perforated rotary drum

is a rylindrically shaped drum with a conical mouth made of perforated sheet or mesh mounted

horizontally with one end coupled to a rotating shaft and the othcr end supported on rylindncal

rollers and altogether encased inside the pressure vessel.

The non-perforated rotary drum is a cylindrically shaped drum with a conical mouth and can be

mounted either horizontally or vettically depending upon the nature and type of material to be

processed and with one end coupled to a rotating shaft and the other end supported on

cylindrical rollers and encased inside the pressure vessel.

The annular space between the rota¡y dn¡m for both perforated & non-perforated and the

pressure vessel is kept at the bate minimum possible. One end of the totaly dnrm for both

perforated & n'on-petforated is sealed and this sealed end is connected or coupled to the rotating

shaft. The other end of the rotary drum for both perforated & non-perfo¡ated having a conical

mouth end is for feeding of material into the rotary drum. The conical mouth end of the rotary

drum is supported on rylindrical rollers so as to rotate freely inside the pressure vessel. The

material of coostnrction o[ the rotary drum can be either mild or stainless steel or any other

material having good resistance to high temperâture, pressure, corrosion o¡ abrasion and any acid

and chemical ¡eactions.

The sealed dish end is either welded or flange bolted to the pressure vessel. The sealed dish end

can also be attached to the pressure vessel by âny other fastening means. The material of

construction of the sealed dish end can be eithet mild or stainless steel of thick walled metal with

a non-corrosive, heat & acid resistanr inner lining to withstand high temperâture and pressure.

The sealed dish end houses the rotating shaft along with its beanng or housing, geared motor

rvith chain or pulley drive coupled to the rotating shaft, inlet valve(s), oudet valve(s), pressure
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15 mounted either horizontally or vertically depending upon the nature and type of material to be pro
cased ed and with one end coupled to a rotating Shaft and the other end supported on cylindrical
rollers and encased inside the pressure vessel, The annular space between the rotary drum for both
pert heated & non-perforated, and the 20 pressure vessel is kept at the bate minimum possible. One
end of the rotary drum for both perforated & non-perforated is sealed and this sealed end is connected
or coupled to the rotating shaft The other end of the rotary drum for both perforated & non-perforated
having a conical mouth end is for feeding of material into the rotary drum. The conical mouth end of
the rotary dram is supported on cylindrical rollers so as to rotate freely inside the pressure vessel. The
25 material of construction of the rotary drum, can be either mild or stainless steel or any other
material having good resistance to high temperature, pressure, corrosion or abrasion and any acid and
chemical reacdons. The sealed dish end is either welded or flange bolted to the pressure vessel. The
sealed dish end  30 can also be attached to the pressure vessel by any other fastening means. The
material of construction of the sealed dish end can be either mild or stainless steel of thick wailed
metal with a non-corrosive, heat & acid resistant inner lining to withstand high temperature and
pressure. The scaled dish end houses the rotating shaft along with its bearing or housing, geared
motor with chain or pulley drive coupled to the rotating shaft, inlet valve(r), outlet valve(s), pressure
gauge(s) and temperature indicator(s). 'the outer of the sealed dish end is thermally insulated with
thermal ceramic fiber blankets with protective cladding or covering. The rotating shaft is made of
hardened mild or stainless steel cylindrical shaft mounted at the center of the sealed dish end of the
pressure vessel. The outer end of the rotating shaft is connected to a belt or chain drive coupled to a
geared motor. The RPM of the rotary drum is regulated by the geared motor. For perforated &
non-perfOraced rotary cin.irn, the inner end of the rotating shaft is coupled to 10 the sealed end of the
rotary dram inside the pressure vessel. However, for non-perforated rotary drum type, the rotating
shaft his a gas or steam or superheated steam feed pipe running through its centre which further
extends to the inside of the non-perforated rotary. dram. The gas or steam or superh.cated. steam
feed pipe inside the rotating shaftiis thermally insulated to prevent any transmission of heat to the
rotating shaft and also remains stationary in its position i.e., it 15 does not rotate along with the rotating
shaft. The gland of the rotating shaft is well sealed to prevent any steam or gas leakage even under
high pressure. As constant heat is developed during processing of solid organic materials in the
apparatus, hence to prevent the rotating shaft from seizing; the bearing or housing of the shaft is
constantly cooled by a cooling mechanism. The bearing or housing of the rotating shaft will have a
casing surrounding it. This casing will be cominuousiv filled with a liquid coolant of very, low
vaporization content which. in turn will continuously cool the rotating shaft. The liquid coolant wth be
constantly recirculated. The geared motor is coupled to the rotating shaft by a belt or chain drive vide
pulley or chain sprocket. The gc,red motor is mounted on supports bolted or welded or by any other
fastening 25 means to the outer wall of the sealed dish end of the pressure vessel. RPM of the rotating
shaft is regulated by varying either the speed of the geared motor or the dimensions of the pulley or
chain sprocket. The steam superheater is not an integral part of the apparatus. The steam superheater
performs 30 the &Inchon of raising the temperature of steam between 200C to 750C. in the apparatus,
superheated steam generated from the steam superheater is at temperatures 450-.750C which flows
through the feed pipe inside the pressure vessel and further through urn-le(s) or valve(s). 



wo 2010/0s8408 PCT/rN2008/000774

gauge(s) and temperature indicator(s). The outer of the sealed dish end ìs thermally insulated

with thermal ceramic fiber blankets with protective cladding or covering.

The rotating shaft is made of hardened mild ot stainless steel cylindrical shaft mountéd ar the

ceoter of the sealed dish end of, the pressure vessel. The outer end of the rotaring shaft is

connected to a belt or chain drive coupled to a geared motor. The RPM of the rotary drum is

regulated by the geated motor.

Fot petforated & non-pe¡fotated rotary drùm, the inner cnd of the totating shaft is coupled to

the sealed end of the totary d¡um inside the ptessure vessel. However, for non-perforâted rotary

drum type, the rotating shaft has â gâs or steâÍì or superheated st€âm feed pipe running through

its centre rvhich further extends to the inside of the non-perforated rotary dn¡m. The gas or

steâm or superheated steam feed pipe inside the rotating shaft is thermally insulated to prevent

any ttansmission of heat to the totating shaft and also remains stationary in its position i.e., it
does not rotate along with the rotatiog sha_ft. The gland of the rotating shaft is wêll sealed to

Prevent âny steam or gas leakage3 even undef high pressure. ,{s constanr heat is developed

during processing of solid organic materials in the apparatus, hence to prevent the totating shaft

from seizing; the bearing or housing of .the shafr is constantly cooled by a cooling mechanism.

The bearing or housing of the rotating shaft will have a casing surrounding it. This casing will be

continuously filled with a liquid coolant of very low vaporization content which in tum will

continuously cool the rotating sha€t. The liquid coolant will be constântly recirculated.

The geared motor is coupled to the totating shaft by a belt or chain d¡ive vide pulley or chain

sprocket. The geared motor is mounted on supports bolted or welded or by any other fastening

means to the outer wall of the sealed dish end of the pressure vessel. RPNrt of the rotating shaft is

regulated by vanring either the speed of the geared motor or the dimensions o[ the pullev or

chain sprocket.

The steam supetheater is not an integral part of the apparatus, The steam supetheater performs

30 the function of raising the temperature of steam between 200oC to 750"C. In the appararus,

superheated stealn generated From rhe steam superheate/ is at temperaates 450-750oC which

flows through the feed pipe inside the pressure vessel and fu¡ther through nozzle(s) or valve(s).
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The inlet valve(s) is for passing steam or superheated steam, The inlet valve(s) are fitted to the sealed
dish end of the pressure vessel. The flow of superheated steam from the. steam superheater is
regulated by the inlet valve(s) before entry into the feed pipe fitted with nozzle(s) or valve(s) inside the
pressure vessel. The feed pipe is fitted with nozzle(s) or valve(s) inside pressure vessel. For
perforated rotary dram, feed pipe fitted with nozzle(s) or valve(s) anchored to the pressure vessel is
located below the whole length of the rotary drum. The feed pipe fitted with nozzlit) or valve(s)
anchored to the pressure vessel is located below either in a straight line or in a zigzag manner or in
any other 10manner running alongside the whole length of the rotary drum. Only at the inside of the
non-perforated rotary drum, the nozzle(s) or valve(s) are fitted on the feed pipe. The feed pipe inside
the non-perforated rotary drum can be either in a straight line or in a zigzag manner or in any other
manner ninning alongside the whole length of the non- 1 5 perforated rotary drum. The length of feed
pipe at the entry point of the non-perforated rotary drum need not necessarily be extended inside the
non-perforated rotary drum; but can even be restricted at the entry point itself or can be varied
depending upon the nature or quantity or type of the solid organic materials to be processed.
20Superheated steam generated from the steam superheater at temperatures in the range of 450-
750C flows through the feed pipe and further through the series of nozzle(s) or valves). The nozzle(s)
or valve(s) in the feed pipe are arranged to provide uniform distribution of the , superheated steam at
equal temperature and pressure throughout the whole length of the Rotary Drum. The superheated
steam thus comes into direct contact with the solid organic materials 25inside the rotary drum dining
the process. The tilting or swivel support is for tilting of the .whole pressure vessel and its accessories.
For smooth and easier feed or ternoval of the solid organic materials in. the rotary drum fitted inside
the pressure vessel, the whole presSure vessel is mounted on tiling or swivel support that 30 permits
tilting of the pressure vessel upwards or downwards, For feeding of the solid organic materials inside
the rotary chutn, the pressure vessel will be tilted upwards in the range of 30' angle to 60' angle from
its horizontal position at 180' angle with either the door of the pressure vessel or the feeding or
removal port in open position depending upon the dimension of the solid organic materials to be fed in
the rotary drum.  During process of the solid organic materials, the pressure vessel with perforated
rotary drum is maintained in the horizontal position at 180* angle. However, for non-perforated rotary
drum, the pressure vessel can he positioned either in horizontal at 180 angle or vertical at Wangle or
at any suitable angle or position depending upon the need of the process. Similarly, for removal 
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The inlet valve(s) is for passing steâm or superheated steam. The inlct valve(s) a¡e fìtted to the

sealed dish end of the pressure vessel. The flow of superheated steam from rhe steam

superheater is regulated by the inlet valve(s) before entry into the feed pipe fitted with nozzle(s)

ot valve(s) inside the pressure'vessel.

. The feed pipe is fitted rvith nozzle(s) or valve(s) inside pressure vessel. For perforated rotary

d¡um, Feed pipe fìtted with nozzle(s) or valve(s) anchored to the pressure vessel is located below

the rvÉole length of the rotary drum. The feed pipe fitted with nozzle(s) or valve(s) anchored to

the pressure vessel is located below either in a straight li¡e ot n a zigzagmânner or in any other

mânner running alongsidê the whole length of the totary drum.

Only at the inside of the non-perfotated rotary drum, the nozzle(s) or valve(s) are fitted on rhe

feed pipe. The feed pipe inside the non-perforated rotary d¡um can be eithet in a straight line or

in a ztgzag manner or in any other manner nrnning alongside the whole length of the non-

pertbrated totary drum. The length of feed pipe at the entry point of the non-perforated rotary

drum need not necessadly be extended inside the non-perforated rotary drum; but can even be

restricted at the entry point itself or can be varied depending upon the nature or quantity or type

of the solid organic matetials to be processed.

Supetheated steam generated from the steam supetheater ât temperatures in the range of 450-

750oC flows through the feed pipe and further through the series of nozzle(s) or valve(s). The

nozzle(s) or valve(s) in the feed pipe arc artanged to provide uniform distribution oF the

superheated steâm at equal tempetah¡re and pressure thtoughout the whole length of the Rotary

Drum. The superheated steam thus comes into di¡ect contâct with the solid organic materials

inside the totary drum duting the process.

The titting or swivel support is for tilting of the whole pressure vessel and its accessories. For

smooth and easier feed ot removal of the solid organic materials in the rotary drum fìtted inside

the pressure vessel, the whole presSure vessel is mounted on tilúng or s'uvivel support that

permits tilting of the pressure vessel upwards or downwards. For feeding of the solid organic

materials inside the rotáry drum, the ptessure vessel will be tlted uprvards in the range of 30o

angle to 60" angle from its horizontal position at 1.80" angle with either the door o[ the pressure

vessel or the feeding or removal port in open position depending upon the dimension of the

solid organic materials to be fed in the rotary drum.

30

5:  of the solid organic materials, the whole pressure vessel is tilted downward in the range of 30'
angle to 60`` an.ght from its horizontal position at 180' angle. The cylindrical rollers are designed to
support and keep the conical mouth end of the rotary drum centrally aligned for the rotary drum to
rotate freely inside the Pressure Vessel. The 10 cylindrical rollers are fitted on to the inside walls of the
pressure vessel se a.s to share and balance the load of the rotary drum with the solid organic
materials to ensure smooth rotation of the rotary dram. The material of cylindrical rollers are designed
to withstand heavier loads and resistance to abrasion, wear & teat, metal fatigue, temperature,
pressure and other chemical or add reactions. 15 The open or close door is hinged at the edge of the
pressure vessel to facilitate feeding or removal of solid organic Materials of larger dimension into or
from the rotary drum. However, for feeding or removal of solid organic materials of smaller dimension,
the open or close door has a feeding or removal port with connecting chute at its centre. The open or
close door is 20 designed to prevent any leakages under high pressure or temperature. The material
of construction of the open or close door is either mild or stainless steel of thick walled metal with a
non-corrosive, heat and acid resistant inner lining to withstand high temperature and pressure. The
outer of the open or dose door is thermally insulated, with thermal ceramic fiber blankets with
protective cladding or covering. 25 . The feedin.g or reg.-loyal port is centrally located on the open or
close door of the Pressure Vessel. The feeding or removal port is to facilitate quick and easier feeding
or removal of solid organic materials of smaller:dimension inside the rotary drum, The feeding or
removal port has a retractable connecting chute to link or connect the conical mouth end of the rotary
dram 30 through which the solid organic materials tlows. The door of the feeding or removal port is
designed to withstand high temperature, pressure and has a sealing mechanism to prevent 217ty
leakages.  The connecting chute i.s a hollow cylindrical pipe or tube whose diameter will be less than
the diameter of the conical mouth of the rotary drum so that it does not hamper the free rotation of the
rotary drum during feeding or removal of the solid organic materials. The connecting chute is of
retractable type. I, is to facilitate the link between the feeding or removal port and the conical mouth
end of the rotary drum. During feeding or removal of the solid organic matetialsonly the connecting
chute is liked. In the case of non-perforated rotary drum, during processing of the solid organic
materials, the connecting chute is retracted inside this feeding or removal port so as to allow the
reaction gases  0 to flow out of the non-perforated intarv drum for evacuation from the pressure vessel
through the gas exit pipe. The material of the connecting chute is either mild or stainless steel or any
other material capable of withstanding heavier loads and resistance to abrasion, wear & tear, metal
fatigue, temperature, pressure and other chemical or acid reactions, 15The pressure safety valve(s)
axe mounted on the pressure vessel to safeguard the apparatus from excessive pressure build-up
during its operation. The gas exit pipe is fitted on the sealed dish end of the pressure vessel.. It may
also be located on the outer of the pressure vessel wall. Reaction gases generated during the process
exits from the pressure vessel through this gas exit pipe. The. outlet valvets) is fitted to the gas exit
pipe mounted on the pressure. vessel, R.eaedon gases exits , 
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Dunng process of the solid organic materials, the pressure vessel wirh perforated rotâry drum is

maintained in the horizonal position at 180o angle. However, for non-perforated rotary drum,

the pressure vessel can be posirioned either in horizontal at 180o angle or vertical at 9O"angle or

at any suitable angle or position depending upon the need of the process. Similady, for temoval

of the solid organic materials, the whole ptessure vessel is tilted downr¡¡ard in the range of 30o

angle to 60o angle ftom its ho¡izontal position at 1800 angle.

The cylindrical rollers are desþed to support and keep the conical mout\ end of the rctary

drum centrally aligned for the rotary drum to rotate freely inside the P¡essure Vessel. The

cylindrical tollers are fìtted on to the inside walls o[ the pressure vessel so as to share and balance

ttre load of the rotary dnrm with the solid organic materials to ensure smooth rotarion of the

rotary drum. The ¡nateriai of cylindrical rollers are desþed to withstand heavier loads and

resistance to abrasion, wear & tear, metal fatigue, temperarwe, pressure and other chemical or

acid reactions.

The open or close door is hinged at the edge of the pressure vessel to facilitate feèding or

removal of soüd organic mäterials of larger dimension into or from the rotary dn¡m. FIowever,

for [eeding or removal of solid otganic materials of smaller dimension, the open or close door

has a feeding or removal port with connecting chute at its centre. The open or close door is

designed to Prevent any leakages trnder high pressure or temperature. The material of
constn¡ction of the open or close doo¡ is either mild or stainless steel of thick walled metal with

a non-corrosive, heat and acid resistant inner lining to rx¡ithstand high temperature and pressure.

The outet of the open or close cloor is thermally insulated with thermat ceramic hber blankets

with protective cladding or covering.

The feeding or removal port is centrally located on the open or close door of the Pressure

Vessel. The feeding or removal port is to facilitate quick and easier feeding or removâl of solid

organic materials of smaller'dimension inside the rotary drum. The feeding or removal port has â

reüactable connecting chute to link o¡ connect the conical mouth end of the rotary drum

through which the solid organic materials flows. The door of the feeding o¡ removal porr is

desþed to rvithstand high temperaru¡e, p¡essure and has a sealing mechanism to prevent any

leakages.

20 from the pressure yersel via the outlet valve(s). The oudet valve(s) regulates the pressure and, flow
of reaction gases generated during the process of the solid organic materials. The gas treatment unit
is not an integral pan of this apparatus. Reaction gases generated in the apparatus during the process
axe treated in this unit, Treatment of reaction gases varies depending upon the nature or quantity or
type of solid organic materials loaded and the process adopted. The  25 pressure gauge(s) indicates
the pressure level in the pressure vessel and can be mounted on the outer wail of the pressure vessel.
The processing of solid organic materials is regulated by-the readings of the pressure gauge(s). The
temperature indicator(s) are located. omthe outer wall of the pressure vessel. Temperature indicator(s)
provide the readings of the temperature of the reaction gases or steam or superheated steam inside
the pressure vessel. The processing of solid 30organic materials is regulated by the readings of the
temperature indicator(s). The present invention provides a process for converting solid organic
materials into carbon or activated carbon, comprising the steps of: tilting the pressure vessel having
thermal insulation along with its acrrcsodes supported on a tilting or swivel support; feeding the solid
organic  materials to be processed through the feeding or removal port via the connecting chute into
the perforated or non-perforated rotary. drum encased inside the pressure vessel; realigning the
pressure vessel to its horizontal position when the perforated or non-perforated rotary dram is frilly
loaded with the solid organic materials; feeding gas or steam inside the pressure vessel till the entire
air inside the pressure vessel is purged out; feeding superheated steam continuously via  the inlet
valve and through the feed pipe fitted with. nozzles or valves into the perforated or non-perforated
rotary drum thus coming into direct contact with the solid organic materials; rotating constantly the
perforated or non-perforated rotary drum by geared motor with belt or chain drive coupled to the
rotating shaft for ensuring uniform direct contact between superheated 10 steam and the solid organic
materials; evacuating continuously the generated reaction gases from the pressure vessel through the
gas exit pipe via the outlet valve to the gas treatment unit; unloading the processed material i.e,
carbon or activated carbon on completkin of the process from the perforated or non-perforated rotary
drum via the connecting chute and through the feeding or removal port by tilting the pressure vessel
downwards and upon maintaining 5continuous rotation of the perforated or non-perforated rotary
drum. The present invention according to the first embodiment provides an apparatus for converting
solid organic materials into carbon or activated carbon, comprising: a pressure vessei horizontally
mounted on tilting or swivel support for up arid down tilting movements; a perforated rotary 20 drum
having a conical mouth encased inside said pressure vessel; a sealed dish end is attached to said
pressure vessel at one end; a rotating shaft is mounted at the center of said sealed dish end; a geared
motor with belt or chain drive is coupled to :iaid rotating shaft vide pulley or chain sprocket; a steam
super heater for generating superheated steam; at least one inlet valve fitted to said sealed dish end
for regulating the super heated steam; at least one feed pipe having nozzles 25 or valves is placed
below the whole length of said perforated totary drum: at least one cylindrical roller for supporting and
keeping said conical mouth end of said perforated rotary drum centrally aligned for rotating freely
inside said pressure vessel; an open or dose door end at another end of said pressure veisel for
feeding or removing solid organic materials of larger dimension into or from said perforated rotary
drum; a feeding or removal port centrally located on said open or 30 close door end for feeding solid
organic materials of smaller dimension inside said perforated rotary drum; a connecting chute ,having
smaller diameter than said conical mouth of said perforated rotary drum for facilitating free rotation of
said perforated rotary drum during feeding or removal of the solid organic materials; at least one
pressure safety valve is mounted on said pressure vessel to safeguard said apparatus from excessive
pressure build-up during its operation;  
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Tbe connecting chute is a hollow rylindrical pipe or h¡be rvhose diameter will be less than the

diamete¡ of the conical mouth of the rotary d¡um so that it does not hamper the ftee rotation of
the totary drum during feeding or temoval of the solid orlanic materials. The connecting chute is

of retractable rype. It is to facilitate ùre link between the feeding or removal port and the conical

mouth end o[ the rotary drum. During feeding or removal of the solid organic materials only the

connecring chute is linked.

In the case of non-perforated, totary dnrm, during processing of the solid organic materials, the

connecting chute is retracted inside the feeding or removal port so as to allow the reaction gases

to flow out of the non-perforated rotary d¡um for evacu¿tion from the pressure vessel tfuough

the gas exit pipe. The material of the connecting chute is either mild ot stainless steel or any

other material capable of withstanding heavier loads and resistance to abrasion, wear & tear,

metal fatigue, temperature, pressure and other chemical or acid ¡eactions.

The pressue saFety valve(s) are mounted on the pressure vessel to safeguard thé appararus from

excessive pressure build-up during its operation. The gas exit pipe is ûtted on the sealed dish end

of the pressure vessel. It may also be located on the outer of the pressure vessel wall. Reaction

gases genetated during the process exits from the pressure vessel through this gas exit pipe. The.

outlet valve(s) is fitted to the gas exit pipe mounted on the pressure vessel. Reaition gases exits .

from the Pressute vessel via the oudet valve(s). The outlet valve(s) regulates the pressure and--,

llow of reaction g'¿ses generated during the process of the solid organic materials. The gas

treatment unit is not øn ìntegral part of this appararus. Reaction gases generated in the appâratus

during the process a¡e tteated in this unit. Treatment of reaction gases varies depending upon the

nature or quantity or type of solid organic materials loaded and the process adopted. The

pressure gaugeþ) indicates the pressure level in the pressure vessel and can be mounted on the

outer wall of the ptessure vessel. The processing of solid organic materials is regulated by'the

readiogs of the pressure gauge(s). The temperature indicator(s) are located on.the outerrvall of

the pressure vessel. Temperature indicator(s) provide the readings of the temperature of the

reacrion gases ot steatn or superheated stsam inside the pressure vessel. The processing of solid

30 organic materials is regulated by the readings of the temperâture indicator(s).

The present invendon ptovides a process for converting solid organic materials into ca¡bon or

activated carbon, comprisitig the steps of: tilting the pressure vessel having thermal insulation

along with its accessories supported on a tilting or swivel support; feeding the solid organic

25

a gas exit pipe is fitted on said sealed dish end for out flow of reaction, gases generated from said
pressure vessel; at least one outlet valve fitted to said gas exit pipe for regulating the pressure and
flow of reaction gases generated chiring the processing of the solid organic materials, a gas treatment
unit for treating the generated reaction gases; at least one pressure gauge is mounted on the outer
wliti of said pressure vessel for indicating the pressure level in said pressure vessel; and at least one
temperature indicator is modnted on the outer wall of said pressure vessel for indicating the
temperature oldie gas or steam or superheated steam inside said pressure vessel. The present
invention according to the second embodiment provides an apparatus for 10 converting solid organic
materials into carbon or activated cm-bon, comprising a pressure vessel horizontally mounted on clang
or swivel support for up and down tilting movements; a non-perforated rotary drum having a conical
mouth, encased inside said pressure vessel; a scaled dish end is attached to said pressure vessel at
one end; a rotating shaft is mounted at the center of said sealed dish end; a geared motor 'vith belt or
chain drive is coupled to said rotating shaft vide I 5 pulley Of chain sprocket; a steam super heater for
generating superheated steam; at least one inlet valve fitted to said sealed dish end for regulating the
super heated steam; at feast one feed pipe having nozzles or valves inside said non-perforated rotary
drum is placed at the centre of said rotating shaft and extends to the whole length inside of said
non-perforated rotary drum, said feed pipe is thermally insulated to prevent transmission of hear and
remains stationary; at ieasr 20 one cylindrical roller for supporting and keeping said conical mouth end
of said non-perforated rotary drum centrally aligned for rotating freely inside said pressure vessel; an
open or close door end at another end of said pressure vessel for feeding or removing solid organic
materials of larger dimension into or from said non-perforated rotary drum; a feeding or removal port
centrally located on said open or close door end for feeding solid organic materials of smaller 25
dimension inside said non-perforated rotary drum: a connecting chute having smaller diameter than
said conical mouth of said non-perforated rotary drum for facilitahrig Free rotation of said
non-perforated rotary drum during feeding or removal of thc solid organic materials; at ieasr one
pressure safety valve is mounted on said pressure vessel to safeguard said apparatus from excessive
pressure build-up :during its operation; a gas exit pipe is fitted on said scaled dish end 30 for out flow
of reaction gases generated from said pressure vessel; at least one outlet valve fitted to said gas exit
pipe for regulating the pressure and flow of reaction gases generated during the processing of the
solid Organic materials; a gas treatment unit for nearing the generated reaction gases; at least one
pressure gauge is mounted on the outer wall of said pressure vessel for indicating the pressure level in
said pressure vessel; and at least one temperature indicator is  mounted on the outer wall of said
pressure vessel for indicating the temperature of the gas or stream or superheated steam inside said
pressure vessel. Brief description of the dra The advantages and features of the invention will become
more clearly apparent from the following description which refers to the accompanying drawings given
as non-restrictive examples only and in which: 10Figure 1 illustrates the front view of the apparatus for
converting solid organic materials into carbon or activated carbon having perforated rotary drum
according to first embodiment; and   Figure 2 demonstrates the front view of the apparatus for
converting solid organic materials into carbon or activated carbon having non-perk:rated rotary drum
according to second . 5embodiment. Detailed description of the preferred embodiments Referring to
figure 1, to prevent heat loss, thermal insulation with protective cladding 2 is 20 provided on the outer
wail, of the pressure vessel I. Before feeding of the solid organic materials, the whole pressure vessel
1 along with its accessories supported on a tilting or swivel support 10 is rated upwards in the range of
30' angle to 60 angle from its horizontal position at 1800 angle. From the open or dose door end of the
pressure vessel 12, the solid organic materials is fed through. the feeding or removal port 13 via the
connecting chute 14 into the perforated rotary 
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materials to be processed through the feeding or removal port via the connecting chute into the

perfotated or non-perfotated rotary drum encased inside the pressure vessel; realigning the

pressure vessel to its horizontal position when the perfotated or non-perforated rotary drum is

fully loaded with the solid organic materials; feeding gâs or steam inside the pressure vessel till

the entire air inside the pressute vessel is purged out; feeding superheated steam continuously via

the inlet valve and through the feêd pipe fitted with nozzles or valves into the perforated or non-

perforated rotary drum thus coming into di¡ect contâct with the solid organic materials; rotating

constantly the petfotated or non-perforated rotary dnrm by geared motor with belt ot chain

drive coupled to the rotating shaft For ensuring unifotm di¡ect contact berween superheated

steam and the solid organic materials; evacuating continuously the generated reacdon gases from

the pressure vessel through the gas exit pipe via the outlet valve to the gas üeatment unit;

unloading the processed material i.e. carbon or activated ca¡bon on completion of the process

ftom the perforated or non-perforated rotary d¡um via the connecting chute and through the

feeding or removal pott Þy tilting the pressure vessel downwards and upon maintaining

continuous rotation of the perforated ot non-perforated rotary drum.

The present invention according to the lust embodiment provides an âpparatus for converting

solid otganic materials into ca¡bon or accivated carbon, compdsing: a pressure vessel horizontally

mounted on tilting or swivel support for up and down tilting movements; â perfotated rotary

drum having a conical mouth encased rnside said pressure vessel; a sealed dish end is attached to

said pressure vessel at one eod; a rotating shaft is mounted at the center of said sealed dish end; a

geared motor with belt o¡ chain drive is coupled to said rotating shaft vide pulley or chain

sprocket; â steam super heater for generating superheated steam; at leâst one iniet valve fitted to

said sealed dish end for regulating the suþer heated steam; at least one feed pipe having oozzles

or valves is placed below the whole length of said perforated rotary drum; at least one cylindrical

roller for suppoting and keeping said conical mouth end of said perforated rotary dn:m centrally

aligned for rotating freely inside said pressure vessel; an open or close door end at another end

of said pressr¡re veisel for feeding or removing solid organic materials of larger dimension into

or from said perforatcd rctary dmm; a feeding or removal port centrally located on said open or

close door end for feeding solid organic materials of smaller dimensioo inside said perforated

rotary drum; a connecting chute having smallet diameter than said conical mouth of said

perforated rotary drum fot facilitating free rotation of said pedorated rotary drum during feeding

or removal of the solid organic materials; at least one pressure safety valve is mounted on said

pressure vessel to safeguard said apparanrs from excessive pressure build-up during its operation;

20
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2.5 drum 3 encased inside the pressure vessel I. During feeding of the solid organic materials, the
rotation of the perforated rotary drum 3 is maintained at a specified RPM so as to facilitate uniform
feed of the solid organic materials throughout the Length of the perforated rotary chum 3. Rotation of
the perforated rotary drum 3 is by geared motor with belt or chain &hit 6 coupled to the rotating shaft 5.
The outer end of the rotating shaft 5 housed at centre of the sealed dish 30 end 4 of the pressure
vessel I is coupled to the geared motor with belt or chain drive 6. The inner end of the rotating shaft 5
is coupled to the sealed end of the perforated rotary drum 3. The gland of the rotating shaft 5 is well
sealed to Prevent any steam or gas leakages even under high pressure.  As constant heat is
developed during processing of the solid organic materials in the apparatus, hence to prevent the
rotating shaft .5 from seizing; the rotating shaft 5 and its beating or housing is constantly cooled by a
cooling mechanism. After the solid organic materials is loaded into the perforated rotary drum 3, the
door of the feeding or removal port 13 is closed tightly to prevent any leakages of gas or steam even
under high. pressure. When the perforated rotary drum .3 is fully loaded with the solid organic
materials, the pressure vessel 1 is re-aligned to its horizontal position at HO' angle. Gas or steam at a
temperature of 120C to 200 *C is admitted inside the pressure vessel 1 till the entire air inside the
pressure vessel 1 is purged out The superheated steam with temperature ranging from 450 to 750C
generated from the steam superheater 7 is then fed via the inlet calve(s) 8 which regulates the flow of
superheated steam through the feed pipe fitted with nozzle(s) or valve(s) 9. Th.e feed pipe fitted with
nozzle(s) or valve(s) 9 i.s anchored below the perforated rotary drum 3 inside the pressure vessel 1.
The gap between the feed pipe fitted with nozzle(s) or valve(s) 9 and the perforated rotary dram 15 3
will be as minimum as Possible so as to render instant and effective contact of superheated steam
(With minimal loss of heat) with the solid organic materials in the perforated rotary drum 3. The
superheated steam thus flowing from the feed pipe fitted with nozzle(s) or valve(s) 9 , enters into the
perforated rotary dram 3 (through the perforated mesh or screen) thus coming into direct contact with
the solid organic materials. The perforated rotary dram 3 continues to 20 rotate at 1 to 10 RPM during
the process with the continuous flow of superheated steam through the solid organic materials. The
constant rotation of the perforated rotary drum 3 at 1 to 10 RTIls1 ensures uniform direct contact of the
solid organic ma;.erials with superheated steam. The RPM varies depending upon the type and nature
of the solid organic material to he processed. 25The reaction of the superheated steam with the solid
organic material concern the solid organic materials into carbon or tic:awned carbon, The reaction
gasi-ii generated dining the process are continuously evacuated from the pressure vessel 1. The
reaction gases are exited through the gas exit pipe 16 via the outlet calve(s) 17 to the gas treatment
unit 18. The outlet calve(s) 17 is designed to regulate the flow of reaction gases to the gas treatment
unit 18 and also to regulate 30 the pressure in the pressure vessel I depending upon the type of
process adopted. The whole process is regulated by controlling the pressure and the temperature with
the help of respective indicators Le., pressure gauge(s) 19 and temperature indicator(s) 20.  A
pressure safety valve(s) 15 is mounted inh                                   t-pe pressure vessel 1 to safeguard
the apparatus froth excessive pressure build-up during its operation. After completion of the process,
the solid organic materials is unloaded via the connecting chute 14 and through the feeding or removal
port 13 by difing the pressure vessel 'I downwards in the range of 30' met to 60 angle from its
horizontal position at 180* angle and upon maintaining continuous rotation of the perforated rotary
dram 3. The size of perforations in the perforated rotary drum varies in accordance with the nature or
type of solid organic materials to be processed. The feed pipe with nozzle(s) or valve(s) need not 10
necessarily be located below the perforated rotary drum, but can be at any other located point
depending upon the size of the -apparatus. The feed pipe need not necessarily be in a straight tine but
can also he in a zigzag manner. The feeding port, connecting chute shown in Figure 1 is to facilitate
reeding of solid organic materials smaller in dimension. For solid organic materials of larger dimension,
the feeding port and connecting chute can be dispensed with and feeding and 15 charging of the solid
organic materials can he done by opening the conical mouth of the perforated rotary drum, The mouth
of the perforated rotary drum need not necessarily be conical in shaped. The size of the apparatus is
related to the quantity of solid organic materials to be processed. The number of valves, gauges,
indicators mounted depends on the size of the apparatus. 
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a gas exit pipe is fitted on said sealed dish end for out flow ofreaction gases generated from said

Pressure lressel; at least one oudet valve fitted to said gas exit pipe for regulating the pressure and

flow of reaction gases generated during the processing of the solid organic materials; a gas

treatment unit fot treating the generated reaction gases; at least one pressure gauge is mounted

on the outer wall of said pressure vessel for indicating the pressure level in said pressure vessel;

and at least one temperature indicator is ,moúnted on the outer wâll of said pressure vessel for

indicating the temperature of the gas or steâm or superheated steam inside said pressute vessel.

The present invention according to the second embodiment ptovides an apparatus for

converting solid organic materials into ca¡bon or activated cafbon, comprising a pressure vessel

'horizontally mounted on tilting or sr¡¡ivel supporr fot up and down tilting movements; a non-

,perforated rotaÐ' dnrm having a conical mouth encased inside said pressure vessel; a sealed dish

end is attached to said pressure vessel at one end; a rotating shaft is mounted at the centet of sard

sealed dish end; a geared motor with belt or chain d¡ive is coupled to said rotating shaft vide

pulley or chain sprocket; a steam super heater for generating superheated steam; at least one inlet

valve 6tted to said sealed dish end for regulating the super heated steam; at least one fèed pipe

having nozzles or valves inside said non-perforated rotary drum is placed at the centre of said

rotating shaft and extends to the whole length inside of said non-perforated rotar¡r drum, said

feed pipe is thermally insulated to prevent transmission of heat and remains station¿ry; at least

one rylindrical rolle¡ for supporting and keeping said conical mouth end o[ said non-perforated .

rotary drum centrally aligned t-or rotating freely rnside said pressure vessel; an open or close door

cnd at anotlret end of said ptessure vessel for feeding or removing solid organic materials of .

Iarger dimension into or from said non-perforated rotary drum; a feeding or removal port

centrally located on said open or close door end for feeding solid organic materials of smaller

dimension inside said non-perforâted rctary drum; a connecting chutc having smaller diametc¡

than said conical mouth of said non-perforated rotary drum for facilitaring free rotation of sard

non-perforated roøry drum during feeding or ¡emoval of the solid organic materials; at least one

ptessure safety valve is mounted on said pressure vessel to safeguatd said apparatus from

excessive ptessure build-up during its operation; 
^ æs exit pipe is frtted on said sealed dish end

for out flow of reaction gases gcnerated from said pressure vessel; at least one outlet valve fitted

to said gas exit pipe fot regulating the pressure and flow of teaction gâses generated during the

processing of the solid organic materials; a gas treatment unit for treating the generated reaction

gâses; at least one pressure gauge is irrounted on the outer wall oF said pressure vessel For

indicating the pressute level in said pressure vessel; and at least one temperrrture indicator is

t0

20 Referring to figure 2, to prevent heat loss, thermal insulation with protective dadthrag 2 is provided
on the outer wall of the pressure vessel I. Before feeding of the solid organic materials, the whole
pressure vessel 1 along with its accessories supported on a tilting or swivel support 10 is thted
upwards in the range or 30' angle to 60' angle from its horizontal position at 180' angle. 25 From the
open or dose door end of the pressure vessel. 12, the soli.d organic materials is fed through the
feeding or removal port 13 via the connecting chute 14 into the non-perforated rotary drum 3 encased
inside the pressure vessel 1. During feeding of the solid organic materials, the rotation of the
non-perforated rotary drum 3 is maintained at a specified RPM so as to facilitate uniform feed, of the
solid Organic materials throughout the length of the non-perforated 30rotary drum I Rotation of the
non-perforated rotary drum 3 is by geared motor with belt or chain drive 6 coupled to the rousting shaft
5. The outer end of the rotating shaft 5 housed at centre of the sealed dish end 4 of the pressure
vessel./ is coupled to the geared motor with belt or chain drive 6. 'The inner end of the rotating  shaft 5
is coupled to the sealed end of the non-perforated rotary drum 3. For non-perforated drum 3, the
rotating shaft 5 has gas or steam or superheated steam feed pipe fitted with nozzle(s) or valve(s) 9
running through its centre which further extends to the inside of the nontalbrated rotary &urn. 3. The
gas or steam or superheated steam feed pipe (without nozzles or valves) 9 inside the rotating shaft 5
is thermally insulated to prevent any transmission of heat to the rotating shaft 5 and also remains
stationary in its position. The gland of the rotating shaft 5 is well sealed to prevent any steam or gas
leakages even under high pressure. As constant heat is developed during processing of the solid
organic materials in the apparatus, hence to prevent the rotating shaft 5 from seizing; the rotating shaft
5 and its beating or housing is constantly cooled 10by a cooling mechanism. After the solid orgamc
materials is loaded into the non-perforated rotary drum 3, the door of the feeding or removal port 13 is
closed tightly to prevent any leakages of gas or steam even under high pressure. When. the
non-perforated rotary drum 3 is fully loaded with the solid organic 5 materials, the pressure vessel t is
re-aligned to its horizontal position at 180' angle. Gas or steam at a temperature of 120C. to 200C is
admitted inside the pressure vessel 1 till the entire air inside the pressure vessel / is purged out.
Superheated steam with temperature ranging from 450-750 C generated from the steam superheater
7 is then fed via the inlet valve(s) 8 which regulates the now of superheated steam through the feed
pipe fitted with nozzle(s) or valve(s) 9. 20 The feed pipe fitted wnir nozzle(s) or valve(s) 9 extends
through the centre of the rotating shaft 5 into the non-perforated rotary drum 3. The area of contact
between the feed pipe fitted with nozzle(s) or valve(S) 9 and the solid organic materials in the
non-perforated rotary drum 3 will be as minimum, as possible so as to render instant and effective
contact of superheated steam (with minimal loss of heat) with the solid organic materials in the
non-perforated rotary drum 3. The ,superheated steam thus flowing from the feed pipe fitted with
nozzle(s) or valve(s) 9 enters into the non-perforated rotary drum 3 thus coming into direct contact with
the solid organic materials. 30The non-perforated rotary drum $ continues to rotate at 1 to 10 RPM
dunrag the process with 
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mounted on the outer wall of said pressure vessel for indicating the temperarure of the gas or

stream or superheated stsam inside said pressure vessel.

Brief dcscription of the drawings

The ¿dvantages and features of the invention will become more cleatly apparent lrom the

following description which refers to the accompanying drawings given as non-restrictive

examples only and in which:

l0 Fþre 1 illustrates the front view of the apparatus for converting solid organic materials into

carbon or activated ca¡bon having petforated rotary dnrm according to fust embodiment; and

Figure 2 demonst¡ates the front vierv of the uppa.atus for converting solid organic materials into

carbon or activated carbon having non-perforated rotary drum according to secònd

l5 embodiment

Detailed description of the preferred embodiments

Referring to hgure 1, to prevent heat loss, thermal insulation with protective cladding 2 is

provided on the outer '¡¡all of the pressure vessel 1. Before feeding of the solid organic matedals,

the whole pressu¡e vessel 1 along with its accessorics supported on a tilting or swivel suppotr 10

is tilted upwards in the range of 30o angle to 60o angle from its horizontd position at 180o angle.

From the open or close door end of the pressure vessel 12, the soüd organic materials is fed

through the feeding or removal port 13 via the connecting chute 14 into the perforated rotary

d¡um 3 encased inside the.pressute vessel 1. Dudng feeding of the solid organic materiâls, the

rotation of the perforated rotary dnrm 3 is mainained at a specified RPM so as to fâcilitate

uniform feed of the solid otganic mate¡ials throughout the length of the perforated rotary drum

3. Rotation of the perforated rctar¡ dn¡m 3 is by geared motor with belt or chain drive 6 coupled

ro the rotating shaft 5. The outer end of the rotaring shaft 5 housed at centre of the sealed dish

end 4 of the pressute r.essel I is couqled to the geared motor with belt or chain drive 6. The

inner end of the rotating shaft 5 is coupled to the sealed end of the pertbrated rotary drum 3.

The gland of the rotating shaft 5 is rvell sealed to t'revent any steâm or gas leakages even under

high ptessure.
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the continuous flow of superheated steam through the solid organic materials. The consent rotation of
the non-perforated rotary drum 3 at 1 to 10 RPM ensures uniform direct contact of the solid organic
materials with superheated steam. The reaction of the superheated steam with the solid organic
material converts the solid organic materials into carbon or activated carbon.   The reaction gases
generated during the process are continuously evacuated from the prs-  tire vessel 1. The reaction
gases are exited through the gas exit pipe 16 via the outlet valve(s) 17 to the gas treatment unit 1.8.
'The outlet valve(s) 17 is designed to regulate the flow of reaction gases to the gas treatment unit 18
and 2.15Q to regulate the pressure in the pressure 'vessel 1 depending upon the type of process
adopted. The whole process is regulated by controlling the pressure and the temperature with the help
of respective indicators i.e. pressure gauge(s) 19 and temperature indicator(s) 20. A pressure safety
valve(s) 45 is mounted in the pressure vessel 1 to safeguard the apparatus from  0 excessive pressure
build-up during its operation. After completion of the process, the solid organic materials is unloaded
via the connecting chute 14 and through th.e feeding or removal port 13 by tilting the pressure vessel I
downwards in the range of 30' angle.tei 60' angle from its horizontal position, at 180' angle and upon
maintaining continuous rotation of the non-- perforated rotary chum 3. The reaction of the superheated
steam with the solid, organic materials is wholly under endothermic conditions the process being
oxygen-free. Depending upon the nature or quantity or type of the material to be processed, the
position of the non-perforated drum can either be horizontally, at 180' angle or vertically aligned at 90'
angle or at, any other suitable angle. The feed pipe aired with nozzle(s) or valve(s) inside the non-   20
perforated rotary drum need not necessarily be in. a straight line but can also be in -a zigzag manner.
The length of feed pipe at the entry point of the non-perforated rotary drum need not necessarily be
extended inside the non-perforated rotary drum; but can even be restricted at the entry point itself or
can he varied depending upon the nature or quantity or type of the material to he processed. The
feeding port, connecting chute shown in Figure 2 is to facilitate feeding of the solid, organic materials
smaller in dimension. For solid organic materials of larger dimension, the feeding port and connecting
chute can he dispensed with and feeding or charging of the solid organic materials can be done by
opening the conical mouth of the non-perforated rotary drum. Mouth of the non-perforated rotary dram
need not necessarily he cortical in shaped. The size of the apparatus is related to the quantity of solid
organic materials to be processed. The number of  30 vah-es, gauges, indicators mounted depends on
the size of the apparatus. The process and apparatus for converting solid organic materials into
carbon or activated carbon is also used in the was tff processing industry.  Reference numerals:
1.Pressure vessel; 52.Thermal insulation with protective cladding for pressure vessel; 3. Rotary drum
(perforated & non-perforated with conical mouth); 4. Sealed dish end; S.Rotating shaft; 6.Geared
motor with belt or chain drive coupled to the rotating shaft; 107.Steam superheater (non-integral part); 



l0

l5

20

2s

30

wo 2010/058408 PCT/rN2008/000774

.A.s constânt heat is developed during processing of the so[d organic materials in the apparatus,

hence to p..n..ti the rotating shaft 5 from seizing; the rotating shaft 5 and its bearing or housing

is constantly cooled by a cooling mechanism. After the solid organic materials is loaded into the

perforated rotary dn¡m 3, the door of the feeding or removal port 13 is closed tightly to prevent

any leakages of gas or steam even under high pressure. When the perforated rotary drum 3 is

fully loaded with the solid organic materials, the pressure vessel I is re-aligned to its horizontal

position at 1800 angle. Gas or stearn ât a temperature of 120oC to 200 "C is admitted inside the

pressute vessel 1 till the entire ai¡ inside the prcsiure vessel 1 is purged out. The superheated

steam with temperanüe tanging from 450 to 750oC generated from the steâm superheatet 7 is

then fed via the inlet valve(s) 8 which tegulates the flow of superheated steam through the feed

pipe fitted with nozzle(s) or valve(s) 9. The feed pipe ñtted with nozzle(s) or vah'e(s) 9 is

anchored below the perforated rotary drum 3 inside the pressure vessel 1.

The gap between the feed pipe fitted with nozzle(s) or valve(s) 9 and the perforatèd totary drum

3 urill be as minimum as possible so as to render instant and effective contâct of superheated

steam (witti minimâl loss of heat) with the solid organic materials in the perforated r<¡tary drum

3. The superheated steam thus flowing from the feed pipe fitted wrth nozzle(s) ot valve(s) 9.

enters into the perforated rotary drum 3 (through the perforated mesh or screen) thus coming

into di¡ect contact with the solid organic materials. The perforated rotary drum 3 continues to

rotâte at 1 to 10 RPM dudng the process with the continuous flow of superheated steam through

the solid organic materials. The constant rotation of the perforated rotary drum 3 at 1 to 10 RPlvf.

ensures uniform di.rect contâct of the solid organic materials with superheated steam. The RPM

varies depending upon the type and nature of the solid orgnic material to be processed.

The ¡eaction of the superheated steam with the solid organic matenal converts the solid organtc

materials into carbon or aitivated carbon, The reaction gases generated during the ptocess are

continuously evacuated ftom the pressure vessel 1. The reaction gases are exited through the gas

exit pipe 16 via the oudet valve(s) 17 to the gas treatrnent unit 18. The outlet valve(s) 17 is

designed to regulate the flow of teaction gases to the gas treatment unit 18 and also to regulate

the pressure in the pressure vessel 1 depending upon the type of process adopted. The whole

process is regulated by controlling the pressute and the temperature with the help of respective

indicators i.e., pressure gauge(s) 19 and temperatÌr¡e indicator(s) 20.

t2

3.Inlet valve(s) for gas or steam or superheated steam; 9. Feed pipe fitted with nozzle(s) or valve(s)
[inside prissure vessel]; 10. Tilting or swivel support for tilting of the whole pressure vessel along with
its accessories; 1511.Cylindrical rollers; 12. Open or dose door end of the pressure vessel; 13.
Feeding or removal port; 14. Connecting chute; 15. Pressure safety valve(s); 2016.Gas emit pipe;
17. Outlet valve(s) for gas exit; 18. Gas treatment unit (a separate unit) 19. Pressure gauger,*       20.
Temperature indicator(s). 25 Though the present invention was shown and described with reference to
the .preferred enthodiments, such are merely illustrative of the present invention and are not to be
consumed as limitation thereof and various modifications of the present invention wilf be apparent to
those skilled in the art. It is therefore not intended that the present invention be limited to the  31)
disclosed embodiments or details thereof, and the present invention includes all variations and/or
alternative embodiMents within the spirit and scope of the present invention as defined by the attended
WO 2)1105840gPC:TaMil0/000774 
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A ptessute safetyvalve(s) 15 is mounted in the pressure vessel 1 to safeguard the apparatr:s from

excessive pressure build-up during its operation. After complerion of the process, the solid

organic matedals is unloaded via the connecting chute 14 and through the feeding or removal

port 13 by tilting the pressure vessel 1 dorvnwards in the range of 30o angle to 60o angle from its

horizontal position at 180o angle and upon maintaioing continuous totation of the pedotated

totary drum 3.

The size of perforations in the peiforated rotary drum varies in accordance ',¡¡ith the nature or

type of solid organic materials to be processed. The feed pipe with nozzle(s) or valve(s) need not

necessarily be located below the perforated rotary drLm, but can be at any other located point

depending upon the size oF the apparatus. The feed pipe need not oecessarily be in a straight line

but can also be ín z zigzag manner. The feeding port, connecting chute shown in Figure 1 is to

facilitate feeding of solid organic materials smaller in dimension. For. solid organic materials of

latger dimension, the feeding port and connecting chute can be dispensed with and feeding and

charging of the solid organic materials ca¡r be done by opening the conical mouth o[ the

perfotated rotary dnrm, The mouth of thc perforatcd totary drum need not necessarily be

conical in shaped. The size o[ the apparan¡s is related to thc quantity of solid otganic materials to

be processed. The number of valves, epuges, indicators mounted depends on the size of the

apparatus.

Referring to figure 2, to prevent heat loss, thermal insulation with protective cladding 2 is

provided on tlie outer wall of the pressure vessel 1. Before feeding of dre solid organic matprials,

the whole pressute vessel 1 along with its accesso¡ies supported on a tlting or s'vivel support 10

is ulted upwatds in the range of 30o angle to 60o angle from its horizontal position at 180" angle.

From the open or close door end of the pressure vessel 1.2, the solid organic materials is fed

thtough the feeding or removal port 13 via the connecting chute 14 into the non-perforated

totary drum 3 encased rnside the pressure vessel 1. During feeding of the solid organic materials,

the rotation of the non-perfotated rotary drum 3 is maintained at a specified RPM so as to

facilitate uniform feed of the solid 'organic materials throughout the length o[ the non-perforated

rotary drum 3. Rotation of the non-perfo¡ated rota¡y dn¡m 3 is by geared motor with belt or

chain d¡ive 6 coupled to the rotating shaft 5.

The outer end of the rotating shaft 5 housed at.centre of the sealed dish end 4 of thc pressure

vessel 1 is coupled to the geared motor with belt or chain drive 6, The inner end of the rotaring

l3

AMENDED CLAIMS received by the International Bureau on 04 March 2010 (04.03.2010) A proems br
convert-Mg solid organicwails into carbon or acd rated carbon, compaisinr, the steps of 5:: (1)tilting
upwards the pressure vessel having feermal insinadon along with .ts acceasories supported on a tilting
or swivel support, (o)feeding the solid organic triate.dal5 to be processed through the feeding or
removal. port via the connecting chute into the perforated or non-perforated rotary drum ersciteed
inside the      pressure vessel and upon maintaining continuous rotation of the perforated or
nsn-perforated 10 rotary drum;       realigning tht pressure vessel to its honzontal position when the
perfotated or non-perforated rotary driun is fully loaded with the solid organic materials; (d)feeding gas
or stiann Side the pressure vessel till the entire sit inside the p:rssure vessel Is wholly purged out; 15
(e)feeding superheated steam at a temperature ranging from 450 C to 7505 C eon. um* via the inlet
valve and through the feed pipe fitted with nozzles or valves into the ?et-formed or non-perforated
rotary drum thus the superheated steam manes into direct contact ,vith the solid organic enaterktl such
that the motion of the superheated stmrrt with the solid Otgarde sterki      is wholly under oxygen-free
endothermic condition and the process is done at a pm isure ranging 20 &ern 1 co 5 ban 
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shaft 5 is coupled to the sealed end of the non-perforated rotary drum 3. Fot non-petforated

drum 3, the rotating shaft 5 has gas or steam or superheated steam feed pipe fitted with nozzie(s)

or valve(s) 9 running through its cent¡e rvhich further extends to the inside of the non-petforated

rotary dnrm 3. The gas or steam or superheated steam feed pipe (rvithout nozzles or valves) 9

inside the rotating shaft 5 is thermally insulated to ptevent any transmission of heat to the

rotating shaft 5 and also remains stationary in its position. The gland of the rotating shaft 5 is

u¡ell sealed to prevent any steam or gas leakages even undet high pressr¡re. As constant heat is

developed during processing of the sohd organic materials in the apparahrs, hence to prevent the

rotating shaft 5 from seizing; the rotating shaft 5 and its bearing or housing is constandy cooled

by a cooling mechanism.

After the solid organic materials is loaded into the non-perforated rotary drum 3, the door of the

feeding or removal port 13 is closed tightly to prevent any leakages of gas or steam even under

high pressure. \üØhen the non-perforated rotary drum 3 is fully loaded with the solid organic

materials, the pressure vessel 1 is re-aligned to its horizontal position at 1800 angle. Gag or stcâm

at a remperature of 120"C to 200oC is admitted inside the pressure vessel 1 till the enti¡e air

inside the pressure vessel f. is purged out. Superheated steam rvith temperature rânglng from

450-750" C generated from the steam superheater 7 is then fed via the inlet valve(s) I which

regulates rhe flow oF superheated steam through the feed pipe ûtted 'rrth oozzle(s) or valve(s) 9.

The feed pipe fitted with nozzle(s) or valve(s) 9 extends through the centre of the rotating shaÊt

5 into the non-perforared rotary drum 3. The area oF contact behveen the feed pipe fitted with

nozzle(s) or valve(s) 9 and the solid organic materials in the non-perforated totary drum 3 will be

as minimum as possible so as to render instarit and cffective contâct of superheated steam (with

minimal loss of heat) with the solid organic materials in the non-perForated rotary dtum 3. The

superheated steam rhus Flowing from the feed pipe fitted wrth nozzle(s) or valve(s) 9 enters into

the non-perforated rotary dnrm 3 thus coming into di¡ect contâct u¡ith the solid organic

materials.

The non-perforated rotary drum 3 continues to rotate at 1 to 10 RPM during the process with

the continuous florv of superheated steam through the solid organic materials. The constant

rotation of the non-perforated rotary drum 3 at 1 to 10 RPM ensu¡es uniform direct contact of

the solid organic materials with superheated steam. The reaction of the ..rþ.rheated steam with

the solìd organic material converts the solid organic materials into ca¡bon or activated carbon.

l4

(.1)rotating constantly the perforated or non-pinforared toter/ drum by geared belt or chain drive
coupled to the rotting shaft for ensuring irliforria direct contact between superheated steam and the
solid organic mateidals wileset the perforated or nc.n.perforated rotary drum is maintained in rotation
in the range of 1 to 10 RPM, 25(g)evacuating continuously the generated reaction gases from the
pnnaure v ssel through the gas exit pipe via the outlet valve to the gas trmtment unit; (11)unloading the
processed material i.e. carbon or activated carbon on completion of the prooms from the perforated or
non-perforated rotary i.inuri is the oasinecnn4 chute and through thc feeding or retirsoxral port by tilting
the pressure vessel downwards and upon tnainitert. g continuous rotation of the perforated or
non-perforated rotary churn.        The process aa claimed in claim 1, wherein in step (a) the p MS1E:ft
vessel along with its accessodes is tilted upwards in the range of 30 angle to 60' angle from its
horizontal position it 180* angle and in step (c) the pressure vessel is realigned at 180' angle. 17  WO
2010(038408pcniN2003/000774 3.The process as claimed in claim 1, wherein at amp (d) as or steam
admitted at temperature between 120C co 200t. 5 4.The process as claimed in Sim 1, wherein at step
(e) superheated steam at a temperature =Ong from 450C to 750C is fed via the inlet valve and vide
the feed pipe &red with nozzles or vah-es into the perforated or non-perforated rotary d.titura. 5,The
process as claimed in claim 1, wherein at step (b), 0) and (b) the perforated or non 10 perforated
rotary dnarn is rotated constantly in the range of 1 to 10 RPM. 6.The process as Ciairath in clSalltl 1,
wherein entire proetas is regulated by control/ing the 
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The reaction gases genetated during the process are continuously evacuated from the pressure

vessel 1. The reaction gâses âre exited through the gas exit pipe 16 via the oudet valve(s) 17 to

the gas tteatment unit 18. The outlet valve(s) 17 is desþed to regulate the flow of reacrion gases

to the gas treatrnent unit 18 and alsq to regulate the pressure in the pressure vessel 1 depending

upon the rype of Process adopted. The whole process is regulated by controlling the pressure

and the temperature with the help of respective indícators i.e. pressure gauge(s) 19 and

temperature indicator(s) 20.

À pressure safery valve(s) 15 is mounted in the pressure vessel 1 to safeguard the apparan:s from

excessive pressure build-up during its operation. Aler completion of the process, the solid

organic materials is unloaded via the connecting chute 14 and through the feeding or temoval

Port 13 by tilting the pressure vessel 1 downwards in the range of 30" angle.to 60o angle f¡om irs

hoirzontal position at 1800 angle and upon maintaining continuous roþtion of the non-

perforated rotary drum 3. The teacdon of the superheâted steam with the solid otganic matedals

is wholly under endothermic conditions the process being.oxygen-free.

Depending upon the oature or quantiry or type of the material to be processed, the position of
the non-pertbrated d¡um can either be horizontally.at 180" angle or vertically aligned at 90o angle

or aq any other suitable angle. The feed pipe fttted with nozzle(s) or valve(s) inside the non-

perforated rotary drum need not necessarily be in a straight line but can also be in a zigzzg

mânner. The length of. feed pipe at the entry point of the non-perforated rotary drum need oot

necessarily be extended mside the non-perfotated rotâry drum; but can even be restricted at the

entry Point itself or can be vatied depending upon the nature or quandry or tJ?e of the material

to be processed. The feeding pott, connecting chute shown in Fþre 2 is to facilitate feeding oF

the sotd organic materials smaller in dimension. For solid organic materials'of larger dimensìon,

the feeding port aod connecting chute can be dispensed with and feeding or charging of the solid

organic materials can be done by opening the conical mouth of the noó-perforated rotary drum.

Mouth of the non-pe¡forated rctety drum need not necessarily be conical in shaped. The size of
the appararus'is related to the quanúry of solid organic materials to be processed. The number of
valves, gâuges, indicators mounted depends on the size of the apparatr-rr. ih. process and

aPPatatus for conve¡ting solid organic materials into carbon or activated carbon is also used in

the u¡aste processing industry.

t5

pressure and temperature with the help of respective indicators, 157,The process as claimed in c'aire
6, wherMii the efacienes: of the process aid the quality of the product are aintrolled by varying the
rotation of the perferated or fatal-pa related rotary drum, pressure or temperature of gas or steam or
super heated steam, flow rate of gas or steam or superheated stew b, time or duration of the process
wholly onder o%.iigita-fteie endothermic condition. 20 8.Asi apparatue for converting solid organic
naatenals ham carbon or acti-rated carbon, comprising;        a pressure vessel h.oriematially mounted
on tilting or swivel support for isp and down tilting movements; 25a perforated rotary drum having a
conical mouth. encased nati.de said pressuie VE:554; seated dish end artaclied to said pressure
vesselsi one et id.;        a geared motor with belt or chain rHve is coupled to slid rotatie.g shaft 'ride
pulley or chain sprocket           a rotating shaft mounted at the center of said sealed dish end and RPM
of said rotating 30shaft a between 1 to 10 and is regulated by varying either the speed of said geared
monis or the tbsThrerisiorci of the poky or chain sprocken       a steam super heater for generating
superheated *..ifmaa at a temperature between 450 C to 750 C such that reaction of the superheated
steam with the solid organic rnateziai is wholly under oxygicn-free endothermic condition And the
pressure maintained in the apparatus is in the 35ran.ge of 1 to 5 ban 18     et least one inlet valve fitted
to said sealed dish end for rcrIatht,g the %yet heated steam; at least one feed pipe having noezles or
valves is planted below the whole length of said pezfortated rotary drum; 
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Reference numcrals:

1. Pressure vessel;

5 2. Thermal insulation with protective cladding for pressure vessel;

3. Rotary drum þerforated & non-perfotated with conical mouth);

4. Sealed dish çnd;

5. Rotating shaft;

'6. 
Geared motor with belt or chain drive coupled to the rotating shaft;

l0 7. Steam superheater (non-integral part);

8. Inlet valve(s) for gas or stearn or superheated steam;

9. Feed pipe ftted with nozzle(s) or valve(s) [inside pressure vesseq;

10. Tilting or swivel support for tilting of the whole pressure vessel along with its

accessoñes;

l5 11. Cylindrical rollers;

12. Open or close door end of the pressure vessel;

' 13. Feeding or removal port;

14. Connecting chute;

15. Pressu¡e safery valve(s);

20 16. Gas exit pipe;

17. Outlet valve(s) for gas exit;

18. Gas trealment unit (a separate unit);

19. Pressure gauge(s);

20. Temperâtureindicator(s).

25

Though the present invention was shorvn and described with reference to the preferred

embodiments, such are merely illustrative of the present invention and are not to be construed as

lìmitation the¡eof and various modifìcations of the present invention will be âpparent to rhose

skilled in the art. It is therefore not intended that the present invention be limited to the

30 disclosed embodiments or details thereof, and the present invention includes all variations

artdf or alternative embodiments within the spirit and scope of the present invention as defined

by the appended claims:

l6

at least one cylindrical roller Eor mtpparidng and 'Keeping said conical month end of said 5pmfenared
rotary drum centrally aligned for teticitng freely inside said prtasure nasal; an open or close door end at
another end of said pressure vessel 63r feeding or removing solid organic materials into or from said
perforatexi rotary dram;        a feeding or removal port centrally located on said open or dose eo.or end
for feeding or removing solid organic materials into o.. from said perforated roeny dnam 10a
conrieceng chute having smaller diameter than said coni-al month of said perforated &try titurn for
facilitating free rotation of said pen-tinted rotary drum ditdag feeding de removal of the solid organic,
materials;        at least one prentsge safety valve is inOnnted on said ptessure vessel to .miegussici
said apparatus &ern excessive pressure build-up during its operation; 15a as ant pipe is fitted on said
sealed dish end fcfrs out aow of ecaclion giaesgenerated from 'aid rireasare vessel;       at least one
outlet valve fitted to said gas exit pipe for reguladng the presstt e and flow of reaction gases
Fuca-aLed during the processing of the solid organic inaterkis; a gas fteattnelt Unit for minting the
generated =cum gases; 20at least one pressure gauge mounted on the miter wail of said pressure
vessel for indicating the pressure level in said pressure vessel; and        at Sat one temperature
indicator mounted on the outer wall of said prest me vessel for indicating the temperature of the gas or
steam or superheated steam or reaction &lien inside said pressure vessel, 25 9,The apparatus as
elairned in claim 8, wherein outer surface of said pleseure vessel 
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AMENDED CLAIMS
rece¡ved by the lnternational Bureau on 04 March 2010 (04.03.2010)

I' A process fet converting solid org',roic mztcti,.¡ls into carbon or acti¡ated ca¡6on,
cornp;isin.g rhc stcps of:

(t) tilting upwar'ls the pressute vcssel having the¡rn¡rl insul¡tíon alo'g with . Ëi accessories
supported on a tiltin¡1 or swjvd suppolq

G) feeding the s<ùíd organic materials to be processc,t thror,¡¡h thc feeding or renoval pon
vi¿ thc conoecting drutc into the perforated or non-perfi>raæd roèary dr¡Ír ence¡ed inside rhc

Plessuße vessd and rgon mainr¡ini.g continuous ¡ot¡tiorr of t'he perforarcd or n>n-peforatcd
rotzry dnrm;

(") tcaliping thc pressute vcssel to its horizont¡l position shcn the perforated or ¡ron-
pedomred roary dru¡n is fully loaded with tl¡e solid orgenic meteials;

(d) feeding gâs ot steam inside the ptcssule vessel till rùe cntite air inside rüe p:essr:re vessel

is whotly putged ouc¡

G) feeding superlreated stean¡ at a temperatr¡¡e rangin¡¡ from 450" C to 75Oc C cond.ouously

vi¿ the inlet valve ancl through dre fecd pipe Erted r¡rith nozzlqs or valves .into thc ¡crfo¡etcd o¡
soq-pcrfotated rotary d¡r¡m thus the supetheatcd steam cornes ioto dircct contect.vith the solid

organic ¡nate¡-¡ls sud, tl¡¿t the ¡eaction of the supcrheatcrl steam with the solid or¡pnic qrat¿çrl

is wholly undcr oxygen-Êec errdothesnic condition and tü,r: process is dont: at a pre ;sure ralr$ng

Ëom1co5bar,

(f) toLlt¡ng const.rntly the perforatcd or aonprrfoft¡t(:d rotar\¡ drum l>y gcaretl moto¡ with
bslt ct chain dtive c('uPled to the rotating shaft for ensl'ring ur:ifo¡m di¡ect conlact betweea

superheared stezìm af,d thc solid organic ¡¡1¿f,çials w*reclin tbe pedorat:d or nc,n-pcrforatcd

rotarf dnrm is mainained in rotation in the range of I to 10 RPM

(g) cvaruating corrtinuously the genemted reaction gases fron rhe prr:ssurc vrsscl through

the g"s tlcit pipc vi¿ thc oudet r¡alvc tO the ges featnent uni!
(lt) unloading the ptocessed m¿tetial i.c. catbon or activated ca¡bon on comptetion of the

Psocess from the peeforated or noa-perforated roarf <lrurn ria thc o>n¡rcctis¡ chute and

through thc feeding at ternoval port by tílting the pr.:ssure vessel dr>rpnrlra¡ds and upon

maintaining continuor:'s ¡otation of the pcrforatcd o¡ non-perforatr:d rotary dnrm.

2. The process ar¡ claimed in cl¿im 1, whercin in stcp (a) the pcessure vessel along r¡¡ith its

accessories is tilted upwards in the tange of 30c angle to ('0o angte Êoo irs ho¡izont¡lposition

ár 180o angle and in st,:p (c) tüe pressure veseel is ¡e.ligned 'rt lB0" .urglc.

17

AMENDED SHEET (ARTTCLE 19)
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including sealed dish end, open or close door end are iarapped or covered witl, high density theremd
inn/Arlon with protrzthe cladding to prevent or reduce heat loss and extorts! danaagt, 3010.The
apparattii as claimed in claim 9, wherein said perfonttect rotary drum is mounted bonze:m.11:y with
one end sealed and coupled to said rotadng shaft and the other sad sipported on cylindrical rollers to
rotate freely inside said pressure vessel and said petforated ,.otary drum is a cylindrically shaped drum
made of perforated sheet or mesh. 19  WO 2010/058408PCD1N2008/000774 itThe apparatus as
claimed in claim 10 wherein the annular space between iaid perforated rotary drum and said pressure
vessel is kept minimum and one end of said perforated rotary drum is sealed and connected or
coupled to said rotating shaft and other end of said conical mouth end of said perforated rotary drum is
for feeling or removal of solid catanic materials 5 into Cr from said perforated rotary drum. 12.Tie
apparatus as claimed la claim 11, ',wherein the miter end of said tOiltitl;;;; shaft housed at rhe came of
the aealed dish end of said pressure vessel is coupled to said gearid motor with belt or chain drive and
Melons end of said rotating shaft is coupled to the seated end of said 10 perforated rotary drum and
the gland of said totaling shaft is seated to prevent lealage.s of gas or steam or superheated steam or
=CUM} gases under high preesme and said rotating shaft is Constantly cooled by cooling mechloisra
to prevent from searing during processing of the solid organic material  1513,The apparatus as
claimed in claim 12, wherein said sealed dish end houses said geared motor with bait or chain drive,
said inlet vsivoutlet valve, said pressure gauge and said 



l0

t5

20

25

30

35

wo 2010/058408 PCT/IN2008/000771

3. TTre process as daimcd iÈ cl¡im 1, wherein at step (,Ð gf,s or stca6 is admitted at

terrperetur€ between 120"C ro ãX)oC.

4. Thc procesr :rs cl¿irned irr claim 1, whe¡ein at step (e) superhealed stcam at e te¡rrp€(atuse

mngng fton 4500C to 7500C is fed via the inl* valve a¡,f wide rhe feed ¡,ipe Etre,l with nozzlcs

o¡ vab¡es into the pcrforatcd or non-petfo¡atect ¡ota¡y dn¡¡n.

5. The process:rs daimed io dâim 1, whcrein at Etep$ þ), (f) and fr) thc ¡rcrftrratcd or ûoû,

pcrforatcd rotary dn¡m is ¡otatcd constantly in the ranç c,f1 ro l0 RpM.

6. Thc proccss ¡rs clained iû dâira 1, whcrcin cndre ¡rrocecr i¡ cegr¡tnted by conttolling the

ptessu:e ¡1d ¡mperahue with the hdp of respectþe indicrnors.

7. The process rrs daim.ed in daim 6, whereia thc ef.6cieao' of thc F,roceõs ard the çaity
of thc ptoduc[ are c('ntrolled by ve¡ting the rotation of the petf,rrated or non.petforated totat7

dfl¡rr\ pressure ot tstqpcratrrre of ps or stee¡n or supsE heated stearr\ flow rate o,-gls or stsen

or su¡rcrheated stean¡ time o¡ dr¡¡atios of ths proccss r'holly rndct oxtrgcn-frce endothetr¡ric

conditioa.

8. An apparatus for conve<ting solid organic tuatcrials inrr¡ carbor, or acti-¡¡ted cs¡borà

comprising:

a press\te ve ssel horÞoncally mouaced on tiltinp or swivcl support for '¡p and down

tilting movemerrts;

a pcrfogted rotâry dÐto hâEftg ¿ coai¡xl mouth errcased insidc sail pressure vessel;

¿ sealed dìsh rud attached to said pr€ssulevessel at one erul

a geercd rnotcr with belt o¡ chain drive is coupled to seid rotatir.g shaft .¡ide pulley or

drain sprockcg

a rotariat shaft mounted at the center of said sealed dish cnd a¡d RPM ol'said totetiÈg

shaft is ber'¡req¡ I to 10 and is regulated by varying eithe¡ the spr:ecl of said geÉ¡cd motor or the

dirner¡sioos of the pulley o¡ chein sprockeq

â steâlrl super'heatú fot generatiag supetheated slear¡ ât â tcEp€rzh¡re beusecri 4500 C

to 75C" C ¡uch that rcaction of the supedrcatcd stea¡n with the solid org'raic ¡¡¿¡,.riel is wholly

under oxy.qen-free eodothe¡mic condition ànd the pressure mainr¡úned in the appacatus is in thc

rangeof1 to5baç

18
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temperature indicator.             The apparatus as chin-red in claim 8, wherein said steam superheater
and as treatment 20 nnit n non-integril parts of said apparatus. 15.The apparatus as chimed in claim
14, wherein the supetheared steam gene.rned from said steam superheater flows through said feed
pipe placed below the whole length of said perforated drum inside said pia*SUL'd vessel and
thereafter through nozzles or valves and the nozzles or 25  valves in :;aid feed E'ipe are arranged to
provide uniform distribution of .superheated steam at equal temperature and pressure through the
whole length of said perfonteid rotary drum and the superheated steam comes into direct contact with
the solid mg-wile materials during processing inside said perforated rotary drum, 30 16.The apparatus
as claimed in claim 15, wherein said appattrus is mounted on the tilting or swivel support and for
feeding the solid organic material inside said perforated rot iry drum, said pressure vessel is ditisal
upward in the range of 30 angle to 60 angle from its bona ontal position at 180' angle with either the
door of said pressure vessel or said feeding or removal port in open position depending upon the
dimension of the solid organic materials and during processing of 35the solid organic materiaLs, said
pressure vessel with said perform ed rotary drum is maintained in 20  WO
2010/05840gPCT/IN2008/000774 the horiacntal position t 180 angle and for removing tlw solid .flganic
materiels, the whole said pv_.,k, vessel is downehed in the range of 30 angle to 60 angle from its
horizontal position at 180 angle.  17. The apparatua as claimed In claim 8, wherein said cylindrical
rola" are fitted on to the inside walls of said pressure vessel so as to share and balance the load oir
said pea formed toasty drum with the solid organic materials to ensure smooth rotation of said
perforated rotary churn.  18. The appatithis as claimed in claim 9, wherein said open ot close door has
a feeding or 10 rentnoesd poet with connecting chute at its centre for feeding ih removal of dat solid
organic materiels of analler dimension and the conical tnouth end of said perforated 3 otsxy arattri is
opened for feeding or removal of the solid organic materials of Erg= dirilorlti,  19. The apparatas as
claimed ha claim 18 wherein said Feeding cr removal port has a 
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at leest one iilct vdve Etted to said scalcd dish en,I for tcgulating the supc heatcd stcao;
s,t least one lèed pipe having nozzles o¡ valves is pleced below thc whole lcngth of said

perfolated rot¡ry dn:m;

at least ooe trylindrical rolle¡ fo¡ zupp.>rting and heepi:og said conical mourh ead of s¿id

5 prrfo;atcd tota¡y drl:m cenually a¡igned for rcati.B freely inside said. prcsriurc vcss$
an oPen or ciose door ead at atrothc¡ e¡rd of said llressu¡: r'esscl firr feeding or retnoving

s6lid r-rrgânic rnatc¡ials into or Êosr said perforated roøry dnrtn;

a feediog os ¡:eoo\nal port centrally locatcd on sai<l operi ,)r dose ioo¡ eod for feeding or

¡¡5¡er.ing solid orgznic s4leriale into oc ftom sgÍd perforated rorrry dnn;
l0 a connecring chute having smaller diamerer tha¡ said conicel mor¡th of said perforated

rotary dn:rn for facilitating Êce totetion of said perforated r.otafy dn:rn drgrg fee.ling ot
rc¡aor''al ofl the solid .rrganic rnaterials;

at .least oûe l)ressute s*fety valve is mounted on said pressrrte w:ssel tq 'rafquard seid

appar¡n¡s ftom excessþe prcssu¡e build-up ¿l¡rring its operad,on;

15 a gas txit pipe Ís fitted on said sealed dish end fcrr out llow of ¡eaction g.€es gcncreted

from r;aid pressure vtssel

at least one outlet valvc Êtted to said g'rs odt pipe for regulating the pressu:e a¡¡d 0ow of
reacrioo gnse$ gericratad dtüing üre processiog of tbe solid organic E¡¡t."iâ [s'

a gas tEe¡t¡ûeit,'nit for tteadng the geneatcd rêection ga:ies;

Z0 st least one pressure gsugc mounted on úre outff crall of said prcssrrre vcssel for

indicating tfre pressure level in said prcssure vrssd and

at ieast oûe t,:spereb.Ec indicator mouûted on tå,: outer wall of said preslure vessel fot

indicating the terrpa'anre of the gz¡s o! stcar¡ or su¡rerhe*ted ste anr o¡ rqrcdon ga;es inside said

pressure r¡cssd.

25

9. Thc apparanrs as chirncd in dâim 8, whetein outet r:u¡face of said p:essure vessel

including sealed dish end, open or dose doot end atc rrrrappe,l or covrsed wid, high density

thùrnal insulatioo with protective cladding to p!Ër/cnt ot reduce Ìtuzt loss a-od cxterral daroage.

30 10. Tl:c apparatus as clai¡n¿d in d¿im 9, wherein said perf>erted ¡otary dn¡¡n is úouûted

hqdzontâIlv with osr' end sealed and coupled to said rouring slurft and tbe otùer rlrd supportcd

oa cylindncal rollers to totate freely inside sâid pressure v(:ssel a¡¡cl said peforared :otary dn:m is

a cylindricnlly shaped dnrm r¡¡d¿ ofpctforatect sheet o¡ rnesh.

19
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15 retractabie connecting chute to link or conceal said conical mouth end of said pecforared rotary tier,
through which the solid organic materials flows and the :loot of said feeding or removal port is
designed to withstand high temperature, pressure and has a staling median sret to prevent any
leakages. 20 20.The apparatus as chimed in claim 19, wherein said. connecting chute is of retractable
type and facilitates the lisde between the feeding or removal port and said conical ma de end of said
perforated rotary riciam and during .feecling or removal of the iolid orginic materiels is linked with said
connecting chute. 2521.The apparates as claimed in claim 8. wherein said pressure vessel. said
perforated rotary dame said rotating shaft and said connecting chute are cyiincEad in shape.  22. The
apparatus as claimed in claim 8, wherein said pressure vessel, said perforated rotary drum said sealed
dith end, said cylindrical rollem, said open or dose door and said connecting 30chute sea ramie of
either mild or stainless steel of thick wailed metal with a non-corrosive, heat, acid and chemical
resistant inner lining to withstand high temperature and pressure,  23. The apparatus as claimed in
claim 21, wherein said rotating shaft is made of hardened mild or stainless steli. 35 21  WO 20
W058408PCMIN2008/000774 24,The apparn 5 ascii:Feted in claim 22, wig:nein sige of du:
perforations of said perfonted rotary drum varies in accordance with nature and type of solid organic
traatenaa tt be processed and siae of said apparatus caries in accordance 'aids the quantity of solid
organic raatenals to he processed, 25.An epparatan for converting solid organic materials into carbon
or actimted earbon, comprising: 
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11. The apparanrs as claimcd in .l'i- 10, wherein thr:. ann¡¡u' spacc betweco r.aid perforeted

rotaÐ' drum a¡rd said Prcssute vessel is kepr minimrtttt and onc end of said pelforated rotary
d¡:m is sealed s¡d coonected or coupled co said rctaúrg shsft and othe¡ ead r¡f said conical

mouth enc{ of said ¡rcrforated rot¿ry dn¡s¡ is for feedin¡¡ or ¡elnoval of solid oq¡aaic mareri¡ls

into cr Êr¡t¡ said pelforated rotary d¡¡ra.

12. ll}e apparatu's ac cleimed in claim I 1, urhcrein the outer rud of said forârin.3 shaft houscd

at thc cr¡rtrc of thc :¡ealed dish cnd of said pressure vessr:l is corpled to uaid gear:d motor with

belr c¡ chain ddve aod the'inner end of said rotating shr¡ft is coupled to the scal:d end of said

perforatc'd rotery dnrrrr and the glaad of said rctâting sh¡l t is sealccl to prrv<lrrt lezl:ager of gas or

stearr or superheated stes[i o! ¡eact(or¡ gases under túgh pte:nrte ancì said toÈeting shaft is

constaritll¡ cooled by coolirg mcch¡¡ism to prcvÊnt Êoor scizing ,tud¡¡g proccssirrg of the solid
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organic material

13. Tl':e apparatrrs as

motor r¡¡ith bdt or r;hain

tcûrpe¡en¡re indicato c-

dâimd in claim 12, wherein srúd sealed dish end housss said geared

drive. said inlet velvq srid outlet velr-c, said prcssu¡e gauge and said

35

7+. Tle apparahs as deitned iq ¿l¡im 8, wheteia sairl stea¡rr superheater alld gFs trcâtcrcnt

uoit r-e non-integtel parts ofsaid appa¡ah¡s.

15. T.l:e apparatu$ âs daimed in clqiñ 14, whereio the superheated stea¡¡ gcnerÌted ftom said

stcam superheatet f,owÊ thrcugh said fced pipe placed below tl¡e wholc ler.rgth of -.aid pecforated

drum insitlc said pnrsrrre vessel a¡.d thereafter tLrough nozzlós or valves aod thc oozzles or

vaþes in said feed t'rPe a¡e arrangcd to providc u¡ifou¡¡ discil¡ution ol'superhretcd st¡^t'r ar

equal ceur¡reratu¡e a¡¡d Pressur€ trcugh the whole length of said pcrfotatt..d rotary dlum and tbe

supedreatcd steâ¡n o>nes into direct contsct with the solid otglrúc oarerioJs d*iog pmcesoi"g

inside seid perforatc<l rotsrl druE.

16. Thc a¡lpatarus as clai¡ncd i! dâim 15, wherein sairJ appar:rws is m<¡usted o:r the tilting or

søivd su¡rpon aqd fir¡ f¿¿Áìng tbc solid organic mâterid ioside s¡id perforatcd rotrry dnrm, said

pressrûe vessel is tiltrd upurerd in the raage of 30o angle to 60o argle Êom its ho¡izoqtal position

at 180ø an.eJe with eirher the door of said preõ$ute vessel r.r¡ s¿id ¡'ec¿l¡ng oc re-toval port in opcn

positic,n depcrding trpoo rhe rlim6qsiqr¡ of the solid orgrnic m¿terials and duting processing of

the sclid organic materials, said pressurc vcsscl rvidr said ¡:'erforar ed roÞry dn:a is ñr^int-ins! ir¡

20
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ss pressure vessel hurlronally mounted on tilting or sravol support for silp and down rooseartents; 10a
non-perforated rotary drum baying a conical tztouth encted inside sati pr :MUM Yeaaat9 a sealed dish
end arsched to said pressure vend at one PS4        a geared motor with heir or chain drive is coupled
to said rotating shaft side pulley or Chain 9-procket          a rotating dna mounted at the =ter of said
sealed dub ond and RPM of said rot:long 15shaft is between 1 res 10 and is regulated by varying
eirhex the stated of said geared motor or the dime:Sores of the pulley or eta.. sprocket        a steam
super heater for generating supaheated starn. at a temperature, between 450 C to 750' C qua: that
reaction of the ruperleasted stain wilt the tailid organic material is wholly under e-saygth-Eee
endothermic condition and the prewar maintained in the appas anis is in the 20 tinge of 1 to is ban at
last one inlet yakia fitted to said sealed dish end far rcgAp.d.tag the roper heated stearm        at low
one feed pipe having ticales or valves inside said 5097-perforated minty drum is placed at the ammo
of said restating shaft and ettenads to the whole length inside of said non. perfonted rotary damn, 5aid
feed pipe inside the rotating shaft is thermally irtatilarsd to prevent 25transmission of heat to the
rotating shaft and canals stationary, at last one cylindrical roller for supporting and keeping said
conical mouth end of said nomperforated rotary dram centrally aligned for rotating freely Inside said
pressure esael;       an open or dose door end at another end of said pressure vessel for feeding or
removing solid organic Matt:5218 Late OX from said non-perfonited rotary drum; 30a feeding or
removal port cent-ally located on said open m dose door end frit feeding or removing solid organic
mattgials into or from said non-perforated rotary dome       a connecting ehtite having smaller diameter
than said conical mouth ot said nom, perfocased rotary drum for facilitating free rotation of said
non-perforated rotary 'hum doling fettling or removal of the solid orpnic antetats, 
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rhe hodzontal posltiou et 1800 angle and for temoving th,; solid ,rrganic rrated,als, thc whole said

plessu¡c vcssel is til':ed dowssstd io the rengc of 30o arrglc tt' 60o angle from iæ horÞontal

positioa at 180o angle.

17. The apparahrs as dained ¡n claim 8, w*retein sairl ryliachical toll,rs a¡e fined on to the

isside waIls of said lr¡eõsute vessel so as to share and b¿lance Érc load ol'seid poforated rotary

drun witlr the solid ,rqganic m.st€d¡ls to eusule suooth r<rt¿don ,rf seid perforeted sotary &ün.

18. The appatahc as daimed in claim 9, whcrcin said opeo oc close doot has a feeding or

reooval port urith connecting chutc at it¡ ccnue fot fecding or rernov¡l qf tÌ¡c solid orgpnic

t¡aterids of smdlc¡ dimensio¡ esd thc coaical orouth e¡rd of s:rid perflorated ¡ot¡ry dn¡s¡ ¡s

opened for fceding c,r resnoqal of tbe solid or¡¡anic materi:ûs of ltt'ger ditn,r.ciott.

19- The apparat,¡s a¡ claimed iE dan¡ 18, s¡herei¡r said [ccding ctr rerÂolal Port ha$ â

tetmctablc conncctirrg churc to link or cotürest said conr<nl motrth end o[ said pe.forated rotary

dnrm through whlch the solid orgzaic m¿terials flor¡'s a¡rd the ,loo¡ of said feedicrg or re¡loval

port is desigped to u'irhsrand hþh ærrperatusg prcsst¡re trnd has a scaling nechsn sn¡ to Plweqt

aoy leakages.

20. Tlre apparahrs as daimed iq d4im 19, wherein sairl conuccting chute is of retracøble ty¡re

and fadlitatcs rhe lirrk berween the fcediog or ¡ernoval pon and said conical rnot th end of said

pefocate<l lotary drum and dwing feeding or ¡ernovd '>f rhe solid orgunic rr¡at*ials is li¡¡ked

with said connecting chute.

Zl- The apparatr¡s as cl-imed iû clliru 8, whetein sairl pressrrce vessel, sad pcrforated rotary

dn:rn, said roating shzft and seid coonecting chuæ a¡e c1'tiadrical iu shapr:.

22. Tire epparans 35 el¡irnefl in dâin 8, wbeccin saitl pressrtc vcssel, said perfo:atcd totary

d¡r¡¡a said sesled dish end, said cylinddcal r<rlle¡s. said c,pen o¡ dose doo¡ and said conaectiog

chute s¡c made of cither mild or stainless stcd of thick 
"eelled 

lnetal widr ¿ noo-rortosive, heat,

acid:urd (.Ieraicâl ¡esistnntin¡et thi¡g to rvíthsta¡rd hþh tecupuanue and Ptessw(:,

23. The apparatrrs as chimed in clsim 21, wt¡qcin said rotati¡rg shaft is me<le o[ ha¡dened

mild or stairiless ster;1.

21
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22  WO 2010,108403PCDIN20 i004M4       at least one pressure safety valve is mounted on said
pressure vessel to safeguard said apparatus from excessive reessure build-up clueing its operadon"
a gas exit pipe is fitted on said sealed dish end for our OC4W of reaction gases generated from said
pressure vessel;        at lean one outlet valve 'fitted to said gas =rit pipe for zevalatlug the pressure and
Cour of reaction gases generated during the proem:ling of the solid organic materials; a gas treatment
unit for treating the generated reaction gases;        at lean one pressure gauge mounted on the outer
sesU of said pressure vessel for inxilearing the pressuce level in said pressure vessel; and 10at least
one tdriperature indicator mounted on the outer wall of said presitne vessel for incliming the
temperature of the gas or steam or superheated sft am or reaction pies inside said pressure vessel.
26..The apparams as thin' led in claim 25, wherein outer surface of add pnssure vessel irichatag
sealed dish end, open or dose door end are "napped or covered with high density thermal insult= with
ptatective cladding to prevent on reduce heat loss and external damage. 27.Thu apparatus as claimed
in claim --)6 wherahl said noriperftrated artery drum is mounted horizontally or veriiraily with one end
sealed and coupled to said rotating shaft and the 20other end supported on eylindideal rollers to rotate
freely inside said pressure vessel and said non-perforated rotary dram is a cylindrically shaped drum
made of non-perforated  heer.        The apparam, as claimed in claim 27, wherein he annular space
between said mart-perforated roraty drum and said pressure vessel is kept ininimign and one end of
said nun- 
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24. The apparatus es claimcd in çlsim 22, wheteio sÞr: of th¡' pcrfie¡at¡ons of s+íd perforated

rotnry dtum vades in accorda¡ce with natr¡¡e and tt?c of solid oc¡¡nrríc matetids tc be proccssed

a¡d size ol said ¿ppa¡:rn¡s r¡a¡ies h accord¡¡ce with tha quantity r¡f solid rxgâùic ¡,:alerials to be

processed.

25. An apparatur, fot converting solid organic msterials inrr¡ carbotr or ¡cti/ated catbon,

compr{siag:

a press\¡re vc'ssel ho¡izontally nounted on tiltinp or swivcl suppo¡t folrp and doren

tihing rnor-cmeots;

a n,:rn-perforrted ¡ota¡y dn¡ût hãvrng a conical uotrth eoc;tsed iasidc said pr:ssurc vessel

a sealed dish tod attachcd to said pressrrrc vessel at one er,<!

a gczred, mot,rr udth bek or chain dtive is couplcd to said rotating sl¡aft '{de pulley or

chaio sptoc.kcq

a torâtiÁg shaft mourited at the ccr¡tcr of said sealed disb errd aod RPM ol said rotating

shaft ir¡ bcf-uveen 1 to t 0 aud is rcgulatcd by varying eirhcr thc sp: trcl of sai l geared noto¡ o¡ the

dimeosions of the pulteT or chein sprocket

4 st':arn suPer heatêË fot geoeratiug ËuPerheâted stÊsrrr st a lernPerâhrfc betwcco 450o c

to 750û Q such that reaction of tle supcrheated steafü v¡irh thc solid oqgauic matcrial is wholly

under oxygcn-free en,l,othes¡ric coodition and thc prcssurc maiotained in the appalah¡s is in the

an'geof.ttoSbar;

ât lcâsr one inlet vaþc Êtted to said sealed dish cnd for rcgulating the suPü Leated steam;

ât lcâ,lir one fccd pípc having qozzles or valves insi,le said rron-perfbrated nttary drum is

placed ar the ceûr¡e c,f said rotâting sbaft a¡d extcnds to the wtule leaçh insidc of said ooa'

perforatcd totary dn:rn, said fccd pipe inside thc roating sb¿ft is rher¡nallv ínsulatt d to Plwetrt

uansqrission of heat tu the roadng shaft snd çemains stationar¡

ar leîsr one cylíndrical ¡ollec for supporting and kt:eping ¡'aid conical moudt end of said

uorr-perforatcd rot¡ry dnrm cclrtla¡It alígned for rotating ftcely insulc said presswe resseL

âr¡ open o¡ closc door e¡rd at asother end of said plessu¡e ,ressel for fccding ot rcrnoviag

solid orga¡rir: natcrials into o¡ Êom s¿id nqn-per;foreted rot:rry dnral¡

a feeding or reuroval port ccntnlly locetcd on oaid ()perr or close door end firt feeding or

rernoving solid organi<: matesials into or from seid aon-¡letioraæd rotery dnrrn;

a conncrting c.hutc having sm¡ller diametet than said ,:onical r¡¡outb oI said EoD'

pedora:cd roca¡y dnxn for facilitating &ce rotatiqri of saitt non-lrerforâtal roury ,Inrm during

feeding or rcrnoval of dre solid organic mat€firls;

22

AMENDED SHEET (ARTTCLE 19)

25 paforated rotary drum is sealed and connected on coupled to sami rotating shaft and other end of
said conical mouth end of said non-perforated rotary drum is 3r feting or removing of solid rusanir
material into or from said nom-perforated rotary drar.a, 29.The apparatus as claimed in daim 28,
wherein the outer evil of said rotating shaft housed 30at the centre of the staled dish end of said
pressure vessel is coupled to said geared motor with belt or CE3214 drive and the inner end of said
rotating shaft is coupled to he sealed end of said non-perforated rotary down and the giand of said
rotating shaft is sealed to prevent leakages of gas or steam or superheated steam or reaction gases
under high pressure and said otafing shaft is consrantly cooled by cooling mechanism to prevent from
reizing during processing of the solid organic 23  WO 2010/058408PCT412008/000774  30. The
apparatas as cl-aimed in claim 29, wherein said sealed dish imd houees said geared 12IICAOZ with
belt or chain drive, said inlet valve, said outlet valve, said pressure gauge :Lori said temperature,
indicator.  31. The apparants as claimed in claim 25, 'wherein said steam superheat unit are
non-intecgal pacts of said apparatus,  32. The apparatus as claimed in el-dra 31, wherein the
superheated stmin geieraterl from said 10 steam superheater flows through said feed pipe inside said
pressure vessel and theteafter through nozzles of valves and the nozzles or valves in said feed pipe
ace acartgati to pr wide uniform dismilaation of supeneated steam at equal temperature and pressure
through the whole length of said non-perfbrated cozy drum and the superheated strain comes into
direct contact with the solid organic Matt:1117AS during processing inside said nouterforat ed rotary
drum. 
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âr least one Pte6sure safery rxlve is ¡no¡¡¡ted on said f,rcssure v.essÊl to safegurrd said
â¡rpâran¡s Éo¡n cxccrsivê lxesfl.¡rê build-up düing its operatioo;

a ,¡{¿s exir pi¡re is fitted oq said sealcd dish end Írr out flow of r¡ction gascs generatcd
ftom said pres.surc v,:sse!

at lczst one <'utlct vaþe ficred to ¡aid gas erit pipe for regglating the preszuce end f,ow of
reacti-ru gases geo€fetcd drrring drc processing of the solid orga¡uc materials;

î gas trettneot unit for t¡ear¡"g the gurerated reactíon ga:es¡

at lcast one Pressure gauge mounted ou tbe outer wuU of sa,ld pressrc€ vcsscl fo¡
hdic¿¡i"g drc pressu::e level in said pressutc wessel; and

at least otre ternP€ranrle indicatot rnotrnted oq th¿ oute¡ wall of said preslu¡e vessel for
indica:,ing ïhe ternpøanrrc of tl¡e gas of stceru o! supæh6¿11êd stc am of ¡qrction gases insidc said
p¡essu!è vçsel-

26' Th': apparan's as claimed iû dain 25, wherein outer :lr¡face of said p:essqre vesscl
iadudng sesled disb end, open o¡ dose door end rue \,¡rapperI o¡ coveted witt high densþ
theun¡¡l insr¡lation u¡irù protective dadding to prevctrt o¡ rrxlr¡ce beat loss and octetl¡al damagc.

27' TLc appamtus es claimed i¡ claím 26, wherein said rron-pcrfc,tated ¡ctary dnm is

mor¡oted horizontally ot vcrticelly with one eod sealed aocJ couplrrrJ to said ror¿dng shs-ft a¡d the
othe¡ eod st¡PPorted on cyliodricel ¡ollets to rornte ftecly rnsid,: said p¡(:ssr¡e vr,ssel and said

noa-petforated rorary dnrm is a cylin&ically shaped dn¡m rn¿dc of non-perforated s heeL

z8' The appararu¡ ¿s elai*rsd in clâim 27, whcrein thc aqrLula¡ spar:e betweeo said non-
petforated rctsty drum and said prcssu¡c vessel is kept minimrrm aod onc end of said non-
perfomted rot¡rr dn¡rn is scaled and cos¡€cted or couploJ to sar<l lotating shafr and other cnd
of said conical rnouth cnd of said non-perforated rotary d¡:m is firr feedio¡; or rcn<,ving of solid
orgaaic msrerial isto t¡r ftom said non-perfiorzted rotary dnrm.

29' Thc apparaürs as claimed j¡ d¡im 28, whccin the ç,uter erul of saicl roradng shaft houst¡t
at thc ccnEc of thc sceled dish e'cd of said ptessure vcsgcl is cou¡rled to said geuerl notor qrirh

bdt or cha¡n &ivc aod the iru¡e¡ end of ¡aid roøting shatt is corrpled to rhe sealerl end of said
non-perfomtcd lotary dn'm and the gland of said rotad'B shEft ir sealed to pre:venr leakages of
gas ol stcirra o¡ suPelheÊted Eteasr o¡ reaction gases unda' high puessure aod said r otating sh¿ft
is consr:antly cooled b¡' cooling mer¡snism to prsrent f¡sq: 5eizín!. during processþ¡ of the solid
orga-oic s¡¿tcrid.
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33. The apparatus as claimed In claim 32, whereinappattrus is mounted ea the tilting or mire/ support
and for feeding the solid organic material inside said non-perforated rotary drum, said pressure vessel
es tilted upward in the range of 30' angle to 60' angle from A tlf horizontal position at 180 angle or
vertical position at 90 angle with either the door of said pressure vessel or said feeding or removal port
in open position depending upon the dimension of the solid orpnic materials and during processing of
the solid angst materials, said pressure vessel with said non-perforated rotary drum is maintained in
the horizontal position ac SO' angle or vertical position at 90' angle depending upon the nature and
type of mateidal to be proccssed and for removing the solid organic. =Leath, the whole said pressure
vessel is tilted downward in the 25range of 300 anee to 60' angle from its horizontal position at I 60'
angle or vertic.al position at 90' angle . 34,The apparatus as claimed in claim 25, wherein said
cylindrical roLlus are frIted on to the inside walls of said pressure vessel so as to share and Stance the
load of said non-perforated rotary drum with Mc solid organic materials to ensure smooth .:otation of
said rim-perforated rotary dram. 35.The apparatus as claimed claim 26, wherein said open or close
door has a feeding or removal port with connecting chute at its centre for feeding or removal of the
solid organic 24 AMENDED SHEET (ARTICLE 19)  WO 20101058408PCT11182000774 materials of
smaller dimension and the coniel mouth end of said non-perforated rotary drum opened for feeding or
removal of the solid organic materials of lArger dimension, 36.The apparams as tilted in claim 35,
wherein said feeding t Pr term-A al port has a  5 retractable comet-Mug chute to link or connect said
conical mouth end of said non-perforated rotary dram through which the solid organic materials @CS!s
and the door of said feeding or removal port is designed to withstand high temperature, pressure and
has a sealing mechanism to prevent any leakages 1037.The appacams as claimed in claim 36,
wherein said cormecting chute rotracted inside the feeding; or removal port so that reaction gases
flows out said non-pethirated rotary drain and then etits the pressure vessel through said gas St pipe.. 
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30. The apparatrs as claimcd in claim 29, çüe¡eiq said seaLxi dish ,nd hour¡cs said geared
motor s¡jrh belt o¡ chaio drivq s¿id inlet valve, said ourlct val.rq said ¡ressure ¡¡augc and said
ternprratu re iadic atar.

31' The appzrenrs as dained iE d4im 25, w*rcrein sar.d stcaro superhrårcr and gps treatmeûr
unir are nou-inægral parts of said ãppasatus,

32' The apperatcs a¡ claimed in dairE 31, wherein thc superheated steun ggn€rated from said
steam superheater f,¡¡ws thÐtJgh said fecd pþe inside sairl ptcsstu: vessel ¡rid thc¡eaftcr through
nozzlcs or valves aod the ¡ozz)es o¡ valves io said fecd pipe ace arranged to pn>vide u¡rifotrn
distal¡ution of srrpecreated steasr ar eqr,l tcmpetBrure and pressrrre through the çhole lcrrgh of
said oon'perfiohted rotary d¡¡m and the supcthcated stcram co¡aes into ,li¡cct cor¡t¡ct q/¡th the
solid oqganic ¡¡¿¡r'riol5 drrring processíog inside said non-perforated rotary dnrm.

33- The appesatr.rs as clei¡ned in cta¡m 32, whereio said appar;tnrs is t!(,unted on rihe tiltiog or
srivel support e¡d fi¡r fccdiag thc solid o¡gaoic materid inside s.ricl non-perforatal rorary dnyr¡
said prcssrue vessel ,s tilted upvard in the tangc of 30o a¡rgle to 60" en¡¡le from iß ho¡Þontsl
positíon at 1800 angl: or vcrtic¿|. posirioa at 90o angle q¡itl¡ cither rhe door of said ¡,ressute vessel

ot said feeding or ttmoval port ia open poritioû depen,{ing u1r,>n the clirneosio¡r of the solid

olganic materi¡ls an<l during processing of the solid organic marrrials, said pressure vessel with
said n,rn-Perfo¡ated rotaty dn¡¡n is m^i'taincd in the horizonul ¡'osition ar 1800 a.cgle or vertical

position at 90o aogle depending upon the nr¡ture and çe of m,rterial to be ptocr,ssed and fo¡
removing'Jre solid c,rganic materials, the vhole seid preosure vessel is tilted dor'¡wa¡d i¡r the

rangc of 30o angle to 60o aaglc Ê^- its horizontnl position at 1800 aaglr or vcrti:al position at

90" ragle.

34. The apparnar¡ ss da'-ed iE denn 25, vt¡crein seirl cyliucLical tollrs a¡c Ê-ted on to thc

iaside q,'¿lls of said f'ressure vessel so as to sharc and b¡l¡nce rhe load crf said a:n-pccforated

rorary dnrrn wittr úre solid organic materials to eoõule otuooth ,r>retion of said o ln-pcrforated

rotaty dnrnr

35. Thc apparanrs as daimed d.aim 26, whe¡ein said open ,rr close ,loo¡ hæ a feeding or
renovnl port with c,rnnecting ôute et its centre Éor feeding or temoval of the solid orgaaic

24
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38. The apparatus as claimed in claim 25, wherein said presue vessel, said non-pe.rfotate.cl rotary
drum, said rotieng shaft and said connecting chute are cylindrical in shape.  39. 11-1Q appazatus as
claimed in dain 25, wherein said prvessel, said non-perforated rotary drum, said sealed dish end, said
cylindrical Idllerso said pen or close door and said conne,ning chute are made of either mild or
stainless steel of Mick walled metal with a non- 20 COCOStre, heat, add and chemical resistant inner
lining to wit:Inn:ad high tempetattme and pressure.  40. The apparatus as iifrned in darns 38, wherein
said touring shaft is mndi of hardened mild or stainless steel  41. The apparam as claimed in claim 25,
wherein said feed pipe extends duo,. gh the whole ltngth of ,5airi non-perforated rotary drum or
restricted at the ern ty point of said rim-perforated rotary drum depending upon the nature or type or
quannty of die solid organic rratei-als to be processed. 10 25 AMENDED SHEET (ARTICLE 19) 
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ñâtÊrials of smallet di¡neosioa a¡d the conical moutb ecd of sa,<l nou-perforared rotery dn¡sr is.

opeoed for feeding (,r removel qf the sotjd orgrar.ríc matcrials of lrrgcr dirnensi,on.

36' The apgaratus as daímed io clåim 35, whctein said Fecding c,r ¡eraoral port has a
rettactsble cooncc+irrg chute to linlc or cont¡ec said conical ûr(ruth end of said rroa-peøfo¡ated
rotaq dn'rru through ç'trich thc solid organic m¿tedals flows and the door of súd fssding o!
te¡ro"sl Pofi is desipncd to withstaad high teorpetaturc, FEessure a¡rd has a senllng mechanism to
preecít any leakages

37' Thc apparattts as claimed i¡ doi- 36, wtrercin snid con;recting chutc is ¡r:tracted insidc
tte feedio,g or reo,olal Pott so tùat reaction gases Oorrs or¡t said aoo-pcrfi:rated totary dn¡n a¡d
then exits the pressule vessel tbrough saidgas enitpipe.

38. Tlre apparatus as daimed in'cldm 25, wherein said pres.irue vessr:I, said non-perforated
rotary dn-rm, said rotrtiag shaft a¡¡d said coonccting chute are cyünddcal in shape.

39. Thc epparatrrs as claioed in claim 25, wherein said pres:rure vcssc! said ooo-perforated
roøry dn-r.rq said sealed dish errd said cyliadrical ¡ollers, said opea o¡: closc rtoor aud said

connecting chure a¡c nade of cither mild or stainless steel of chick walted met I with a uoô-
corrosive, heat, acid and ct¡ernical resisr^ñt in-uer tinin¡4 to wtthsrr.d high tcnrpeeue'and

Pre¡su¡e.

40. Thc apparanrs ¿5 elairn¿¡l jn cleim 3S, wirerein said roarÍng shafi is sadr of ha¡dened

mild or: shinless steel

4l' The apparaturi as daimcd in deirr 25, whetein sair:l feed Jrlpc exterrds throtgh tl¡c whole

lmgth of snid non-pecforated rotasy dn¡rn or ¡escicted at the eorry point of said n,rn-perfo¡ated

roary dn¡rn deperrdirrg upon the nature or type or çantiry of tlre solicl organic uatcdals to bc

ptocessed.
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