
SOLID REFUSE DISPOSAL PROCESS This invention relates to solid refuse
disposal, and more particularly to a process in which oxygen- -enriched gas
is used to convert solid refuse in a vertical shaft to molten metal and
slag, and an overhead gas having 'fuel value. Anderson U.S. Patent
3,729,298 describes a solid refuse disposal process which has as products a
useful 10   fuel or synthesis gas and an inert solid residue.  The Anderson
process involves the introduction of refuse into the top of a vertical
refractory-lined furnace with the simultaneous introduction of an
oxygen-enriched gas into the base of the furnace. The refuse forms a porous
packed bed within the vertical furnace which can be analyzed in terms of
three functional zones: a drying zone at the top section, a pyrolysis zone
in the mid- section, and a combustion or melting zone (the hearth) at the
base of the furnace.  Apparatus useful for practicing 20   the Anderson
process is also described in U.S. Patents 3,801,082 and 3,985,518 to
Anderson. As the refuse descends through the furnace under the influence of
gravity, it is first dried by hot rising gases which are generated in the
mid-section and hearth   of the furnace.  These gases are cooled as they
give up their heat to the refuse. As the at least partially dried refuse
descends further into the furnace, it is exposed to still higher
temperatures resulting in the pyrolysis of the organic content of the
refuse.  During    -2- the pyrolysis phase, the combustible organic
material is decomposed in the presence of a hot oxygen-deficient (reducing)
atmosphere to a solid char residue and a 



gaseous mixture consisting predominantly of carbon monoxide, hydrogen and a
variety of hydrocarbons. The gaseous mixture rises from the pyrolysis zone
while the char and remaining non-volatile inorganic materials descend into
the combustion and melting zone or hearth. In the hearth, the char, which
is composed primarily of 10    fixed carbon and ash, is reacted
exothermically (combusted) with an oxygen-enriched gas. The  Anderson
incineration system obviates many of the previous problems surrounding
solid refuse disposal, in that the solid refuse conversion results in
production of a useful product gas and abiologically inactive slag residue.
Although the Anderson system is a substantial improvement relative to the
prior art systems of solid refuse disposal, there are certain remaining
problems relating to large scale use. If this system is operated 20     in
the conventional low pressure manner, high rate refuse processing requires
a converter furnace diameter so large as to dictate field construction.
Such field construction is not able to utilize the controlled fabrication
methods available in factory construction and results in high construction
costs.      At the same time, operation of the conversion step at low
pressure results in relatively high volume of overhead gases which also
contributes to sub- stantial equipment costs for the downstream cooling and
cleanup processing. Another disadvantage of the low    - 3 - pressure
conversion step involves the need for additional gas compression of the
product fuel gas before it can be supplied for any use. This involves an
additional piece _of equipment and substantial energy which adds to the
complexity and expense of the overall system. 



Still another disadvantage of the prior art Anderson system is that
although the refuse conversion produces the useful product fuel gas stream
and the inert slag residue, it -also produces a contaminated wastewater 10
stream.  The latter contains organic contaminants produced during the
conversion step, and requires additional treatment such as discharging into
an existing sewer system or construction of a separate wastewater treatment
system. Such additional wastewater treatment systems have usually been of
the biological treatment type such as the oxygen enriched
aeration-activated sludge UNOX System developed by Union Carbide
Corporation. According to the present invention a process is provided for
disposal of solid refuse feed by conversion 20  to useful gaseous product
and inert solid residue in a vertical column with an upper end providing a
drying zone for fresh solid refuse feed and a lower end providing a thermal
decomposition zone for the refuse and a hearth beneath the column as a
combustion-melting zone, in which air is separated to produce at least 40%
oxygen by volume and fed to the combustion-melting zone, molten residue is
discharged from the combustion-melting zone, fine particulate-containing
overhead gas is discharged from the column upper end, and the overhead gas
is cleaned by cooling 30   and scrubbing with recycle condensate from a
scrubbing-separation    -4- zone to provide product gas and bottom
condensate, comprising: (a) maintaining the vertical column and the hearth
at pressure from 30 to 250 psia (2.1 to 17.6 .5  kg./sq. cm. absolute), (b)
dividing the bottom condensate from the 



scrubbing-separation zone into three parts, (c) mixing a first part of the
bottom con- densate as a portion of the recycle condensate with 10   the
overhead gas for cooling and partial scrubbing thereof in said
scrubbing-separation zone to form partially scrubbed overhead gas, (d)
cooling a second part of the bottom con- densate by externally supplied
refrigerant and con- 15   tacting the so-cooled second part with"the
partially scrubbed overhead gas from (c) in the scrubbing- * separation
zone as another portion of the recycle condensate, (e) filtering the third
part of the.bottom 20   condensate in a first filter section to remove
solid *  particulate material from the third part and form liquid waste
having an organic portion, (f) flowing a minor portion of the liquid waste
from (e) through a second filter section prev- 25   iously loaded with
solid particulate from the bottom *     condensate third part (e) and
removing the solid particulate from the second filter section to form a
slurry recycle....     - 5- (g)  mixing the slurry recycle with fresh
solid- refuse to form the refuse feed, (h)  flowing the remaining major
portion of the liquid waste (e) to an incineration zone, (i)  diverting a
minor part of the product gas while discharging the product remainder from
the process, and passing the so-diverted product gas to the incineration
zone (h), 



(j)  providing air and passing same to the incinera- 10    tion zone, (k)
completely oxidizing the organic portion of the liquid waste remainder in
the incineration zone (h) and forming hot discharge gas therein, (1)
flowing the hot exhaust gas to a steam boiler zone along with feed water
for heat exchanging therein, and generating steam from said feed water
while partially cooling the exhaust gas, (m)  discharging the steam from
the botler zone (l), and recovering energy therefrom as part-of the refuse
20    disposal process energy requirement. As used herein, the term
"refuse" includes not only conventional municipal refuse and garbage which
commonly contains combustible materials such as for example wood, food,
waste paper and non-combustible materials such as for example metal and
glass, but also other waste or solid fuel materials including but not
limited to such materials for example as sawdust, wood chips, coal and
bagasse, which contain a substantial organic and therefore pyrolyzable
fraction.     - 6.- In a preferred embodiment of this invention the refuse
is pelletized before introduction to the vertical shaft.  As used herein,
the expression "pelletized refuse" includes not only refuse which has been
compacted into a cylindrical or other shaped block using an apparatus such
as for example that disclosed in Pelton U.S. Patent 4,133,259, but also
refuse'such as for example wood which in its raw state may satisfy the
pelletization requirements of Anderson U.S. Patent 4,042,345.  "Pelletized 



10   refuse" also includes other forms of compaction such as for example
briquetting or roll pressing. In another preferred embodiment, preheated
air is passed to the incineration zone as step (j) and the partially cooled
exhaust gas from steam boiling zone (1) is heat exchanged with externally
supplied air to provide the aforementioned preheated air. In the
accompanying drawings Figure 1 is a schematic drawing of apparatus suitable
for practicing one embodiment of the instant process, and 20         Figure
2 is a schematic drawing of a vertical shaft-hearth furnace suitable for
use in the present invention. ReferrLng now to Figure 1, the raw incoming
refuse is introduced through conveyor 50 to the refuse handling section 51.
The latter is a front end facility with suitable arrangements for receiving
the raw refuse, storage, and.pretreatment of the refuse so it is a suitable
feedstock to the refuse converter.. This section could include a
classifying operation which might be a suitable 30    trommel (rotating
screen drum) to classify the incoming refuse by size groups, such as less
than 6 inches (15.24 cms), less....     -7- than 12 inches (30.48 cms), and
greater than 12 inches (30.48 cms).  The larger group (greater than 12
inches or 30.48 cms) could then be processed through an appropriate cutting
or shredding operation for size 5 reduction.  The fresh refuse could be
subjected to a salvage operation such as magnetic recovery of met- allic
content so that this metallic content may be sold 



to metal recycle operations.  The treated and sized refuse in conduit 52
becomes the basic input material 10   to the vertical shaft refuse
converter 55. The refuse in conduit 52 which represents the fresh refuse
input is combined with a slurry recycle from conduit 53 which is recovered
from other process steps as will be des- cribed hereinafter.  The
combination of sized refuse 15   and slurry recycle in conduit 54 is mixed
and prefer- ably pelletized in element 54a to form the refuse fed to the
upper part of the vertical shaft converter 55. For present purposes, the
particular operations within the vertical shaft converter 55 will be
described in 20   detail in connection with Figure 2.    Vertical shaft
converter 55 is provided with suitable tuyeres (or oxygen blow pipes) for
introducing the at least 40% oxygen by volume gas stream through conduit 57
near the converter lower end. This gas is 25   supplied by air separation
plant 58 receiving com- pressed air through conduit 59. The air separation
plant may for example be the pressure swing adsorption type or the
cryogenic type, the latter being more economical for high rate oxygen
requirements exceeding .30   about 30 tons (27215 kilograms) contained
oxygen per day. The refuse is converted in vertical column 55 by passing
through essentially three zones.  The top first    -8- zone is a drying
zone wherein most of the water content of the refuse is vaporized along
with some of the more volatile organic components.  The second or middle
zone of the converter is a pyrolysis zone whereby the refuse 5   is exposed
to hot non-oxidizing gases rising from the 



bottom of the converter thereby vaporizing and-driving off organic matter
from the refuse.. At the bottom of the converter, the char produced from
the pyrolysis reaction is oxidized to a combination of carbon monoxide 10
and carbon dioxide with sufficient heat generated to both melt or slag
remaining metallic and inorganic com- ponents of the refuse and supply heat
for the pyrolysis reaction. This slag is removed from the bottom of the
vertical converter 55-and water quenched to produce a 15  biologically
inert and sized solid residue in conduit 56 for further processing. The hot
gases rise through the refuse bed in the vertical shaft and exit from the
top of the column. The overhead gases discharged through conduit 60 are a
mixture of water vapor, carbon 20   monoxide, hydrogen, carbon dioxide and
a variety of organic, tar and oily vapors. Additionally, these gases may
contain fine particulate matter (primarily unburned char solids) which is
entrained in the gas stream. Since the refuse conversion step.is performed
in vert- 25   ical unit 55 at pressure conditions ranging from 30 psia up
to 250 psia (2.1 to 17.6 kg./sq. cm. absolute), the overhead gases are
available at that pressure range and at a temperature ranging from [err] to
[err] (148.9 to [err]) 30           The hot and pressurized fine
particulate- containing gas stream in conduit 60 is next processed in a
series of cooling and scrubbing steps to produce a product gas stream
containing primarily fuel gas com- ponents including carbon monoxide,
hydrogen, and methane 35   along with.......    other gas constituents such
as for example carbon dioxide and remaining water vapor and a liquid
fraction 



containing a combination of the particulate matter, tar, and oily phases,
all suspended in condensed water.  The fine particulate-containing gas
stream is first partially cooled by spray nozzles 61 which introduce liquid
water into conduit 60 thereby causing the gases to cool by vaporizing the
water. This partially cooled stream in conduit 62 is then passed to a
Venturi scrubber 63 for 10    combination with a liquid condensate recycle
stream from conduit 64 in such a manner that the gas is thoroughly mixed
and contacted with the liquid.  This scrubbing action has the purpose of
collecting substantial par- ticulate content of the gas stream into the
liquid phase. The combined gas-liquid stream discharged from Venturi
scrubber 63 into conduit 65 is then introduced to the gas
scrubber-separator 66.  The bottom portion is a vessel which phase
separates the entering -mixture. The liquid is separated and descends to
the 20   bottom and is. withdrawn through conduit 67 as the liquid
condensate for flow by pump 68 therein.  A first part of the liquid
condensate is removed through branch conduit 69 and a portion thereof is
the source of liquid for spray headers 61 while the remainder is introduced
to Venturi separator 63 through conduit 64.  Together these streams are
part of the recycle condensate required for separation of fine particles
from the overhead gas discharged from vertical column converter 55. The
liquid remainder from gas scrubber-separator 66 30    bottom in conduit 67a
is divided into two more parts.  The second part is diverted through branch
conduit 70 and    - 10 - cooled by externally supplied refrigerant, e.g.
water, in be at exchanger 71. The so-cooled condensate second part 



is introduced to the top of scrubber-separator 66 which for example may
comprise a trayed section for contacting the rising gas with the descending
cooled condensate cecond part. This additional recycle condensate further
ensures separation from the rising gas of remaining particulates, tar and
oily phases.  Following this contacting step the cleaned gas is discharged
from the 10   upper end of scrubber-separator 66 into conduit 72 for
further processing. The aforedescribed portion of the overall process
offers  several advantages (compared to prior art systems) for effective
separation of the fine particulate-contaminated hot gas overhead in conduit
60 into clean gas in conduit 72 and combined particulates, tar, oil and
condensed water components in bottoms stream 67.  This separation  - is
achieved without introduction of external refrigerant such as for example
water, directly into the system. 20   The cooling required for this step is
introduced indirectly by heat exchanger 71 so that additional water is not
contaminated with any waste associated with the refuse conversion.  The
only aqueous phase present in the system is the condensed water originally
present in the refuse or formed by the pyrolysis process within the refuse
converter.  This processing arrangement is also very advantageous from the
standpoint of reducing processing loads on otner portions of the overall
refuse disposal system.  Additionally, operation of this system at the o
same pressure as the refuse conversion (except for the necessary pressure
drop through the equipment) ensures    that equipment sizes are
advantageously small.  It should be noted that the Venturi scrubber 63 does
require significant gas phase pressure drop for 



effective operation.  Availability of the hot off gas at elevated pressure
allows use of such equipment. Although not essential, the product gas in
conduit 72 may be further cleaned by passage through electrostatic
precipitator 73 for removal of remaining particulate matter. The latter may
be both small char particles and lo    small droplet (micron and submicron)
tar and oil content. By way. of illustration, the electrostatic
precipitator 73 could be a multiple rod and tube unit serving to charge the
droplets and cause them to collect on the tube xur- faces.  Following such
collection, the tar and oil fluid flows to the bottom of the tubes and is
collected in an appropriate sump.  This remaining particulate is with-
drawn through conduit 74 for recovery and recycle to the refuse converter
55.  The further cleaned product gas stream is discharged from
electrostatic precipitator 73 20    in conduit 75 and now primarily
contains the fuel com- ponents carbon monoxide and hydrogen along with
carbon dioxide and water vapor. At this point the further cleaned product
gas stream in conduit 75 is still pressurized and contains a significant
concentration of water vapor. A minor part, preferably 10 to 25 mol% of
this gas 'is diverted through branch conduit 76 to incinerator zone 77 for
complete oxidation of the organic portion of a liquid waste remainder
stream. The remaining major part of the further 30    cleaned product gas
stream is preferably directed to condenser 78 where additional cooling is
supplied by cold water in conduit 79 for indirect heat exchange.  The
warmed    - 12 - cooling water is discharged from condenser 78 through
conduit 80.  The so-condensed water from the further 



cleaned product gas is removed through conduit 81 for further processing as
hereinafter described, while the dried product gas is discharged from
condenser 78 through conduit 82 for use as desired. Dried and clean product
gas in conduit 82 is available at pressure as determined by the pressure
level of the vertical refuse converter 55 and pressure 10 drop through the
downstream processing equipment. This pressure level is preferably selected
so that the pro- duct is sufficient for direct use in the desired
consumption means, as for example a fuel gas burner. Availability of this
product gas  at substantial pressure 15  is an important advantage relative
to prior art refuse disposal-combustible product gas systems in that
additional complex and expensive compression of the gas is not normally
required. Even for those few end uses where the refuse 20   converter
pressure operation at 30 to 250 psia (2.1 to 17.6 kg./sq. cm absolute)
would not provide the product gas at pressure sufficient for direct use,
the suction pressure to any required gas compressor would be elevated. This
would reduce gas compressor energy and 25 equipment requirements. As
previously explained, this product gas has substantial carbon monoxide and
hydrogen content and could be utilized for its fuel value or as a synthesis
gas for chemical and manufacturin g purposes. Returning now to the
condensate in conduit 67a, 30   it was previously indicated that a second
part is diverted through branch conduit 70 for cooling and return to the
upper end of gas scrubber-separator 66 as a portion of the recycle
condensate. The third part of this condensate constitutes the remainder of
that withdrawn from    



the lower end of scrubber-separator 66, and is preferably from 1,5 to 5.0
[err] of the total bottom condensate in conduit 67.  This third part is
directed through branch conduit 83 to first filter section 84.  This'liquid
is a combined organic liquid anu water stream containing solid particulates
(such as for example; unburned char particles) carried over from vertical
column refuse converter 55.' The filtering step removes this solid
particulate material to form a liquid waste stream which is discharged 10
from first filter section 84 into conduit 85 and thence into liquid waste
storage tank 86.  The latter also receives condensate in conduit 81 from
product gas cooler 78, thereby providing means for disposal of contaminants
in this stream.  The liquid waste is now free of particulate matter and
contains the aqueous and oily phases.  Since the first and second parts of
the condensate withdrawn from scrubber-separator 66 are recycled, the only
net re- moval of particulate from this condensate is by way of the third
part in the filtration section 84, 89. 20            It should be noted
that the condensate in conduit 67 must be of sufficient quantity and
recirculation inven- tory to perform the scrubbing function and also permit
efficient solids removal in the filter section. The. condensate third part
must be of'sufficient quantity for this removal without filter plugging
even when the solids concentration is high, and therefore is preferably, at
least 1.5 wt. % of the total bottom condensate.  On the other hand this
third part should not be so large as to reduce the effectiveness of the
scrubbing action when the 30    solids concentration is low, so is
preferably no more than 5 wt. % of the total bottom condensate.    - 14 - 



The filtering step is preferably a batch operation in that one section is
maintained "on stream" for a pre- determined time period (either based on
control of absolute time or degree of particulate loading). During at least
part of the first filter "on stream" operation, a liquid waste minor
portion preferably comprising 5 to 20 wt. % of the total liquid waste is
withdrawn from storage tank - 86 through conduit 87 having pump 88 therein,
and flowed through second filter section 89. The latter has been pre- 10
viously loaded with particulate from the third part of condensate 67
supplied by branch conduit 83. The flow direction of liquid waste to second
filter section 89 is opposite that of condensate third part during the
preceeding "on stream" period, so backwashing occurs.  The actual portion
of the total liquid waste used for backwashing is determined by the solids
concentration in the condensate third part, i.e. preferably at least 5 wt.%
of the total for low solids concentrations and preferably no more than 20
wt. % of the total liquid waste for high solids con- 20   centrations. To
control the solids concentration of the liquid entering first filter
section 84 and thus not overload same, a portion of the liquid waste may be
recycled from conduit 87 to conduit 83 by means not illustrated. The two
illustrated sections 84 and 89 of the particulate filtration zone are piped
for parallel flow operation using unillustrated conduits and valving, but
well understood by those skilled in the art.  Additional filtration
sections could also be provided and piped in this same manner. The
resulting particulate-liquid waste mixture is discharged 30   from
backwashed second filter section 89 into conduit 90 as a slurry, and is
directed to slurry recycle storage tank 91. The slurry recycle storage tank
91 collects not only slurry from the filtration zone 84, 89 but also  



- 15 - particulate material recovered from the optional electro- static
precipitator 73 through conduit 74 (if the same is employed).' The slurry
from storage tank 91 is trans- -ferred by pump 92 in conduit 53 and
recycled to refuse feed conduit 54 upstream of pelletizer 54a if the same
is used). This slurry recycle step ensures that particulate matter is not
introduced to the liquid waste incinerator 77. The major portion of the
particulate-free liquid waste not used for filter backwash Ls withdrawn
from storage 10    tank 86 through conduit 94 and flowed by pump 95 therein
" to waste incinerator 77. This liquid waste major portion stream contains
most of the water content condensed from the overhead refuse converter gas
in conduit 60, and also contains a variety of organic contaminants
including a range of alcohols, aidehydes, and other residual organic
compounds which may be formed during the refuse conversion step. Discharge
of the so-contaminated waste liquid from storage tank 86 without further
treatment is not acceptable 20    from the environmental standpoint.
Discharge of this waste stream into municipal sewer systems would impose a
severe load on such systems.  Further, separate biologi- cal treatment
facilities are not desirable because the high organic strength waste is not
easily handled and requires complex and expensive processing facilities.
According to this invention, it has been discovered that incineration of
this liquid waste stream with a minor part of the product gas is a simple
and economic means of treating the liquid waste. Incinerator 77 may be a



-16- commercially available refractory lined vessel with associated spray
nozzles for introducing the liquid waste, and fuel and air nozzles for
introducing the product gas minor part through conduit 76 and an air 5
stream through conduit 97. Within incinerator 77 the liquid waste remaining
portion from conduit 94 is com- pletely vaporized and raised in temperature
to at least [err] F (871.1 C) and preferably [err]F (1037.[err]). The waste
is maintained at this temperature for suffic- 10   ient duration to
completely oxidize all organic contaminants, e.g. between one and two
seconds. The energy for this incineration comes from two sources: the
organic contaminants and the product gas minor part. If the organic
concentration in the liquid waste is 15   relatively high the percent of
product gas diverted through conduit 76 may be relatively low; the converse
is also true recognizing that the water content of the liquid waste must be
heated to the aforementioned tem- perature level. The preferred range of 10
to 25 mol% 20   for the product gas diversion reflects the expected range
of organics concentration in the liquid waste. The hot gas formed in
incinerator 77 is dis- charged through conduit 98 to steam boiler zone 100
where part of the heat energy of the exhaust gas is 25   recovered by
indirect heat exchange.  Feed water is' introduced to steam boiler zone 100
for this heat exchange through conduit 102.  High pressure and high
temperature steam is formed therefrom and discharged in conduit 101. 30
The partially cooled incinerator discharge gas is removed from steam boiler
zone 100 in conduit 103.  If    



desired, further sensible heat may be recovered from this gas in preheater
104.  Externally supplied air is introduced through conduit 105 for
indirect heat exchange with this partially cooled incinerator discharge gas
and 5  thereby preheated.  The so-preheated air is discharged through
conduit 97 and introduced to incinerator 77 as the oxygen source.  The
further cooled incinerator gas is expelled from preheater 104 through
conduit 106. Incinerator gas 106 contains chlorine and sulfur 10
compounds (usually as HCl and [err]) formed from components of the refuse
feed. Most municipal refuse compositions are such that the concentration of
these contaminants in exhaust gas 106 is too low for environmental concern.
If however this is a problem the contaminants may be removed 15   by a
scrubber (not illustrated) as is well understood in the art. Steam
discharged from steam boiler zone 100 in conduit 101 is processed for
energy recovery as part of the refuse disposal process energy requirement.
By way 20   of illustration this energy may be used to supply part of the
air separation plant 58 energy requirements.  As illustrated this steam in
conduit 101 is used in steam turbine drive 107 for air compressor 108.
That is, drive -107 is mechanically joined to compressor 108 by shaft 109,
25   and feed air is compressed to 70 to 100 psia (4.9 to 7.0 kg./sq. cm
absolute) therein before passage through conduit 59 to air separation plant
58.  Alternatively the steam in conduit 101 may be used to generate elect-
ricity which in turn is used to drive air compressor 108 30   or other
apparatus components of the refuse disposal process requiring electricity.
These for example may include pelletizer 54a and pumps 68, 92 and 95.    



- 18 - Direct ultilization of the steam in turbine drive 107 is preferred
from the standpoint of simplicity and efficiency.  That is, recovery of the
incinerator discharge gas energy to both drive air compressor 108 and 5
preheat feed air to the incinerator is a near optimum balance between
energy availability and needs, and represents a preferred embodiment of the
invention. Part of this available energy is used to compress the air
separation plant feed air to the level needed for either 10   cryogenic or
pressure swing adsorption division into oxy- gen and nitrogen, e.g. 70 to
100 psia (4.9 to 7.0 kg./sq. cm. absolute). The remainder of this energy is
suffic- ient for preheating of the feed air requirement of incineration
zone 77 to 500 to [err] F (260 to [err]). 15   This temperature level is
preferred for preheating as special materials are not required for
construction of preheater 100.  The aforedescribed preferred energy gen-
eration-recovery combination minimizes the external energy requirements for
the solid refuse disposal process 20   of this invention. Figure 2
illustrates in more detail, a suitable vertical column furnace 155 suitable
for practicing the -process of this invention.  The Figure also includes
all apparatus needed for feeding the refuse, converting it in 25   the
aforementioned three zone manner, and recovering the overhead gas and slag
residue.  Where appropriate, corre- sponding elements to those in Figure 1
have been iden- tified by the same number plus one hundred.    -19- The
assembly includes refuse conveyor 110 which 



supplies both sized fresh refuse and the waste recycle slurry to the top of
the converter.  The mixture is introduced through top opening 112 to
pelletizer 154a 5   which compacts the loose refuse, for example by a suit-
able ram device-into cylindrical blocks or pellets, as described in Pelton
U.S. Patent 4,133,259. The refuse pellets are highly compressed entities
ranging in diameter from 6 inches (15.24cms) to 18 inches (45.72cms) 10
with 14 inches (35.56cms) as a typical diameter.  The 'length of any
particular pellet may range from several inches to more than 1 foot (30.48
cms), and they are forced through a tubular duct 113 serving as a conduit
for feeding the refuse to the converter.  The force feed 15   of these
pellets 111 'in tubular duct 113 along with the "string' of pellets forms a
gas seal at the top of the converter. The gas seal is formed by multiple
pellets with combined length equivalent to about five pellet diameters for
the aforementioned pellet size range. The 20   converter has a conical
section 114 connected to a reduced diameter outlet flange 115 used to carry
out the exiting overhead gases. If the refuse feed is not pelletized, the
gas seal needed for maintaining positive pressure in converter 25   155 may
be provided by a lock hopper and pressurized gas, as for example nitrogen
from the air separation plant. As the pellets are fed into the vertical
column converter vessel they are moved into open trough 116 which extends
to the column central region (in the radial 30   direction) where they fall
onto the refuse bed 117, re- tained within the preferably steel wall
refractory lined    -20- vessel.  From the process standpoint, converter
155 has 



a drying zone 118 in the highest section, and pyrolysis zone 119 in the
middle section.  Within the drying zone the refuse is dried of its water
content as it moves down-. 5   wardly.  Also, relatively light or volatile
organic materials are vaporized within this zone.  As the now dry refuse
continues to move downwardly'it is subjected to rising hot reducing gases
and the refuse is further decomposed in terms of removing additional
organic content 10   of the refuse.  Additional carbon monoxide, hydrogen,
and light hydrocarbons may be formed from breakdown of heavy organic
components within the refuse when it is heated by the reducing gases. The
relatively non-volatile components of the refuse including carbon,
metallic, and inorganic 15   materials are retained and pass to the bottom
of the converter 155.  In the Figure 2 furnace converter embodi- ment the
refuse bed is primarily supported by the bottom conical section of the
converter.  As the refuse bed 117 is converted, material gradually flows
through the bottom 20  -restricted opening section 121 into the slagging
hearth zone 122 of a hearth generally designated 120. Within this hearth
zone 122, the at least 40% oxygen gas is introduced by appropriate tuyeres
or oxygen blow pipes 123. Within this zone 122, the oxidant reacts with the
25   carbon to form the combustion energy necessary to melt or slag all the
metal and inorganic components. The hot gases then rise through restricted
opening section 121 and participate in the subsequent pyrolysis and drying
react- ions prior to gas exit through outlet flange 115.    - 21 - The
slagging materials 124 are removed from the hearth zone 122 by. slag tap
conduit 125. Remaining sections of the refuse disposal system are
associated 



with quenching this slag material so as to form the -aggregate material
which can be removed. This apparatus includes quench tank 126 and its
associated lock hoppers, pump systems and mechanical slag moving
components.  As the slag material 124 flows to the water reservoir within
quench tank 126, it is cooled and fractures into a sized 10    aggregate
material.  The coolant required for this step is supplied by recirculating
water pump 127 and associated water cooler 128.  Slag material 124 is moved
by actuating hydraulic piston and scraper assemblies 129 and 130 to move
the slag to openings associated with lock hoppers 131 and 132. These lock
hoppers may be large tubular sections each including two valves to allow
alternate removal of slag material.  Valves 133 and 134 are associated with
lock hopper 131 whereas lock hopper 132 has valves 135 20    and 136.
Typical operation of the lock hopper 131 would include closing valve 134
and opening valve 133. At this point scraper  unit 129 is actuated to move
slag to the opening associated with lock hopper 131 and thereby fill it
with slag material and water from the quench tank 126. Valve 133 is then
closed and now valve 134 is opened to remove the slag-water aggregate from
lock hopper 131.  The aggregate material is collected in slag car 137 and
the water flows to water sump 138.  This water is returned to quench tank
126 by pump 140 through conduit 139. The slag could be removed from the
area in car 137 up.    - 22 - associated incline 141 by cable 142 to slag
removal con- veyor 143. This slag conveyor 143 then removes the slag
aggregate product to a suitable storage or transport area. As previously
explained, one characterietic of this 



process is that essentially all of the solid particulates present in the
overhead gas from the vertical column con- verter are collected in the
slurry recycle added to the  fresh.refuse feed. This recycle ensures
complete con- version of the solid refuse to etther.product gas, non-
objectionable water or carbon dioxide vent gas, or slag, thereby minimizing
refuse handling problems.  The relatively small slurry recycle minimizes
fluid loading in the ver- tical column converter. The only liquid recycle
to the converter is the backwash liquid needed for particulate removal from
the loaded filter section, and this may represent as little as 107. of the
total liquids formed by *        the refuse conversion. Such minimum liquid
recycle reduces both the oxygen requirement in the converter and the
converter gas load. 20            By the present invention an improved
solid refuse disposal process Of tne vertical furnace type is provided
which is substantially smaller for a given throughput than heretofore
required.  The process or the invention can provide the product gas at the
desired consumption pressure without needing separate gas compression,
require lower overall power consumption, and provide improved ultimate
disposal of the liquid waste formed during pyrolysis of the solid refuse.
-23- The prior art has assumed that it was desirable to recycle all of the
process liquid (except water) to the refuse converter from the standpoint
of added fuel gas production.  Thus, referring to Figure 1, the prior art 5
would utilize a phase separator tank instead of liquid waste storage tank
86, and recycle all liquids (other than 



wastewater contaminated with soluble organics) to feed refuse conduit 54
upstream pelletizer 54a.  Although such practice does produce more overhead
gas from the converter 10   and thereby more clean fuel gas, this also
means that more of the fuel gas would be required for incineration of the
organic portion of the liquid waste. We have unex- pectedly discovered that
employing minimum liquid waste recycle pursuant to this invention yields
substantially 15   higher net product fuel gas production than the maximum
recycle consistent with prior art practice. This is illustrated by the
following example. EXAMPIE This example is based on a system for disposal
of 20   pelletized refuse as schematically illustrated in Figures I and 2.
The system is designed to process 33,325 lbs/hr (15,116 kg/hr) of fresh
municipal solid refuse (conduit 50), and process characteristics are
summarised in Table A.  The vertical column furnace section 155 (above
hearth  25   connection 121) is a cylinder of 116.3 ft2 (10.80 m )
cross-sectional area and 46.8 ft. (14.3 m) long including the conical ends.
The restricted opening connection 121 between the cylindrical section and
the hearth is a cylinder of 11.0 ft.2 (1.02 [err]) cross-sectional area and
30   2.7 ft. (0.82 m) long.  Hearth 120 has the configuration of a short
cylinder with dished heads, a maximum cross- 2        2 sectional area of
28.5 ft.  (2.65 [err]) in the center, and a total volume of 148.7    -24-
[err] (4.211 [err]).  There are twenty tuyeres 123 each com- prising a 3
inch (7.62 cm) diameter pipe uniformly spaced 



transversely around the hearth shell circumference. These tuyeres are
located in the upper part of the hearth 5   adjacent to connection 121 and
30% of the vertical dist- ance from the connection 121 longitudinal middle
to the hearth floor.  Also the tuyeres are inclined downwardly and away
from connection 121 so that the oxygen- containing gas does not impinge
directly against the 10   pelletized refuse bed. The aforedescribed
vertical column-hearth-tuyere apparatus is not part of the present
invention but is described and claimed in copending application No. 8116261
entitled "Solid Refuse Disposal Apparatus" and filed 28th May 1981.  The
pelletized 15   refuse may for example enter the vertical column converter
in the form of cylindrical blocks of about 13 inches (33.02 ems) diameter,
4 to 16 inches (10.16 to 40.64 cms)  length and 35 to 45 lbs/[err] (561 to
721 kg./[err]) density. The estimated process performance is summarized in
20   Table A. The Table A performance in accordance with this invention may
be compared with operation of the same apparatus with maximum recycle as
would be practiced by the prior art.  That is, the fluid recycled in
conduit 53 25   would be not only the slurry-liquid waste backwash from the
filter section but also all of the liquid waste from storage tank 86.  This
comparison is summarized in Table B. Table B shows that on a weight basis
the instant process provides about 12% more product gas per pound of 30
fresh refuse feed, than the prior art.  Also, minimum slurry recycle can
return the solid particulates to the converter thereby minimizing the gas
loading therein.    - 25 - 



These solid particulates would otherwise be passed to the incinerator and
be detrimental to its operation since the particulates would tend to plug
the incinerator nozzles and to foul the downstream heat exchange equipment.
The 5   process of this invention reduces equipment loadings for a given
capacity refuse disposal system. It has previously been indicated that
according to this invention the vertical shaft converter is main- tained at
pressure of 30 to 250 psia (2.1 to 17.6 kg./sq. 10   cm. absolute).  Lower
pressures would require repressur- ization of the product gas by a separate
compressor for many end uses. Also, this pressure level is needed to
increase the vertical column convertor capacity sufficient- ly to permit
fabrication of a vessel of shippable diameter. 15   Pressures above 250
psia (17.6 kg./sq.cm. absolute) would present problems with respect to the
gas  seal associated with the refuse feeder assembly schematically
illustrated in Figure 2.  Although it is possible to increase the
realizable pressure differential across 20   this seal by additional
compaction of the pellets, more closely spaced pellets or stringing,
probably a higher pressure differential than that required with 250 psia
(17.6 kg./sq.cm. absolute) would require a different and more complicated
feeder mechanism. A pressure range of 25   50 to 100 psia (3.5 to 7.0
kg./sq.cm.. absolute) is pre-. ferred from the standpoint of increased
refuse capacity and availability of product at pressure, while avoiding
more complicated feeder mechanisms. Although preferred embodiments of the
invention 30   have been described in detail above, it will be apprec-
iated that the inventionis not limited to these embodiments.    
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[err] [err] [err] [err] [err]    TABLE B ESTIMATED PROCESS COMPARISON
Pocess Operation         This InventLon             Prior Art Process
reature           Maximun Liquid           Maximum Liquid Minimum Liquid
Maximum Liquid Process Feature          Recycle to  Converter
Converter.Recycle        Filter Backwash         Filter Backash Converter
Recycle                      and Non-soluble Characteristics
Only  



Liquid Waste for          Condensed Water          with  Soluable
Incineration             With Soluble              Organics Only Organics
and Non-Organics Only soluble Organic Phase Product Gas
Maximum                 Minimum production System Mass Balance (Lb/lb
Refuse) -    Refuse                   1.000                   1.000 Oxygen
0.194                    0.201 Recycle.                    0.041
0.078 slag                       0.155                    0.135 Offgas
1.080                    1.124 Liquid Waste                0.415
0.378 Incinerator Gas             0.094                    0.194 product
Gas                 0.530    1.      A process for disposal of solid refuse
feed by conversion to useful gaseous product and inert solid resi- due in a
vertical column with an upper end providing a 5   drying zone for fresh
solid refuse feed and a lower end. providing a thermal decomposition zone
for the refuse, and a hearth beneath said column as a combustion-melting
zone, in which air is separated to produce at least 40% oxygen by volume
and fed to said combustion-melting zone, molten 10   residue is discharged
from said combustion-melting zone, fine particulate-containing overhead gas
is discharged from the column upper end, and said overhead gas is cleaned
by cooling and scrubbing with recycle condensate from a
scrubbing-separation zone to provide product gas and 15   bottom condensate
comprising: (a) maintaining said vertical column and said 



hearth at pressure from 30 to 250 psia (2.1 to 17.6 kg. /sq.cm. absolute);
(b) dividing the bottom condensate from said 20   scrubbing-separation zone
into three parts; (c) mixing a first part of said bottom condensate as a
portion of said recycle condensate with said overhead gas for cooling and
partial scrubbing thereof in said. scrubbing-separation zone to form
partially scrubbed 25 overhead gas; (d) cooling a second part of said
bottom conden- sate externally supplied refrigerant and contacting the
so-cooled second part with the partially scrubbed overhead gas from (c) in
said scrubbing-separation zone 30   as another portion of said recycle
condensate;    30 (e)  filtering the third part of said bottom condensate
in a first filter section to remove solid particulate material therefrom to
form  liquid waste having an organic portion; (f)  flowing a minor portion
of said liquid waste through a second filter section previously loaded with
solid particulate from the bottom condensate third part and re- moving the
solid particulate from said second filter section to form s-slurry recycle;
10             (g)  mixing said slurry recycle with fresh solid refuse to
form said refuse feed; (h)  flowing the remaining major portion of said
liquid waste to an incineration zone; (i)  diverting a minor part of said
product gas while discharging the product remainder from said process,, and
passing the so-diverted product gas to said incineration zone; 



(j)  providing air and passing same to said incinera- tion zone; 20
(k)  completely oxidizing the organic portion of the liquid waste remainder
in said incineration zone and forming hot discharge gas therein; (1)
flowing said hot discharge gas to a steam boiler zone along with feed water
for heat exchanging therein, and generating steam from said feed water
while partially cooling the incinerator ischarge gas; and (m) 'discharging
said steam from said steam boiler zone and recovering energy therefrom as
part of the refuse disposal process energy requirement.     2.      A
process according to claim 1, in which said refuse feed is pelletized
before introduction to the vertical column upper end. 3.      A process
according to claim 1 or 2 in which the 5  partially cooled incinerator
discharge gas from the steam boiler zone in step (1) is heat exchanged with
externally supplied air for preheating thereof, and the preheated air
comprises the air of step (j) passed to said inciner- ation zone. 10  4.
A process according to claim 1, 2 or 3 in which energy recovered from said
steam in step (m) is used to supply part of the air separation - oxygen
production energy requirement. 5.      A process according to claim 1, 2 or
3 in which 15   energy recovered from said steam in step (m) is used as the
air compression energy for the air separation-oxygen production. 6.      A
process according to any of claims I to 5 in which flows are periodically
switched between said first 



20   and second filter'section such that said third part of said bottom
condensate is filtered in said second filter section as step (e) after
particulate removal therefrom, and said minor portion of said liquid waste
is flowed through said first filter section as step (f) after 25
particulate loading thereon. 7.      A process according to any of claims 1
to 6 in which said third part of said bottom condensate comprises from 1.5
to 5.0 wt.% of the total bottom condensate. 8.      A process according to
any of claims I to 7 in 30   which the diverted minor part of said product
gas in step (i) comprises 10% to 25 mol% of the total product gas.    9.
A process according to any of claims 1 to 8 in which said product gas from
the scrubbing-separation zone is flowed through an electrostatic
precipitation zone for further separation of particulate, and said
particulate 5  is returned to said slurry recycle of step (g). 10.   A
process according to any of claims 1 to 9 in which said product gas from
the scrubbing-separation zone *   is cooled to form condensate, and said
condensate is Joined with said liquid waste from step (e). .10  11.
A.process according to any of claims I to 10 in which said vertical column
and said hearth are maintained at pressure of 50 to 100 psia (3.5 to 7.0 kg
./sq.cm. absolute). 12.    A process according to any of claims I to 11 in
15  which the liquid waste minor portion of step (f) comprises from 5 to 20
wt% of said liquid waste. *   13.    A process according to any of claims I
to 12 in which the temperature of the organic portion of the liquid waste
remainder in step (k) is raised to at least 20  [err] F (871.100). 



14.    A process according to any of claims I to 13 in which the air of
step (j) is preheated to 500 to [err] F (260 to 426.700). 15.    A process
for the disposal of solid refuse feed 25  substantially as herein described
with reference to and as illustrated in the Example. 16.    A process for
the disposal of solid refuse feed substantially as herein described with
reference to and as illustrated in Figure I of the accompanying drawings.
The text of the specification has been reproduced by photocopying the
applicants original typescript.  It may contain a few amendments which are
difficult to read.  The original typescript containing these amendments may
be inspected on the premises of the Patent Office    


