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3,016,981
METHOD AND APPARA I'US FGR QUENCHING
HIGH TEMPERATURE GASES

WilEred J. Fritz, Mew Rochele, M.Y., assignor to Foster

Wheeler Corporation, Mew York, N.Y., a corporatien
of Mew York
Filed May 29, 1968, Ser. No. 38,641
13 Claims. (1, 183—=27)

The present invention relates to the quenching of high
temperature gases and more particularly to methods and
apparatus for removing soot from high temperature
gases quenched by the direct liquid contacting of the
gas.

Many chemical reactions, particularly those involving
combustion require the rapid cooling or quenching of
the gaseous reaction products. For example, rapid cool-
ing of high temperature effluent gases from a pressurized
synthesis-gas generator in which a reactiomn involving
the partial combustion of natural gas with ozygen is
necesary. The same requirement exists for rapid cool-
ing of high-temperature effluent gases from a pressurized
gas generator in which fuel oil, coal, or other carbo-
naceous material is reacted wtih oxygen, oxygen en-
riched air, or air. Such cooling is frequently accom-
plished by the direct injection of a volatile liguid into
the hot product gases of the chemical reaction. The
temperature of the effluent gases is thus quickly lowered
due to the rapid transfer of heat from the gases into
the liquid, with the resultant vaporization of all or a
portion of the liquid medium. i

A highly effective apparatus for the quenching of high
temperature gases is described and claimed in U.S. Patent
No. 2,744,730 issued May 8, 1956 to Gilbert S. Merritt,
and in which patent a hydrocarbon fuel and gaseous
oxygen are burned to carbon monoxide and hydrocarbon
in the combustion chamber of a reactor. The products of
combustion are directed into a quench vessel which con-
tains a body of circulating liquid, and cooling is accom-
plished by the vaporization of part of the liquid. A
reservoir of quenching liquid is provided so as to per-
mit continuation of the quenching operation for a rea-
sonable period of time after stoppage or reduction of
the normal quench liquid glow to the quench vessel. The
patented apparatus provides a continuous internal cir-
culation of liquid by means of a gas-lift effect which per-
mits establishment of high liquid-to-gas ratios with effec-
tive gas and liquid contact.

The quenching apparatus of the above-mentioned Mer-
ritt patent operates effectively and to a great advantage
in those instances where the effluents of the reaction
contain small amounts of soot. The separated liguid
recycled from the reservoir to the quench vessel did not
contain objectionable quantities of soot, and soot concen-
tration in said liquid was maintained at low value by
merely blowing down small amounts of the soot-liquid
mixture. Any soot entrained in the gases leaving the
reservoir space was removed iu a scrubber prior to being
utilized in process equipment further down-stream. In
the production of synthesis gas, the concentration of soot
in the liquid in the quench apparatus should preferably
be kept at a low value. It has been found that when
fuel oil is reacted with the gaseous oxygen, large amounts
of soot are formed as a result of such reaction, and con-
sequently the soot concentration in the quench liquid
may rise to an objectionable value. It has been ob-
served in an extreme case that soot concentration can
build up to a point at which the soot-liquid mixture will
“set-up” and thereby arrest circulation. It has been ob-
served that suspensions of soot in water become thixo-
tropic when the soot cencentration becomes too high.
Increasing viscosity as the soot concentration becomes
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too high. Increasing viscosity as the soot concentration
rises, will inhibit circulation of the unevaporated liquid,
preventing proper cooling of the gas and removal of soot
from the quench vessel. In severe cases, reduction of
circulation may take place to the point where severe
overheating of the quench vessel will occur.

It is an object of the present invention to provide
novel methods and apparatus for remowing soot from
quenched high-temperature gases, and for reducing the
level of concentration of soot in liquid recycled for
quenching such gases.

The present invention therefore contemplates novel
methods and apparatus wherein the mixture of quenched
gases containing soot and unevaporated quench liquid
is separated into a gas stream containing a small quan-
tity of entrained soot and a liquid stream containing
a large amount of soot. The gas stream is conducted
through vapor-liquid contact means while part of the
liquid stream is recycled to the quench apparatus and
part passss to filtration equipment where substantially
1l of the soot is removed. The substantially soot-free
liquid from the filter then is passed imto the vapor-
liquid contact means in countercurrent contact with the
gas stream to scrub the soot particles therefrom and ren-
der the gases free of soot. The liquid leaving the vapor-
liquid contact means contains the soot scrubbed from
the gas stream and is collected for recycling to a quench
vessel wherein high temperature gases containing socot
are continuously introduced for quenching.

The invention will be understood from the following
description when considered in connection with the ac-
companying drawings forming a part thereof and in
which:

FIG. 1 is a flow diagram of the present invention and
shows a diagrammatic view, more or Iess, of the appa-
ratus therefor,

FIG. 2 is an elevational view, in section, of the scrub-
ber vessel of FIG. 1, and

FIG. 3 is a plan view, in section, taken along the line
3—3 of FIG. 2.

Like characters of reference refer to the same or to
similar parts throughout the several views.

Referring to the drawings, the apparatus of the pres-
ent invention, as illustrated, comprises a substantially
vertical quench vessel 1 having an outer vertical cylin-
drical casing or tube 13 mounted at the top thereof in
a flange 15, within which outer tube is disposed a sub-
stantially vertical and concentrically arranged inner tube
17. Inner tube 17 extends downwardly within outer
tube 13 to 'a point short of the bottom thereof and
has its outer periphery in spaced relationship with the
inner periphery of tube 13 to form a substantially ver-
tical annular passage 19 therebetween. The upper por-
tion of inner tube 17 is in communication with a reactor
vessel 21 (partly shown) and is provided with a liquid
inlet 23 in the side thereof through which liquid is intro-
duced therein from a conduit 24. The lower portion
of tube 17 is provided with a plurality of outlet perfora-
tions or apertures 25 to discharge a vapor and liquid
mixture therefrom into passage 19. The bottom of
outer tube 13 as shown is preferably open.

The lower portion of quench vessel 11 has a liquid
inlet 27 which has connected thereto one end of a
quench liquid conduit 29 (shown diagrammatically in
FIG. 1) which supplies quench liquid as for example
water to the vessel. " A conduit 3% is connected to out-
let 33 in the upper portion of quench vessel 11 to con-
vey from the vessel a gasliquid mixture as -will be
presently described.

The structure described up to this point is substantially
identical to that disclosed in the menticned Merritt patent
and in operation of such structure hot effluent and high
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pressure gases or vapor from a combustion reaction of a
carbonaceous material, as for exampie, fuel oil and oxy-
gen, flow downwardly frem reactor vessel 21 intc the
upper end of tube 17. Cooling liquid is introduced
through inlet 23 from conduit 24 to cool flange 13 and

the hot effiuent gases and liquid contact one another in

tube 17. The liquid evaporates and the gas thereafter
passes dewnwardly into the lower portion of tube 17
and out of the lower portion of the tube through perfora-
tions 25 into the annular passage 19 between tubes 13
and #7. Perforations 25 permit uniform distribution of
the mixture into passage 19. The higher upstream pres-
sure of the incoming effluent gases from the reactor 2%
causes the incoming gas and liquid to form a gas-liquid
phase or mixture which occupies the larger part of passage
18 during the whole time of operation of the apparatus.
Intimate gas-liquid mixing and contacting takes place in
passage 19 with part of the heat content in the original
high temperature effluent gas being transferred tc the
liquid to thereby flash a portion of the liquid from a
liquid state to a gaseous state to lower gas temperature.
The gas-liquid mixture thereafter flows upwardly in pas-
sage 19 and out thereof through tube 31 in the upper
portion of tube 13,

As indicated hereinbefore the combustion cf oxygen
and carbonaceous material results in the formation of
soot particles which if allowed to remain in the system
eventually reduce the quench liquid circulation to a point
wherein the system becomes inoperative. It is the pur-
pose of the present invention to provide effective novel
methods and apparatus for removing soot from the quench
gases and to maintain a low concentration of soct in the

‘quench liquid recycled to the quench vessel.. To this end

a substantially vertically disposed cylindrical scrubber
vessel 37 is provided with a vapor-liquid inlet 39 (FIG.
2) having the other end of conduit 31 connected thereto
for introducing the vapor-liguid mixture containing soot
particles into the vessel 37. Inlet 39 is in communication
with a separation chamber 41 defined by baille means 43
which comprises a horizontal plate or tray 45 and a verti-
cal plate 47. Plate 43 is generally circular but has a cut-
out portion which forms a straight edge 49. The pe-
ripheral edge of plate 45 is secured to the wall of vessel
37 by any suitable means as for example by welding, and
along its straight edge 49 is spaced from the wall of the
vessel. Plate 45 is provided with an upstanding cylindrical
member 51 which encompasses a vapor outlet 53 for
separation chamber 41. Vertical plate 47 has an upper
edge which is secured to straight edge 49 of plate 45
and side edges secured to the vessel wall (FIG. 3); the
lower edge 55 of plate 47 being spaced a slight distance
from the boitom of vessel 37 to form a passageway S7.
From. the construction described above, it will be seen
that separation chamber 41 is substantially flnid-tight
except for vapor outlet 53 and passageway 57. Plate 47
along its surface remote from chamber 41 is spaced from
the adjoining vessel wall to form a downcomer passage
59, for a purpose to be presenily described.
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A vertical partition 61 is provided in the bottom of

vessel 37 and in separation chamber 41 to form a pair
of auench liquid compartments 63 and 65. As best seen
in FIG. 2 the lower edge of partition 61 is secured to the
bottom of vessel 37 and the vertical edees of said parti-
tion are secured to the wall of the vessel (FIG. 3) while
an unper edee 67 is unsecured. An inclined deflection
member €9 is provided in separation chamber 41 and in
the path of eniry of the gas-liguid mixture into the
chamber for intercepting the incoming mixture. The
vapor-liauid mixturé npon entering vessel 37 separates by
gravity into a stteam of gas containing entrained soot
particles and a stream of liquid containing a large quantity
of soot. Separation of the mixture into the two streams
is aided, in part, by deflection member 69 but the pri-
mary function of the deflection member is to assure
the deflection of the liquid stream into liguid collection

60

65

70

75

4
compartment 63. It should be understood, however, that
the utilization of deflection member 6% is not essential
Ithough it serves to assure positive deflection of the
liquid stream into compartment 63. The separated gas
stream with the entrained soct leaves the separation
chamber through vapor outlet 53 and member 51 and is
defiected in its flow upwardly by a cap member 71,
whence the gas stream passes through vapor and liquid
contact means, generaily designated by the numeral 73.
Vapor-liquid contact means 73 consists of suitable pack-
ing as for example Raschig rings, which provide a large
surface for contact with a downwardly flowing scrubbing
liquid introduced into the top of vapor-liquid contact
means 73 by a conduit 75 from a source to be described
hereinafter. The gases in passing through the vapor-
fignid contact means have the entrained soot particles
scrubbed out of it and the clean gases flow out of the
top of the vessel 37 by way of a conduit 77 for use in
process equipment (not shown). The scrubbing liguid
together with the soot particles separated from the gases
flow out of the contact means and ounto horizontal plate
45 the downwardly flowing liquid being prevented from
entering separation chamber 41 by cap 71 and cylindrical
member 51. The scrubbing liquid then flows off plate 45
and passes through downcomer 59 and passageway 57
for collection in compartment 5. Quench liquid conduit
2% has its other end in communication with compart-
ment 65 whereby the liquid in the latter is conducted
to quench vessel 11, The liguid in compartment 63 con-
tains a substantial amount of soot and the same is con-
ducted by a conduit 79 to filtration equipment 81 shown
diagrammatically in FIG. 1. The liquid passing through
filtration equipment 8% has substantially all of the soot
removed therefrom and the soot-free liquid flows up-
wardly through a conduit 83 which is connected to con-
duit 75. The soot-free liquid then flows through conduit
75, whence. it enters vessel 37 above the vapor-liquid
contact means 73 as indicated above. Since some of the
liquid in quench vessel 11 vaporizes, part of the make-up
liquid for the system is provided through a conduit 85
connected to the juncture of conduits 75 and 83 at one
end and at its other end to a conduit 88 in communication
with a source of fluid (not shown). The conduit 24 also
is connected to said source of liquid and provides the
remainder of the make-up liquid partly supplied through
said conduit. ~ The liquid in conduit 24 also serves to cool
flange 15 which is subjected to the high temperature
gases emannting from reactor 21
In operation, the mixture of quenched gases containing
entiained soot and quench liquid flows out of the top of
quench vessel 11 through outlet 33 and is conducted by
conduit 31 to separation chamber 41 of scrubber vessel
37, where the mixture separates into a stream of gas con-
taining a small amount of entrained soot particles and a
stream of liquid containing a large amount of soot par-
ticles. The quench gases flow out of separation chamber
41 through vapor outlet 3 and into vapor liquid contact
means 73 while the soot-rich liquid collects in compart-
ment 63. The liquid in compartment 63 then flows
through conduit 79 to filtration equipment 81 where sub-
stantially all of the soot is removed and the scot-free
liquid flows through conduits 83 and 75, whence it is
introduced into the top of scrubber vessel 37. - The sooi-
free liquid in vessel 37 flows downwardly through vapor-
liquid contact means 73 in countercurrent  contact with
the quench gas containing entrained soot to remove same.
The soot-free gas leaves vessel 37 through conduit 77
while the scrubbing liquid with the scrubbed soof particles
flows through downcomer passage 5% and passageway 57,
whence it is collected in liquid compartment 65. The
liquid in compartment 65 is then conducted to the bottom
of quench vessel 11 by conduit 29 for quenching of the
gases entering the vessel from reactor 21
The structure of the present invention has besn de-
scribed hereinabove under a condition of operation where-
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in the primary purpose thereof is to provide an optimum
soot-free condition of the quench liquid conducted back
to the quench vessel 13 via conduit 29. Accordingly, the
liquid levels in both compartments 63 and 65 were main-
tained below edge 67 of partition 61 so as to prevent a
flow of liquid containing soot into compartment 5 which
contains relatively clean liguid. 1In practice, it may be
desired to provide a liquid level in chamber 41 which is
above edge 67 of partition 61 in order that some of the
soot containing liquid entering chamber 41 from con-
duit 39 also enters compartment 65 for flow through con-
duit 29 to quench vessel 13. In such event the socot con-
centration in the liquid conducted to vessel 13 would have
a slightly higher soot concentration than that described
hereinabove, but plant operation or economic conditions
may not require an optimum minimum soot concentration
in the quench Iiguid. It will be understood that the
amount of quench liquid necessary for quenching pur-
poses is quite large and if some of the necessary quench
liquid could be soot containing liquid, less liquid from
compartment €3 need pass through the filter 81 and, ac-
cordingly, the size of tie filter, which may be quite ex-
pensive, may be reduced.

The present invention also contemplates methods of
operation or structure wherein the fiitering action or filter
81 may be dispensed with. Most applications of the
present invention require, under governing laws or ordi-
nances of the area in which the plant may be located, that
the contaminated liguids such as the soot containing
liquid from conduit 79, not be permitted to flow into
waste disposal- systems. In addition, the economics of
the particular plants may dictate that the quench liquid
from the guench vessel be recircuiated because of the
great expense entailed in continually introducing fresh
liquid' or water into the plant. However, there may be
situations where governing regulations do not forbid the
discharge of contaminated liquids into waste disposal
systems and the expense of fresh water is not excessive.
In such event, filter 81 and conduit 83 may be omitted and
conduit 79 may be connected to waste while all of the
required water for quenching process may be obtained
from conduit 88.

Inasmuch as various modifications may be made in
the form of the invention herein disclosed and in the steps
of the method and the location of the parts of the appa-
ratus without departing from the principles thereof, it
will be understood that the invention is not to be limited
excepting by the scope of the appended claims.

What is claimed is:

1. A method for removing soot from a gas in a quench-
ing operation and for reducing the soot concentration
of a continuously recycled liquid utilized to quench the
gas, comprising the steps of, quenching incoming gas
containing soot with a liquid by intimately contacting
the gas with a confined liquid whereby a gas-liquid stream
containing soot is produced, separating the gas-liquid
stream in a separating zone into a gas stream containing
an amount of soot and a liquid stream also containing
an amount of soot, providing -a substantially clean
scrubbing liquid, scrubbing said gas with said scrubbing
liguid to thereby provide a substantially soot-free gas,
maintaining said scrubbing liquid substantially separate
from said liquid stream, and recycling said scrubbing
liquid to quench said incoming gas containing soot.

2. A 'method for removing: soot from a gas in a
quenching operation and for reducing the soot concen-
tration of a continuously recycled liquid utilized to quench
the gas, the steps comprising, quenching a gas contain-
ing soot with a liquid in a quenching zone by intimately
contacting the gas with a confined liquid whereby a gas-
liquid stream containing soot is preduced, conducting the
gas-liquid stream to a separation zone to separate the
gas-liquid stream into a'gas stream containing an amount
of soot and a stream of liquid also containing an amount
of soot, flowing the gas stream to a vapor-liguid contact
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zone, removing soot from said liquid stream to provide
a substantially clean scrubbing liquid, flowing the soot-
free scrubbing liquid into the vapor-liquid contact zone
countercurrent to the gas stream to remove the soot
therefrom, maintaining said scrubbing liquid substantially
separate from said soot-containing siream of liquid, and
recycling said scrubbing liquid from the vapor-liquid
contact zone to the quenching zone.

3. A method for removing soot from a gas in a quench-
ing operation and for reducing the soot concentration
of a continuously recycled liquid utilized to quench the

. gas, the steps comprising, quenching a gas containing soot

with a liquid in a quenching zone by intimately contact-
ing the gas with the liquid whereby a gas-liquid stream
containing soot is produced, conducting the gas-liquid
stream to a separation zone to separate the gas-liquid
strecm into an ascending gas stream containing an amount
of soot and a descending second stream of liquid also
containing an amount of soot, flowing the gas stream
upwardly through a vapor-liquid contact zone, collecting
the liquid stream containing soot in a first collection zone,
conducting the liquid from said first collection zcne to a
filtration zone to remove the scot from the liquid and to
provide a substantially soot-free scrubbing liquid, passing
said substantially soot-free scrubbing liquid from the fil-
tration zone downwardly through the vapor-liquid contact
zone in countercurrent contact with the gas stream to
remove soot from the latter, collecting the scrubbing
liquid containing scot from the vapor-liquid contact zone
in a second coilection zone, maintaining said scrubbing
liquid substantially separate from said liquid stream, and
recycling the scrubbing liquid containing soct from the
second collection zone to the quenching zomne.

4. A method for removing soct from a gas in a quench-
ing operation and for reducing the soot concentration of
a continuously recycled liquid utilized to guench the gas,
the steps comprising, gquenching a gas containing soot
with a liquid in a quenching zone by intimately contacting
the gas with a-body of liquid whereby a gas-liquid stream
containing soot is produced, conducting the gas-liquid
stream to a separation zone io separate the gas-lignid
stream into an ascending gas stream containing an amount
of soot and a descending second stream of liquid also
containing an amount of soot, fiowing the gas stream up-
wardly through a vapor-liquid contact zone, collecting
the liquid stream containing soot in a first collection zone,
conducting the liquid from said first collection zone to a
filtration zone to remove the soet from the liguid and to
provide a substantially soot-free scrubbing liquid, passing
said substantially soot-free scrubbing liquid from the filtra-
tion zone downwardly through the vapor-liquid contact
zone in countercurrent contact with the gas siream to re-
move soot from the latter, collecting the scrubbing liguid
containing soot from the vapor-liguid contact zone in a
second collection zone, maintaining said scrubbing liquid
substantially separate from said liquid stream, passing a
small portion of the liquid in said first collection zone to
said second collection zone in admixture with said soot-
free liguid, and recycling the mixture of lignids from the
second collection zone to the guenching zene.

5. A method for removing soct from a gas in a quench-
ing operation and for reducing the soot concentration of a
continuously recycled liquid utilized to querch the gas,
the steps comprising, quenching a gas containing soct with .
a liquid in a quenching zone by intimately contaciing the
gas with a body of liquid whereby a gas:liguid stream con-
taining soot is produced, conducting the gas-liquid stream
to a separation zone to separate the gas-liquid stream into
an ascending gas stream containing an amount of soot and
a descending second stream of liquid also containing an
amount of soot, flowing the gas stream upwardly through
a vapor-liquid contact zone, collecting the liguid stream
containing soot in a first collection zone, conducting the
Hquid from said first collection zone to a filtration zone to
remove the soot from the liquid and to provide a sub-
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stantially soot-free scrubbing liquid, passing said sub-
stantially soot-free scrubbing liquid from the filtration
zong downwardly through the vapor-lignid contact zone in
countercurrent contact with the gas stream to remove s00t
from the latter, -adding soot-free liquid from a source of
liquid in admixture with the substantially soot-free scrub-
bing liquid from the filiration zone prior to said last-men-
tioned liquid flowing to the vapor-liquid contact zone,
collecting the liquid containing soot from the vapor-liquid
contact zone in a second collection zone, maintaining
said scrubbing lguid substantially separate from said lig-
uid stream, and recycling the liquid containing soot from
the second collection zone to the guenching zone.

6. In apparatus of the class described, a quench vessel
including a reservoir of liquid for quenching high temper-
ature gases containing scot, means in said vessei for caus-
ing intimate mixing of a guench liquid while the liquid is
confined in said reservoir with the gases to provide a
stream of liquid and gas, separaiing means in communica-
tion with the quench vessel to receive said stream and to
separate it into a gas stream containing soot and 2 liquid
streams containing a relatively higher amount of soot,
vapor-liquid contact means for receiving the gas stream,
collection means for receiving the liquid stream contain-
ing soot, filtration means connected to said collection
means for receiving the liquid stream and removing sub-
stantially all of the soct therefrom to provide a soot-free
scrubbing liquid, means communicating the filtration
means with the vapor-liguid contact means to provide for
contact of the soot-free scrubbing liguid with the gas stream
to effect removal of the soot from the gas, and means con-
nected to receive the last-mentioned liquid and including
means for maintaining said scrubbing liguid substantially
separate from said soot-containing liquid stream for re-
cycling same back to the quench vessel for quenching the
high temperature gases therein.

7. In an apparatus of the class described, a quench ves-
sel containing a gas inlet for receiving and quenching high
femperature gases containing scot, a liquid inlet for said
quench vessel for receiving a quench liquid, means in said
quench vessel for causing intimate mixing of said liquid
with said gas to be quenched, an outlet for said vessel for
discharging a mixture of gas and liquid containing soot,
a scrubber vessel having an inlet connected to receive said
mixture from the quench vessel outlet, baffle means in
sald vessel forming a separation chamber and a pair of lig-
uid collection compartments, said separation chamber be-
ing arranged to receive said gas-liqnid mixture and pro-
viding for gravity separation of said mixture into a gas
stream having an amount of scot and a liquid stream also
containing soot, one of said collection compartments
being in communication with said separation chamber to
receive said liquid stream for collection therein, vapor-
liquid contact means arranged in said scrubber vessel for
receiving said gas stream, conduit means in communica-
tion with the scrubber vessel for introducing soot-free lig-
uid in ‘countercurrent contact with the gas containing scot
to remove the latter therefrom, outlet means in said
scrubber vessel for discharging soot-free gas therefrom,
means commiunicating the vapor-liquid contact means with
said other collection compartment for conducting to the
latter the liquid from the vapor-liquid contact means, and
means communicating said otker collection compariment
with the liquid inlet in said quench vesse] to recycle the
liguid from said other collection compartment to the
quench vessel.

8. In apparatus of the class described, a quench vessel

containing a gas inlet for receiving and quenching high -

temperature gases containing soot, a liquid inlet for said
quench vessel for receiving 2 quench liquid, means in said
quench vessel for causing intimate mixing of said liquid
with said gas to be quanched, an outlet for said vessel for
discharging a mixture of gas and liquid containing soot, a
scrubber vessel having an inlet connected to receive said
mixture from the quench vesse! outlet, baffle means in said
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ke
vessel forming a separation chamber and 2 pair of liguid
collection compartments, said separation chamber being
arranged to receive said gas-liguid mixture and providing
for gravity separation of said mixture into a gas stream
having an amount of soot and a liguid stream containing
soot, one of said collection compartments being in com-
munication with said separation chamber to receive said
liquid stream -for collection therein, vapor-liquid contact
means arranged in said scrubber vessel for receiving said
gas stream, filtration means connected to receive said
liquid from said one collection compartment for remov-
ing soot from said liquid to provide a substantially scot-
free liguid, means communicating the filtrafion means
with the vapor-liquid contact means to conduct the soot-
free liquid to the latter in countercurrent contact with the
gas containing soot tc remove the latter therefrom, outlet
means in said scrubber vessel for discharging soot-free gas
therefrom, means communicating the vapor-liquid cozitact
means with said other collection compartment for con-
ducting to the latter the liquid from the vapor-liquid con-
tact means, and means communicating said other coilec-
tion compartment with the lignid inlet in said quench ves-
sel to recycle the liquid from said other collection compart-

‘ment to the quench vessel.

9. In apparatus of the class described, a quench vessel
containing a gas inlet for receiving and quenching high
temperature gases containing soot, a liguid inlet for said
quench vessel for receiving a guench lignid, means in
said guench vessel for causing intimate mixing of said lig-
uid with said gas to be quenched, an outlet for said vessel
for discharging a mixture of gas and liquid containing
soot, a scrubber vessel vertically disposed and having an
inlet connected to receive said mixture from the quench
vessel outlet, baffle means in said scrubber vesszl form-
ing a separaticn chamber and a pair of liguid collection
compartments in the bottom of the vessel, said separation
chamber being arranged to receive said gas-liquid mixture
and providing for gravity separation of said mixture into a
gas stream containing an amount of soot and a liguid
stream also containing scot, one of said collection com-
partments being in communication with said separation
chrmber to receive said liquid stream for collection
therein, vapor-liquid contact means in said scrubber ves-
sel and sbove said baffle means for receiving said gas
stream for upward flow therethrough, filtration means con-
nected to receive said liquid from said one collection com-
partment- for removing soot therefrom to provide a sub-
stantielly scot-free liquid, conduit means connecting the
filtration means with the upper portion of the scrubber
vessel above the vapor-liquid contact means to provide for
passage of the soot-free liquid to the vessel and for flow
downwardly through and in countercurrent contact with
the gas stream ascending in the vapor-liquid contact means
to remove soof from said gas, cutlet means in said scrubber
vessel for discharging soot-free gas therefrom, means com-
municating the vapor-liquid contact means with said other
collection compartment for conducting to the latter the
liquid from the vapor-liquid contact means, and means
communicating said other collecticn compartment with
the liquid inlet of said quench vessel to recycle the liquid
from said other collection compartment to the quench
vessel. -

10. The apparatus of claim 9 wherein the pair of liquid
collection compartments are in open commumication with
the separation chamber, and a deflection member is dis-
posed in the separation chamber above the liquid collec-
tion compartments and in alignment with the inlet of said
scrubber vessel, said deflection member being arranged
in the path of entry of the gas and liquid mixture into
the scrubber vessel from the. quench vessel to direct the
separated liquid into said omne collection compartment.

11. In apparatus of the class dsscribed, 2 gquench veéssel
containing a ges inlet for receiving and quenching high
temperature gases containing soot, a liguid inlet for said
quench vessel for receiving a quench liguid, means in said
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quench vessel for causing intimate mixing of said liquid
with said gas to be quenched, an outlet for said vessel for
discharging a mixture of gas and liquid containing soot,
a scrubber vessel vertically disposed and having an inlet
connected to receive said mixfure from the quench vessel
outlet, baffle means disposed in the lower portion of the
vessel and cooperating with the wall of said vessel to form
a substantially fluid-tight vertically disposed separation
chamber in communication with the vessel inlet to receive
said gas-liquid mixture and providing for gravity separa-
tion of said mixture into a gas stream having an amount of
soot and a liquid stream also containing soof, said baffle
means having a vapor outlet at the top thereof to provide
for discharge of separated gas containing soot and a pair
of liquid collection compartments at the bottom thereof,
one of said collection compartments being in communica-
tion with said liquid stream for collection therein, vapor-
liquid contact means in said scrubber vessel above said
separation chamber for receiving said gas stream dis-
charged from said vapor outlet, cap means disposed over
said vapor outlet to deflect passage of gas from said vapor
outlet to said vapor-liquid contact means to prevent liguid
from the latter from passing into said vapor outlet, filtra-
tion means connected to receive said liquid from said one
collection compartment for removing soot from said liquid
to provide a substantially soct-free liquid, conduit means
communicating the filtration means with the vapor-liquid
contact means to conduct the soot-free liquid to the latter
in countercurrent contact with the gas containing soot to
remove the latter therefrom, outlet means in said scrubber
vessel for discharging soot-free gas therefrom, down-
comer means communicating the vapor-liquid contact
means with said other collection compartment for con-
ducting to the latter the liquid from the vapor-liquid con-
tact means, and conduit means communicating said other
collection compartment with the liquid inlet of said quench
vessel to recycle the liquid from said other collection com-
partment to the quench vessel.

12. The apparatus of claim 11 wherein the baffle means
comprises a horizontally disposed plate forming the top
of the separation chamber and secured along its perimeter
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to the wall of the vessel except at an edge portion thereof
where it is spaced from the vessel, the baffie means fur-
ther including a vertical plate secured at its upper edge to
the spaced edge portion of the horizontal plate and along
its vertical edges of the wall of said vessel and spaced
at its bottom edge from the bottom of the vessel, said
vertical plate being spaced along one side portion of the
vessel wall to form the downcomer passage in communi-
cation with the vapor-liquid contact means, and a short
vertical partition in said separation chamber spaced from
and adjacent the other vertical side of the vertical plate
and having its lower edge and side edges secured to the
bottom and middle of the vessel respectively, said vertical
pattition forming a common wall of the pair of liquid col-
lection compartments.

13. In apparatus of the class described, a quench vessel
for quenching high temperature gases containing soot,
means in said vessel for causing intimate mixing of a
quench liquid with said gases to provide a stream of lg-
uid and gas, separating means in communication with said
quench vessel to receive said stream and to separate it into
a gas stream containing soot and a liquid stream contain-
ing a relatively higher amount of soot, vapor-liquid con-
tact means for receiving said gas stream, collection means
for receiving said liquid stream containing soot, means for
providing a soot-free scrubbing liquid to said contact means
to effect removal of the soot from said gas stream, means
to collect said scrubbing liquid and to maintain it sub-
stantially separate from said first mentioned liquid stream,
and means to pass said scrubbing liquid to said quench
vessel for quenching the high temperature gases admitted
thereto.
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