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phases rapidly by use of centrifugal force or de- flection means. Chemical
reaction systems utilizing solids in     Nicholson U.S. Patent 2,737,479
combines contact with a gaseous or vaporized stream         reaction and
separation steps within a helically have long been employed. The solids may
par-        wound conduit containing a plurality of corn- ticipate in the
reaction as catalyst, provide heat  plete turns and having a plurality of
gaseous. required for an endothermic reaction, or both.    product drawoffs
on the inside surface of the Alternatively the solids may provide a heat
sink  conduit to separate solids from the gas phase by in the case of an
exothermic reaction. Fluidized  centrifugal force. Solids gravitate to the
outer bed reactors have substantial advantages, most        periphery of
the conduit, while gases concen- notably an isothermal temperature profile.
How-   trate at the inner wall, and are removed at the ever, as residence
time decreases the fluidized   drawoffs. Although the Nicholson reactor-
bed depth becomes shallower and increasingly      separator separates the
phases rapidly, it pro- unstable. For this reason tubular reactors
duces a series of gas product streams each at a employing solid-gas contact
in pneumatic flow         different stage of feed conversion. This occurs
have been used and with great success, par-       because each product
stream removed from the ticularly in the catalytic cracking of hydro-
multiple product draws offs, which are spaced carbons to produce gasolines
where reaction       along the conduit is exposed to the reaction residence
times are between 2 and 5 seconds.      conditions for a different time
period in a reac- As residence times become lower, generally   20   tion
device which has inherently poor contact below  2 seconds and specifically
below  1        between solids and gases. second, the ability to separate
the gaseous pro-    Ross et al U.S. Patent 2,878,891 attempted ducts from
the solids is diminished because      to overcome this defect by appending
to a stan- there is insufficient time to do so effectively.  dard riser
reactor a modification of Nicholson's This occurs because the residence
time require-   25   separator. Ross's separator is comprised of .a ments
of separation means such as cyclones        curvi-linear  conduit making  a
separation begin to represent a disproportionate fraction    through 1800
to [err]turn.Centrifugal force of the allowable reactor residence time. The
directs the heavier solids to the outside wall of problem is acute in
reaction systems such as     the conduit allowing gases that accumulate at
thermal cracking of hydrocarbons to produce   30   the inside wall to be
withdrawn through a single olefins and catalytic cracking to produce gaso-
drawoff. While the problem of product variation line using improved
catalysts where the total     is decreased to some extent, other drawbacks
of reactor residence time is between 0.2 and 1.0    the Nicholson apparatus
are not eliminated. seconds. In these reaction systems conven-
Both devices effect separation of gas  from tional separation devices may
consume more   35   solids by changing the direction of the gas 900 than
35%  of the allowable contact time          at the withdraw point, while
allowing solids to between the two phases resulting in product       flow
linearly to the separator outlet. Because degradation, coke formation, low
yields and       solids do not undergo a directional change at varying
severity.                                 the point of separation,
substantial quantities of In non-catalytic, temperature dependent   40
gas flow past the withdrawal point to the solids endothermic reactions,
rather than separating     outlet. For this reason both devices require a
the phases, it is possible to quench the entire   conventional separator at
the solids outlet to product stream  after the requisite reaction
remove excess gas from the solid particles. Un- period. However, these
solids are usually         fortunately, product gas removed in the con-
recycled and are regenerated by heating to high   45   ventional separator
has remained in intimate temperatures. A quench of the reactor effluent
contact with the solids, has not been quenched, prior to separation would
be thermally in-      and is, therefore, severely degraded. efficient.
However, it is economically viable to    Another. drawback of these devices
is  the make a primary separation of the-particulate     limitation on
scale-up to commercial size. As solids before quench of the gaseous stream.
The   50   conduit diameter increases the path travelled by residual solids
in the quenched stream may then   the mixed phase stream  increases propor-
be separated in a conventional separator inas-   tionately so that large
diameter units have much as solids gas contact is no longer a
separator residence times approaching those of concern.
conventional cyclones. Increasing velocity can In  some reaction systems,
specifically cata-     -  reduce residence time, but as velocities exceed
lytic reactions at low or moderate tempera-        18-22.5 m/sec (60 to 75
ft/sec.) erosion by tures, quench of the product gas is undesirable
particles impinging along the entire length of from a process standpoint.
In other cases the     the curvilinear path becomes progressively quench is
ineffective in terminating the reac-    worse. Reduction of the flow path
length by tion. Thus, these reaction systems require   60   decreasing the
radius of curvature of the con- immediate separation of the phases to
remove      duit also reduces residence time, but increases catalyst from
the gas phase. Once the catalyst   the angle of impact of solids against
the wall 



has been removed the mechanism for reaction       thereby accelerating
erosion. is no longer present.                               Pappas U.S.
Patent 3,074,878 devised a low The prior art has attempted to separate the
65  residence  time  separator using  deflection 2    3
0023 769                       4 means wherein the solid gas stream flowing
in a    outlets all being disposed normal to said flow tubular conduit
impinges upon a deflector plate    path. causing the solids, which have
greater inertia, to    Said flow path may have a height H, which is be
projected away from a laterally disposed gas    at least equal to the
internal diameter D; of the. withdrawal conduit located beneath said
deflec-   5    inlet, and, additionally, not less than 10.16 cm tor plate.
Again, solids do not change direction   (4 inches). while the gas phase
changes direction relative       The separator may have a mixed phase inlet
to the inlet stream  by only   resulting in      of inside diameter.[err]a
flow  path with a inherently high entrainment of solids in the
preferred width W between 0.75 and 1.25 D;, effluent gas. While baffles
placed across the   1o   and a gas outlet located between the mixed
withdrawal conduit reduce entrainment, these       phase inlet and solids
outlet at a preferred baffles as well as the deflector plate are subject
distance from the inlet which is no greater than to very rapid erosion in
severe operating condi-   4.0 D; as measured between their respective tions
of high temperature and high velocity.       centerlines. Such a separator
may comprise a Thus, many of the benefits of separators of the
secondary solids-gas separator, said secondary prior art are illusory
because of limitations in   separator removing essentially all of the
residual their efficiency, operable range, and scale-up     solids, a first
conduit connecting the gas outlet potential.
from the chamber to the secondary separator, a It is an object of the
separator of this inven   vessel for the discharge of solids, a second con-
tion to obtain a primary separation of particu-   20   duit connecting said
vessel and the chamber, late solids from a mixed phase gas-solid stream.
and pressure control means to maintain a height It is also an object of the
separator to effect  of solids in said second conduit to provide a the
separation rapidly and with a minimum of       positive seal between the
chamber and vessel. erosion.
The invention also comprises a method for An additional object of this
invention is to   25.  separating by centrifugal force particulate solids
provide a separator that obtains essentially       from  a dilute mixed
phase stream of gas and complete separation of gas from the solids
solids, the method comprising the steps of phase, although a controlled
flow of gas with      adding the mixed phase stream to a chamber the solids
phase is consistent with the opera-     having a flowpath of essentially
rectangular tion of the device.                                cross
section from an inlet of inside diameter Di Another object of this
invention is to provide     disposed normal to the flow path, said flow
path a separator to provide essentially complete        having a height H
equal to D; or 4 inches (10. 16 separation of solids from  the mixed phase
cm) whichever is greater, and a width W greater stream.
than or equal to 0.75 D; but less than or equal to A further object'is to
effect a separation at  35   1.25[err]disengaging solids from gas by
centri- 'high temperature and/or high velocity  condi-     fugal force
within said chamber along a bed of tions with a minimum of gas product
degrada-       solids found at a wall opposite to the inlet as the tion.
gas flows through said flow  path, the  gas Another object of this
invention is to provide .  changing direction [err]and the solids being a
method for rapidly attaining a primary separa-    40   projected 90 toward
a solids outlet, with- tion of solids from a mixed phase gas-solid
drawing the gaseous portion of the inlet stream stream.
.    .           .     from a gas outlet disposed [err]from the inlet,
These and other objects of this invention will   said gas outlet located
between the solids outlet be apparent from an inspection of the specifica-
and inlet the gas outlet being at a distant tion and figures and claims.
greater than 4[err]from the inlet  as measured between.  respective
centerlines    and According to the invention, there is  provided
withdrawing the solids by gravity through the a solids-gas separator
designedto effect rapid    solids outlet removal of particulate solids:from
a-dilute mixed     The invention will now be described by way phase stream
of solids and gas  the- separator   50   of example with reference to the
accompany- comprising a chamber for disengaging solids        ing drawings,
in which.:- from the incoming mixed phase stream, said            Figure 1
is a schematic flow diagram of the chamber having a mixed phase inlet, a
gas '        separator of the  present invention as appended phase outlet,
and a solids phase outlet, with the  to a typical tubular reactor. inlet at
one end of the chamber and the solids   55   Figure 2 is a cross sectional
elevational view 



outlet at the other end of the chamber, said'       of the preferred
embodiment of the separator. solids outlet being suitable for downflow of
dis-     Figure 3 is a cutaway view through section charged solids by
gravity, and the gas outlet       3-3 of Figure 2. therebetween being
oriented to effect a [err]         Figure 4 is a cutaway view through
section change in direction of the gas with respect to   60   3-3 of Figure
2 showing an anternative geo- the chamber inflow, characterized in that
said      metric configuration of the separator shell. chamber has
rectilinear or slight arcuate longi-      Figure 5 is a sketch  of the
separation device tudinal walls to form a flow path between the       of
the present invention indicating gas and inlet and solids outlet which is
essentially rect-  solids phase flow patterns in a separator not angular in
cross section with said inlet and    65   having a weir. 3    Figure 6 is a
sketch of an alternative          intimate contact with the solid phase.
This is embodiment of the separation device having a       accomplished
with a positive seal which has weir and an extended separation chamber.
been provided between the separator 14 and Figure 7 is a sketch of an
alternate embodi-    the stripping vessel 22. Finally, the separator 14
ment of the separation device wherein a    5    operates so that erosion is
minimized despite stepped solids outlet is employed, said outlet     high
temperature and high velocity conditions having a section colinear with the
flow path as   that are inherent in many of these processes. well as a
gravity flow section.                    The separator system of the
present invention is Figure 8 is a variation of the embodiment of
designed to meet each one of these criteria as is Figure 7 in which the
solids outlet of Figure 7 is  to   described below. used, but is not
stepped. Figure 9 is a sketch of a variation of the         Figure 2 is a
cross sectional elevational view separation device of Figure 7 wherein a
venturi    showing the preferred embodiment of solids- restriction  is
incorporated  in the colinear      gas separator 14 of the present
invention. The section of the solids outlet.                     separator
14 is provided with a separator shell Figure 10 is a variation of the
embodiment of   37 and is comprised of a solids-gas disengag- Figure 9
oriented for use with a riser type       ingchamber31
havinganinlet32forthemixed reactor.
phase stream, a gas phase outlet 33, and a solids phase outlet 34. The
inlet 32 and the Description of invention                           solids
outlet 34 are preferably located at oppo- Figure 1 is a schematic flow
diagram show-      site ends of the chamber 31, while the gas ing the
installation of the separator of the       outlet 33 lies at a point
therebetween. Clean- present invention in a typical tubular reactor     out
and maintenance manways 35 and 36 may system  handling dilute phase
solid-gas mix-       be provided at either end of the chamber 31. tures.
Solids and gas enter tubular reactor 13   25   The separator shell 37 and
manways 35 and 36 through lines 11 and  12 respectively. The reac-
preferably are lined with erosio  resistant tor effluent flows directly to
separator 14 where  linings 38, 39 and 41 respectively which may a
separation into a gas phase and a solids phase   be required if solids at
high velocities are en- stream  is effected. The gas hase is removed via
countered. Typical  commercially  available line 15, while the solid phase
is sent to strip-   30   materials for erosion resistant lining include
ping vessel 22 via line 16. Depending upon the     Carborundum   Precase
Carbofrax D, (Trade- nature of the process and the degree of separa-
mark) Carborundum Precast Alfrax 201 (Trade- tion, an inline quench of the
gas leaving the      mark) or their equivalent. A thermal insulation
separator via line 1 5 may be made by injecting    lining 40 may be placed
between shell 37 and quench material from line 17. Usually, the pro-   35
lining 38 and between the manways and their duct gas contains residual
solids and is sent to a  respective erosion resistant linings when the
secondary separator 18, preferably a conven-       separator is to be used
in high temperature ser- tional cyclone. Quench material should be intro-
vice. Thus, process temperatures above [err] F duced in line 15 in a way
that precludes back        [err] are not inconsistent with the utiliza-
flow of quench material to the separator. The   40   tion of this device.
residual solids are removed from separator 18        Figure 3 shows a
cutaway view  of the via line 21, while essentially solids free product
separator along section 3-3. For greater gas is removed overhead through
line 19. Solids   strength and ease of construction the separator from
lines 1 6 and 21 are stripped of gas         14 shell is preferably
fabricated from cylindrical impurities in fluidized bed stripping vessel 22
45   sections such as pipe 50, although other using  steam  or other inert
fludizing gas         materials may, of course, be used. It is essen-
admitted via line 23. Vapors are removed from     tial that  longitudinal
side walls 51 and 52 the stripping vessel through line 24 and, if eco-
should be rectilinear, or slightly arcuate as indi- nomical or if need be,
sent to downstream puri-   cated by the dotted lines 51 a and 52a. Thus, 



fication units. Stripped solids removed from the   50   flow path 31A
through the separator is essen- vessel 22 through line 25 are sent to
regenera-   tially rectangular in cross section having a tion vessel 27
using pneumatic transport gas       height H and width W as shown in Figure
3. The from line 26. Off gases are removed from the       embodiment shown
in Figure 3 defines the geo- regnerator through line 28. After regeneration
metry of the flow path by adjustment of the the solids are  then recycled
to reactor. 13 via       lining width for walls 51 and 52. Alternatively,
line  1'.                                         baffles, inserts  weirs
or other means may be The separator 14 should disengage solids        used.
In like fashion the configuration of walls rapidly from the reactor
effluent in order to pre-  53 and 54 transverse to the flow path may be
vent product degradation and ensure optimal        similarly shaped,
although this is not essential. yield and selectivity of the desired
products.  6    Figure 4 is a cutaway view along Section 3-3 Further, the
separator 14 operates in a manner    of Figure 2 wherein the separation
shell 37 is that eliminates or at least significantly reduced  fabricated
from a rectangular conduit. Because the amount of gas entering the
stripping vessel   the shell 37 has rectilinear walls 51 and 52 it is 22
inasmuch as this portion of the gas product    not necessary to adjust the
width of the flow would be severely degraded by remaining in  65   path
with a thickness of lining. Linings 38 and 4    7                   0023
769                       8 40 could be added for erosion and thermal
would be too close to one another to allow resistance respectively.
welded fabrication. Again, referring to Figure 2, inlet 32 and          It
has been found that the height of flow path outlets 33 are disposed normal
to flow path         H should preferably be at least equal to the 31A
(shown in Figure 3) so that the incoming    5    value of D; or 10.16 cm (4
inches) in height, mixed phase stream from inlet 32 is required to
whichever is greater. Practice teaches that if H undergo a[err]change in
direction upon enter-      is less than D; or 4 inches the incoming stream
ing the chamber. As a further requirement, how-     is apt to disturb the
bed solids 42 thereby re- ever, the gas phase outlet 33 is also oriented so
entraining solids in the gas product leaving that the gas phase upon
leaving the separator   10  through outlet 33. Preferably H is of the order
of has completed a [err]change in direction.          twice[err]tpobtain
even greater separation effi- Centrifugal force propels the solid particles
to  ciency. While not otherwise limited, it is the wall 54 opposite inlet
32 of the chamber        apparent that too large an H eventually merely 31,
while the gas portion having less momen-       increases residence time
without substantive turn flows through the vapor space of the    15
increases in efficiency. The width W of the flow chamber 31. Initially,
solids impinge on the wall  path is preferably between 0.75 and 1.25 times
54, but subsequently accumulate to form  a         D;, most preferably
between 0.9 and 1.10 D;. static bed of solids 42 which ultimately form in
Outlet 33 may be of any suitable diameter. a surface configuration having a
curvilinear arc    However, velocities greater than 22 5 i /sec (75 43 of
approximately 900. Solids impinging upon   20    [err] the bed are moved
along the curvilinear arc 43      ft/sec) can cause erosion because of
residual the bed are moved along the curvilinear arc  entrained in the gas.
The inside diameter to the solids outlet 34, which is oriented for downflow
of solids by gravity. The exact shape      differential between stripping
vessel 22 of the arc 43 is determined by the geometry of      shown in
Figure 1 and the separator 14 exist the particular separator and the inlet
stream    25   such that a static height of solids is formed in parameters
such as velocity, mass flowrate,         solids outlet line 16. The static
height of solids bulk density, and particle size. Because the force  in
line 16 forms a positive seal which prevents imparted to the incoming
solids is directed against the static bed 42 rather than the separa-
gases from the the stripping vessel 22. The tor 14 itself, erosion is
minimal. Separator effi-  30    magnitude of the pressure differential
between ciency, defined as the removal of solids from the   the stripping
vessel 22 and the separator 14 is solids from the         determined by the
force required to move the gas phase leaving through outlet 33 is, there-
solids in bulk flow to the solids outlet 34 as well fore, not affected
adversely by high inlet         as the height of solids in line 16. As the
differ- velocities, up to 45 in/sec (150 ft/sec.) and the   ential
increases the net flow of gas to the strip- separator 14 is operable over a
wide range of  35    ping vessel 22 decreases. Solids, having gravi- dilute
phase densities, preferably between 0.15 and dilute phase densitiesand 10.0
[err]   The   tational momentum, overcome the differential, separator 14 of
the present invention achieves     while gas preferentially leaves through
the gas The separator 14 of the present invesntion achieves  outlet 33.
efficiencies of about 80%, although the pre- 



ferred  embodiment, discussed  below, can   40        By regulating the
pressure in the stripping obtain over 90% removal of solids.
vessel 22 it is possible to control the amount of It has been found that
separator efficiency is   gas going to the. stripper. The pressure regulat-
dependent upon separator geometry inasmuch         ing means may include a
check of "flapper" as the flow  path must be essentially rect-
valve 29 at the outlet of line 16, or a pressure angular and the
relationship between height H,   45    control 29a device on vessel 22.
Alternatively, and the sharpness of the U-bend in the gas flow.    as
suggested above, the pressure may be regu- Referring to Figures 2 and 3 we
have found       lated by selecting the size of the outlet 34 and that for
a given height H of chamber 31,            conduit 16 to obtain hydraulic
forces acting on efficiency  increases as the--   [err]    U-bend   the
system that set the flow of gas to the strip- between inlet 32 and outlet
33 becomes pro-   50    per 32. While such gas is degraded, we have
gressively sharper, that is, -as  outlet 33 is     found that an increase
in separation efficiency brought progressively closer to. inlet 32. Thus,
occurs with a bleed of gas to the stripper of less for a given H the
efficiency of the separator       than  10%, preferably between 2 and 7%.
increases as the flow path and, hence, resi-        Economic and process
considerations would dence time decreases. Assuming an inside dia-   55
dictate whether this mode of operation should meter D, of inlet 32, the
preferred distance CL     be used. It is also. possible to design the
system between the centerlines of inlet 32 and outlet      to obtain a net
backflow of gas from the strip- 33 is less than 4.0 D,, while the most
preferred    ping vessel. This gas flow should be less than distance
between said centerlines is between        10% of the total feed gas rate.
1.5 and 2.5 D,. Below 1.5 D, better separation is   60  By establishing a
minimal  flow path, con- obtained but difficulty in fabrication makes this
sistent with the above recommendations, resi- embodiment less attractive in
most instances.       dences times as low as 0.1 seconds or less may Should
this latter embodiment be desired, the       be obtained, even in
separators having inlets separator 14 would probably require a unitary
over 0.9 m (3 feet) in diameter. Scale-up to 1.8 casting design because
inlet 32 and outlet 33   65    m  (6 feet) in diameter is possible in many
5    I 9    0023 769                        10 systems where residence
times approaching 0.5      outlet is not stepped. Although a weir is not
seconds are allowable.                              used, the outlet
restricts solids flow which helps In the preferred embodiment of Figure 2 a
form the bed 42. As in Figure 6, an extended L weir 44 is placed across the
flow path at a point  distance between the gas outlet and solids at or just
beyond the gas outlet to establish a    5    outlet may be used. positive
height of solids prior to solids outlet 34.  The separator of Figure 7 or 8
may be used in By installing a weir (or an equivalent restric-
conjunction with a venturi, an orifice, or an tion) at this point a more
stable bed is estab-     equivalent flow restriction device as shown in
lished thereby reducing turbulence and erosion.    Figure 9. The venturi 69
having dimensions D, Moreover, the weir 44 establishes a bed which   10
(diameter at venturi inlet), D, {diameter at has a crescent shaped
curvilinear arc 43 of        venturi throat) and 0 (angle of cone formed by
slightly more than[err] An arc of this shape       projection of convergent
venturi walls) is placed diverts gas towards the gas outlet and creates
in the co-linear section 66 of the outlet 65 to the U-shaped gas flow
pattern illustrated dia-      greatly improve dearation of solids. The
embodi- grammatically in line 45 in Figure 2. Without   15    ment of
Figure 10 is a variation of the separa- the weir 44 an arc somewhat less
than or equal      tor shown in Figure 9. Here, inlet 32 and outlet
to[err]would be formed, nad which would             33 are oriented for use
in a riser type reactor. extend asymptotically toward outlet 34 as
Solids are propelled to the wall 71 and the bed shown by dotted line 60 in
the schematic dia-      thus formed is kept in place by the force of the
gram of the separator of Figure 5. While neither   20   incoming stream. As
before the gas portion of efficiency nor gas loss (to the stripping vessel)
is  the feed follows the U-shaped pattern of line affected adversely, the
flow pattern of line 61    45. However, an asymptotic bed will be formed
increases residence time, and more import-         unless there is a
restriction in the solids outlet. antly, creates greater potential for
erosion at    A weir would be ineffective in establishing bed areas 62, 63
and 64.                         25    height, and would deflect solids into
the gas The separator of Figure 6 is a schematic dia-    outlet. For this
reason the solids outlet of Figure gram of another embodiment of the
separator        9 is preferred. Most preferably, the venturi 69 is 14,
said separator 14 having an extended           placed in co-linear section
66 as shown in separation chamber in the longitudinal dimen-      Figure 10
to improve the deaeration of the sion. Here, the horizontal distance L
between    30   solids. Of course, each of these alternate the gas outlet
34 and the weir 44 is extended to   embodiments may have one or more of the



establish a solids bed of greater length. L is pre-  optional design
features of the basic separator ferably less than or equal to 5 D,.
Although the   discussed in relation to Figures 2, 3 and 4. gas flow
pattern 61 does not develop the pre-         The separator of the present
invention is ferred U-shape, a crescent shaped  arc is   35    more clearly
illustrated and explained by the obtained which limits erosion potential to
area    examples which follow. In these examples, 64. Embodiments shown by
Figures 5 and 6 are       which are based on data obtained during experi-
useful when the solids loading of the incoming     mental testing of the
separator design, the stream is low. The embodiment of Figure 5 also
separator has critical dimensions specified in has the minimum pressure
loss and may be   40   Table 1. These dimensions (in centimetres used when
the velocity of the incoming stream      except as noted) are indicated in
the various is low.                                            drawing
figures and listed in the Nomenclature As shown in Figure 7 it is equally
possible to   below: use a stepped solids outlet 65 having a section     CL
Distance between inlet and gas outlet 66 co-linear with the flow path as
well as a    45       centerlines gravity flow section 67. Wall 68 replaces
weir           Inside diameter of inlet 44, and arc 43 and flow pattern 45
are similar      Inside diameter to the preferred embodiment of Figure 2.
Inside diameter of gas outlet Because solids accumulate in the restricted
co-     DO  Inside diameter of solids outlet linear section 66, pressure
losses are greater.   50    Dv   Diameter of venturi inlet This embodiment,
then, is not preferred where       DVt  Diameter of venturi throat the
incoming stream is at low velocity and can-     H    Height of flow path
not supply sufficient force to expel the solids     Hw   Height of weir or
step through outlet 65. However, because of the          L    Length from
gas outlet to weir or step as restricted solids flow path, better
deaeration is        indicated in Figure 6 obtained and gas losses are
minimal.                W    Width of flow path Figure 8 illustrates
another embodiment of        0    Angle of cone formed by projection of the
separator 14 of Figure 7 wherein the solids          convergent venturi
walls, degrees 60 6    0023 769    11                 0023 769
12 Example 1                                         range for CL which is
between 1.50 and 2.50 In this example a separator of the preferred    D;.
Residence time increased to 0.01 seconds, embodiment of Figure 2 was tested
on a feed       while efficiency was 73.0%. mixture of air and silica
alumina. The dimen- sions of the apparatus are specified in Table 1.
Example 6 Note that the distance L from the gas outlet to      Same
conditions apply as for Example 5 the weir was zero.
except that the solids loading was increased to The inlet strearri was
comprised of 85          10%  lbs./min (46 kg/min) to give a stream [err]
(2.55 m3/min of air and 52 lbs/min       density of 1.18 lbs/ft3 (1 7
kg/m3). As observed (23.4 kg/min) of silica alumina having a bulk   to
previously in Examples 3 and 4, the separator density of 70 lbs/ft3 (31.5
kg/min) and an aver-  efficiency increased with higher solids loading age
particle size of 100 microns.                 to 90.6%. The stream density
was 0.612 lbs/ft3 (1 kg/m3) and the operation was performed at
Example 7 ambient temperatures and atmospheric pres-   15      The
preferred separator configuration of sure. The velocity of the incoming
stream         Figure 7 was tested in this Example. However, through the 2
inch (5 cm) inlet was 65.5 ft./sec  in this example the apparatus was
increased in (19.6 m/sec) while the output gas velocity was    size over
the previous examples by a factor of 85.6 ft./sec (25 m/sec) through a 1.75
inch (4.4  nine based on flow area. A 6 inch (15 cm) inlet cm) diameter
outlet. A positive seal of solids in   20   and 4 inch (10 cm) outlet were
used to process the solids outlet prevented gas from  being       472
ft.3/min (14 ml/min) of air and 661 lbs/min entrained in the solids leaving
the separator.    (297.5 kg/min) of silica alumina at [err] Bed solids were
stabilized by placing a 0.75       [err] and 12 psig (9 kg/cm2). The
respective inch (1.9 cm) weir across the flow path.          velocities
were 40 and 90 ft./sec (12 and 27 The observed  separation  efficiency was
25   m/sec). The solids had a bulk density of 70 89.1% and was accomplished
in a gas phase         lbs/ft.3 (1050 kg/m3) and the stream density 



residence time of approximately 0.008 seconds.    was 1.37 [err]   (50
[err] . Distance CL Efficiency is defined as the percent removal of
between inlet and gas outlet centrelines was 11 solids from the inlet
stream.                     inches (2.75 cm), or 1.83 times the inlet dia-
30   meter; distance L was zero. The bed was stabi- Example 2
lized by a 2.25 inch (5.5 cm) weir, and gas loss The gas-solids mixture of
Example 1 was pro-    was prevented by a positive seal of solids. How-
cessed in a separator having a configuration      ever, the solids were
collected in a closed illustrated by Figure 6. In the example the L
vessel, and the pressure differential was such dimension is 2 inches (5
cm); all other dimen-   35   that a positive flow of displaced gas from the
sions are the same as Example 1. By extending     collection vessel to the
separator was observed. the separation chamber along its longitudinal
This volume was approximately 9.4 ft.[err] (.28 dimension, the flow pattern
of the gas began to   m3/min). Observed separator efficiency was deviate
from the U-shaped discussed above. As     90.0%  and the gas phase
residence time a result residence time was longer and turbu-   40
approximately 0.02 seconds. lence was increased. Separation efficiency for
this example was 70.8%.                           Example 8 The separator
used in Example 7 was tested Example 3
with an identical feed of gas and solids. How- The separator of Example 2
was tested with   45   ever, the solids collection vessel was vented to an
inlet stream comprised of 85 [err]   (2.4      the atmosphere and the
pressure differential m3/min) of air and 102 lbs./min (46 kg/min) of
adjusted such that 9% of the feed gas, or 42.5 silica alumina which gave a
stream density of     ft.[err] (1.2 m3/min) exited through the solids 1.18
lbs./ft.3 (17 [err]  or approximately twice  outlet at a velocity of 3.6
ft/sec. (0.98 m/sec) that 'of Example 2. Separation  efficiency    50
Separator efficiency increased with' this posi- improved to 83.8%.'
tive bleed through the solids outlet to 98.1%. Example 4
Example 9 The preferred separator of Example 1 was          The separator
of Figure 8 was tested in a unit tested at the inlet flow rate of Example
3. Effi- -. 55   having a 2 inch (5 cm) inlet and a 1 inch (2.5 ciency
increased slightly to 91.3%.               cm) gas outlet. The solids
outlet was 2 inches (5 cm) in diameter and was located 10 inches (25
Example 5                                         cm) away from the gas
outlet (dimension l). A The separator of Figure 2 was tested at the
weir was not used. The feed was comprised of conditions of Example 1.
Although the separa-   60   85 ft.3/min (2.5 [err]   of air and 105 lbs/min
tion dimensions are specified in Table 1 note     (47 kg/min) of spent
fluid catalytic cracker that the distance CL between inlet and gas
catalyst having a bulk density of 45 lbs/ft3 (630 outlet centerlines was
5.875 inches (14.5 cm)     [err]  and an average particle size of 50 or
about three times the diameter of the inlet.   microns. This gave a stream
density of 1.20 This dimension is outside the most preferred    65
lbs/ft.3 (18 [err].  Gas inlet velocity was 65 8    13
0023769                        14 ft./sec (1 9.5 m/sec) while the gas
outlet velocity  4. The separator of Claim 3 wherein the was 262 ft/sec.
(87 m/sec). As in Example 7        distance between inlet and gas outlet
center- there was a positive counter-current flow of       lines is no less
than 1.5 Di but no greater than displaced gas from the collection vessel to
the    2.5 [err] separator. This flow was approximately 1.7    5      5.
The separator of claim 3 or 4 wherein the ft.[err] (0.051 [err]   at a
velocity of 1.3       height H of the flow path is twice [err] ft./sec
(0.39 m/sec). Operation was at ambient       6. The separator of Claim  5
wherein the temperature and atmospheric pressure. Separa-      width S of
the flow path is no less than 0.9 [err] tor efficiency was 95.01%.
but no greater than L. 10 [err] 10     7. The separator of claim 3 having a
solids Example 10                                         removal outlet
the first section of which is co- The separator of Figure 9 was tested on a
linear with the flow path and the second section feed comprised of 85
ft.[err] (2.5 [err]   of air  normal to the first section, and aligned for
and 78 lbs/min (35 kg/min) of spent fluid Cata-    down-flow of solids by
gravity. lytic Cracking catalyst. The inlet was 2 inches (5   15  8. The
separator of Claim 7, further compris- cm) in diameter which resulted in a
velocity of    ing a flow restriction placed within the co-linear 65
ft./sec (19.5 m/sec) the gas outlet was 1       section of the solids
removal outlet. inch (2.5 cm) in diameter which resulted in an       9. The
separator of Claim 8 wherein the flow outlet velocity of 262 ft./sec (79
m/sec). This    restriction is an orifice. separator had a stepped solids
outlet with a   20     10. The separator of Claim 8 wherein the 



venturi in the co-linear section of the outlet. The  flow restriction is a
venturi. venturi south was 2 inches (5 cm) in diameter,        11. The
separator of claim 1, 2 or 3, further while the throat was 1 inch (2.5 cm).
A cone of    comprising a weir placed across the flow path [err] was formed
by projection of the con-         beyond or at the gas outlet but before
the solids vergent walls of the venturi. An observed effi-   25    outlet.
ciency of 92.6% was measured, and the solids          12. The separator of
Claim 1, 2 or 3, having a leaving  the  separator  were  completely
chamber fabricated of circular cross section, deaerated except for
interstitial gas remaining in  said separator further comprising flow path
the solids' voids.                                 shaping means whereby
the flow path geo- metry is made essentially rectangular. Claims
13. The separator of claim 12 wherein the shaping means is a lining of a
ceramic material 1. A solids-gas separator designed to effect     placed
upon the chamber walls. rapid removal of particulate solids from a dilute
14. The separator of claim 12 wherein the mixed phase stream  of solids and
gas,' the    35   shaping means are baffles inserted into the separator
comprising a chamber for disengag-       separator chamber. ing solids from
the incoming mixed phase             15. The separator of claim 1, 2 or 3,
whose stream, said chamber having a mixed phase          chamber walls are
lined with an erosion inlet (14), a gas phase outlet (15), and a solids
resistant lining. phase outlet (16), with the inlet (14) at one end    40
16. The separator of claim 1, 2, 3, 6 or 7 of the chamber and the solids
outlet (16) at the   whose chamber walls are lined with a thermal other end
of the chamber, said solids outlet ( 16)  insulation lining. being suitable
for downflow of discharged solids   17. The separator of claim 15 further
com- by gravity, and the gas outlet (15) there-        prising  a thermal
insulation  lining placed between being oriented to effect a [err]change
45    between the chamber walls and the erosion in direction of the gas
with respect to the        resistant lining. chamber inflow, characterised
in that said            18. The separator of claim 1, 2, 3, 7 or 8 chamber
has rectilinear or slight arcuate longi-   having a chamber whose
longitudinal dimen- tudinal walls to form a flow path between the      sion
is extended beyond the gas outlet by a inlet (14) and solids outlet (16)
which is essen-   50 -   length L. tially rectangular in cross section with
said inlet   - - 19. The separator of claim 18 whose length L (14) and
outlets (15, 16) all being disposed       of the chamber extension is less
than or equal to normal to said flow path.                          5 [err]
2. The separator of Claim 1 wherein said flow      20. The separator of
claim 1, 2, 3 or 7 further path has a height, H,. which is at least equal
to   55   comprising a clean-out manway on one or both the internal
diameter,[err]ofthe inlet, and, addl-  ends of the separator chamber.
tionally, not less than 10.16 cm (4 inches).          21. The separator of
claim 3, further com- 3. The separator of claim 2 having a mixed
prising a secondary solids-gas separator, said phase inlet of inside
diameter [err] and which is  secondary separator removing essentially all
of further characterized by a flow path with a    60   the residual solids,
a first conduit connecting the width W between 0.75 and 1.25[err]and having
gas outlet from the chamber to the secondary a gas outlet located between
the mixed phase       separator, a vessel for the discharge of solids, a
inlet and solids outlet at a distance from the     second conduit
connecting said vessel and the inlet which is no greater than 4.0 [err] as
chamber, and, pressure control means to main- measured between their
respective centerlines.    65   tain a height of solids in said second
conduit to 9    13                   0023 769                        14
ft./sec (19.5 m/sec) while the gas outlet velocity     4. The separator of
Claim  3 wherein the was 262 ft/sec. (87 m/sec). As in Example 7
distance between inlet and gas outlet center- there was a positive
counter-current flow of          lines is no less than 1.5 Di but no
greater than displaced gas from the collection vessel to the       2.5
[err] separator. This flow  was approximately 1.7    5        5. The
separator of claim 3 or 4 wherein the ft.[err] (0.051 m3/min) at a velocity
of 1.3          height H of the flow path is twice [err] ft./sec (0.39
m/sec). Operation was at ambient          6. The separator of Claim  5
wherein the temperature and atmospheric pressure. Separa-         width S
of the flow path is no less than 0.9 [err] tor efficiency was 95.01%.
but no greater than L.1 0 [err] 10      7. The separator of claim 3 having
a solids Example 10                                            removal
outlet the first section of which is co- The separator of Figure 9 was
tested on a          linear with the flow path and the second section feed
comprised of 85 ft.3/min (2.5 [err]   of air     normal to the first
section, and aligned for 



and 78 lbs/min (35 kg/min) of spent fluid Cata-       down-flow of solids
by gravity. lytic Cracking catalyst. The inlet was 2 inches (5    15  8.
The separator of Claim 7, further compris- cm) in diameter which resulted
in a velocity of       ing a flow restriction placed within the co-linear
65 ft/sec (19.5 m/sec) the gas outlet was 1           section of the solids
removal outlet. inch (2.5 cm) in diameter which resulted in an          9.
The separator of Claim 8 wherein the flow outlet velocity of 262 ft./sec
(79 m/sec). This       restriction is an orifice. separator had a stepped
solids outlet with a    20       10. The separator of Claim 8 wherein the
venturi in the co-linear section of the outlet. The   flow restriction is a
venturi. venturi south was 2 inches (5 cm) in diameter,           1 1. The
separator of claim 1, 2 or 3, further while the throat was 1 inch (2.5 cm).
A cone of       comprising a weir placed across the flow path [err] was
formed by projection of the con-            beyond or at the gas outlet but
before the solids vergent walls of the venturi. An observed effi-   25
outlet. ciency of 92.6% was measured, and the solids             12. The
separator of Claim 1, 2 or 3, having a leaving  the   separator  were
completely            chamber fabricated of circular cross section,
deaerated except for interstitial gas remaining in    said  separator
further comprising flow  path the solids' voids.
shaping means whereby the flow path geo- 30    metry is made essentially
rectangular. Claims                                                   13.
The separator of claim 12 wherein the shaping means is a lining of a
ceramic material 1. A solids-gas separator designed to effect       placed
upon the chamber walls. rapid removal of particulate solids from a dilute
14. The separator of claim 12 wherein the mixed phase stream  of solids and
gas, the    35    shaping means are baffles inserted into the separator
comprising a chamber for disengag-          separator chamber. ing solids
from  the incoming mixed phase                15. The separator of claim 1,
2 or 3, whose stream, said chamber having a mixed phase             chamber
walls are lined with an  erosion inlet (14), a gas phase outlet (15). and a
solids     resistant lining. phase outlet (16), with the inlet (14) at one
end    40  16. The separator of claim 1, 2, 3, 6 or 7 of the chamber and
the solids outlet (16) at the      whose chamber walls are lined with a
thermal other end of the chamber, said solids outlet (1 6)    insulation
lining. being suitable for downflow of discharged solids         17. The
separator of claim 15 further com- by gravity, and the gas outlet (15)
there- '          prising  a thermal insulation  lining  placed between
being oriented to effect a 1800 change    45    between the chamber walls
and the erosion in direction of the gas with respect to the
resistant lining. chamber inflow, characterised  in that said
18. The separator of claim 1, 2, 3, 7 or 8 chamber has rectilinear or
slight arcuate longi-      having a chamber whose longitudinal dimen-
tudinal walls to form a flow path between the         sion is extended
beyond the gas outlet by a inlet (14) and solids outlet (16) which is
essen-    so   length L. tially rectangular in cross section with said
inlet      19. The separator of claim 18 whose length L (14) and outlets
(15, 16) all being disposed          of the chamber extension is less than
or equal to normal to said flow path.                             5 [err]
2. The separator of Claim 1 wherein said flow         20. The separator of
claim 1, 2, 3 or 7 further path has a height, H, which is at least equal to
55    comprising a clean-out manway on one or both the internal diameter,
[err]oftheinlet, and, addi-    ends of the separator chamber. tionally, not
less than 10.16 cm (4 inches).             21. The separator of claim 3,
further com- 3. The separator of claim 2 having a mixed          prising a
secondary solids-gas separator, said phase inlet of inside
diameter[err]andwhich is        secondary separator removing essentially
all of further characterized by a flow  path with a    60   the residual
solids, a first conduit connecting the width W between 0.75 and
1.25[err]and having          gas outlet from the chamber to the secondary a
gas outlet located between the mixed phase          separator, a vessel for
the discharge of solids, a inlet and solids outlet at a distance from the
second conduit connecting said vessel and the inlet which is no greater
than 4.0 D, as              chamber, and, pressure control means to main-
measured between their respective centerlines.  6s   tain a height of
solids in said second conduit to 9 C   L   M   S    15                 0023
769                       16 provide a positive seal between the chamber
Patentanspruche and vessel. 22. The separator of claim 21 further corn-
1.  Ein  Feststoff-Gas-Ausscheider  zum prising quench means located in the
first         schnellen Abtrennen von Feststoffteilchen aus conduit.
5    einem verdunnten Feststoff-Gas-Strom in der 



23. The separator of claim 22 wherein the       Mischphase; der Abscheider
enthalt eine preferred quench means is a spray nozzle for      Kammer zum
Abtrennen von Feststoff aus dem injection of quench fluid.
einflie~enden  Mischenphasenstrom   die be- 24. The separator of claim 21
wherein the       sagte Kammer besitzt einen Mischphasenein- chamber has a
solids removal outlet the first    o    lal& (14), elnen Gasphasenabzug
(15) sowie section of which is co-linear with the flow path  einen
Feststoffphasenauslal (16), wobei sich and the second section normal to the
first        der EinlaM (14) an einem Ende der Kammer und section, and
aligned for downflow of solids by    der FeststoffalslaB (16) am anderen
Ende der gravity, said first section being stepped away    Kammer befindet;
der besagte FeststoffauslaG from the wall of the chamber opposite the
inlet.   15   (16) eignet sich ium AbflieBen des abgetrenn- 25. The
separator of claim 21, wherein the      ten Feststoffs mittels Schwerkraft,
wahrend der preferred secondary separation is a cyclone.      Gasabzug (
15) so eingestellt warden kann, daB 26. The separator of claim 21 wherein
the       ein Richtungswechsel des Gases von 1800 in pressure balance means
is a check valve at the    Bezug auf den KammerzufluB erzielt wird; dies
outlet and of the second conduit.            20   wird dadurch
charackterisiert, daB die besagte 27. The separator of claim 21 wherein the
Kammer geradlinige  oder leicht gewolbte pressure balance means is a
pressure control      Lingswinde besitzt, die einen Str6mungsweg valve on
the solids discharge vessel.             zwischen dem EinlaB (14) und dem
Feststoff- 28. A method for separating by centri-          auslal3 (16)
bilden, mit einem im wesentlichen fugal force particulate solids from a
dilute mixed   25   rechtickigen Querschnitt, wobei der besagte phase
stream of gas and solids, the method        Einla 0(14) und die Auslisse
(15, 16) senkrecht comprising the steps of adding the mixed phase    zum
besagten Stromungsweg angebracht sind. stream  to a chamber having a
flowpath of            2. Der Abscheider laut Patentanspruch 1, essentially
rectangular cross section from an     worin der besagte Stromungsweg eine
Hohe H inlet of inside diameter Di disposed normal to   30   hat, die dem
Innendurchmesser D, des Ein- the flow path' said flow path having a height
H   lasses zum mindesten gleich ist und, zusatzlich, eequal to Di or 4
inches (10.1 6 cm) whichever is  nicht weniger als 10,16 cm (4 engl. Zoll)
milt. greater, and a' width W greater than or equal to     3. Der
Abscheider laut Patentanspruch 2 be- 0.75 D, but less than or equal to 1.25
Di, dis-   sitzt einen MischphaseneinlaB mit einem Innen- engaging solids
from gas by centrifugal force   35   durchmesser D, und der aulerdem durch
einen within said chamber along a bed of solids found   Stromungsweg mit
einer Breite W, die zwischen at a wall opposite to the inlet as the gas
flows  0,75 und 1,25 Di liegt, charackterisiert wird; er through said flow
path, the gas changing direc-   hat einen Gasabzug, der sich zwischem dem
tion 1800, and the solids being projected 900   :  MischenphaseneinlaS und
dem FeststoffauslaS toward a solids outlet, withdrawing the gaseous   4
befindet, mit einem Abstand vom EinlaM, der, portion of the inlet stream
from a gas outlet dis-  gemessen zwischen den beiden Mittellinien, posed
1800 from the inlet, said gas outlet        nicht mehr als 4.0 DI betragt.
located between the solids outlet and inlet, the     4. Der Abscheider laut
Patentanspruch 3, gas outlet being at a distance no greater than 4  worin
der Abstand zwischen den Mittellinien D1 from the inlet as measured between
respec-   45   des Einlasses und des Gasabzugs nicht weniger tive
centerlines, and withdrawing the solids by   als 1,5 D, aber auch nicht
mshr als 2,5 Di be- gravity through the solids outlet.    -
trigt. 29. The method of claim 28 further comprii-        5. Der Abscheider
laut Patentanspruch 3., ing the step of further separating residual solids
oder 4, worin die Hohe H des Stromungswegs, from the gaseous portion of the
inlet stream    50   doppelt so grog wie Di ist. r'emioved via the gas
outlet inr a secondary         6. Der Abscheider laut Patentanspruch. 5,0
'separator.                                        worin die Breite S des
Str6mungswegs nicht 30. The method of claim 28, wherein the pre-  -
'weniger als 0,9 D1, aber auch nicht mehr als ferred secondary operation is
a cyclone.           1,10 D1 betragt. 31. The method of: claim 28, 29 'or
30,           7. Der Abscheider laut Patentanspruch 3 be- further
comprising the step of stripping solids   sltzt einen
Feststofftretfnauslag' dessen erster withdrawn from the solids outlet with
inert gas   Abschnitt kolinear zum  Stromiungsweg und or steam.
dessen zweiter Abschnitt sich. senkrecht zum 32. The method of claim 31
further compris-     ersten Abschnitt befindet und zum Abflielen ing the
step of withdrawing bleed gas with the    6    des Feststoffs mittels
Schwerkraft eingestellt solids, said bleed gas amounting to no more
ist. than 10% of the inlet gas.                           8. Der Abscheider
laut Patentanspruch 7 ent- 65 .~~~~~~~~~~~~~~~~ Hat .a il I 66 0       ssx
L llxllll Sl~l    



17                  0023769 618( halt aul&erdem  eine
Stromungseinschrankung       worin die Vorzugsabschreckvorrichtung  aus
innerhalb des kolinearen Abschnitts des Ab-       einer SpritzdOse zum
Einspritzen der Ab- fuhrauslasses fur Feststoffe.
schreckflussigkeit besteht. 9. Der Abscheider laut Patentanspruch 8,
24. Der Ausscheider laut Patentanspruch 21, worin die
Str6mungseinschrankung aus einer   5    worn die Kammer einen
FeststofftrennauslaB Auslalgoffnung besteht.
bestizt, dessen erster Abschnitt mit dem Strom- 10. Der Abscheider laut
Patentanspruch 8,      ungsweg kolinear ist und dessen zweiter Ab- worin
die Stromungseinschrankung aus einem        schnitt senkrecht zum ersten
Abschnitt tiegt und Venturirohr besteht.                              zum
Abflielen von Feststoffen mittels Schwer- 11. Der Abscheider laut
Patentanspruch 1, 2    ,o   kraft eingerichtet ist; der besagte erste Ab-
oder 3, der aulerdem noch aus einem Wehr          schnitt ist von der dem
ElnlaB gegenuberlieg- Ober dem Stromungsweg hinter oder beim Gas-
enden Kammerwand abgesetzt. abzug aber vor dem FeststoffauslaB besteht.
25. Der Abscheider laut Patentanspruch 21,. 12. Der Abscheider laut
Patentanspruch 1, 2    worin  die  Vorzugssekundarabtrennung  aus oder 3,
besitzt eine aus runden Querschnitt-   15   einem Zyklon besteht. flachen
hergestelite Kammer; der besagte Ab-        26. Der Abscheider laut
Patentanspruch 21, scheider enthalt auBerdem eine Vorrichtung zur    worin
ein Ruckschlagventil am AuslaB und an Formung des Stromungswegs, wobei die
Form         der zweiten Rohrleitung die Druckausgleichs- des Stromungswegs
im  wesentlichen rech-          vorrichtung darstelit. teckig ist.
20      27. Der Abscheider laut Patentanspruch 21, 13. Der Abscheider laut
Patentanspruch 12,     worin das Druckregelventil am Feststofftrenn- worin
die Formungsmittel aus der Auskleidung      behilter die
Druckausgleichsvorrichtung dar- der  Kammerwinde  mit  Keramikwerkstoff
stellt. besteht.                                            28. Eine
Zentrifugalkraftmethode zum Ab- 14. Der Abscheider laut Patentanspruch 12,
25   trennen von Feststoffteilchen aus einem ver- worin die Formungsmittel
aus Ablenkplatten die    dunnten Feststoff-Gas-Strom  in der Misch- in die
Trennkammer eingesetzt sind, besteht.      phase; die Methode besteht aus
Ma~nahmen, 15. Der Abscheider laut Patentanspruch 1, 2    die n6tig sind um
einen Mischphasenstrom in oder 3, dessen Kammerwinde mit erosionsbe-
sine Kammer zu leiten, die einen Str8mungs- stindiger Auskleidung
ausgefuttert sind.    Jo    weg mit einem im wesentlichen rechteckigen 16.
Der Abscheider laut Patentanspruch 1, 2,   Querschnitt besitzt und zwar von
einem EinlaB.. 3, 6 oder 7, dessen Kammerwinde mit Warme-        mit einerm
Innendurchmesser Di, der senkrecht schutzauskleidung ausgefuttert sind.
zum Stromungsweg eingerichtet ist, der be- 17: Der Abscheider laut
Patentanspruch 15      sagte Str6mungsweg hat sine Hohe H gleich D, enth3lt
auBerdem sine Wirmeschutzauskleid-   3S    odor 4 englische Zol! (10,16
cm), je nachdem ung zwischen den Kammerwinden und der             welche
groBer ist, sowie sine Breite W, gr6Ber erosionsbestindigen Auskleidung.
als oder gleich 0,75 D, aber kIeiner als oder 18. Der Abschoider laut
Patentanspruch 1, 2,   gleich 1,25 Df, zurn Abtrennen von Feststoffen : 3,
7 oder 8 hat sine Kammer, deren Langen-      von Gas durch Zentrifugalkraft
innerhalb der messung urn die Linge L bis Ober den Gasab-   40    besagten
Kammer ltings einer Feststoffablager- zug hinaus erweitert ist
ung an der Wand,-die dem .EinlaB% gegenuber:- 19. Der Abscheider laut
Patentanspruch 18,     lfegt, so wie das.Gas durch den besagt Str8m- dessen
Kammerweiterung um  die Lange L            ungsweg flieBt; das Gas indert
seine Richtung gleich 5 D, oder kleiner ist.                     um 1800
und der Feststoff wird rum 900 gegen 20. Der Abscheider laut Patentanspruch
1, 2,   45   den Feststoffauslall geschleudert. 3 oder 7 enthalt auBerdem
sine Manniuke zum         29. Verfahren nach Anspruch 28; welches als
Reinigen an einem  oder beiden Enden der          welters Stufe sine
weitere Feststoffabtrennung Trennkammer.
vom Gasanteil des Eingangsstromes, der durch 2 t. Der Abscheider laut
Patentanspruch 3       den GasauslaB in einen sekundiren Separator enthalt
aulerdem   einen   Feststoff-Gas-   5o   abgefuhrt wird, umfaft.
Sekundarabscheider der hauptsichlich zur Ab-        30. Verfahren nach
Anspruch 28, bei dem die fuhr aller-restlichen Feststoffe dient; sine rstte
bevorzugte sekundire Operation sine Zyklon-: Rohrleitung, die den Gasabzug
von der Kammer      abtrennung ist. zum Sekundirabscheider verbindet, einen
Be-         31. Verfahren nach Anspruch 28, 29 oder hilter fOr die
Abtrennung von Feststoffen, sine   sa.  30, welches als weitere Stufe ein
Abstreifen der *.4t~2    Zweite Rohrleitung, die. den besagten Behatter
vom Feststoffauslai abgefslhrten Feststoffe mit und die Kammer verbindet,
sowie sine Druck-       Inertgas odor Dampf umfaet. regelvorrichtung zur
Aufrechterhaltung einer        32. Verfahren nach Anspruch 31, welches als
Feststoffhohe in der besagten zweiten Rohrleit-   weitere Stufe ein
Abziehen sines Leckgasan- ung um  sine Positivdichtung zwischen der   60
teiles mit den Feststoffen umfalt, wobei der Kammer und dem Behalter
herzustellen.             Leckgasanteil nicht gr8Ber als 10% des Eintal-
22. Der Abscheider laut Patentanspruch 21       gases ist. 



enthalt aul~erdem sine Abschreckvorrichtung in der ersten Rohrleitung.
Revendications 23. Der Abscheider laut Patentanspruch 22,   65   1. Un
s6parateur de meiange gaz-solides Il 11111111 11 111111 1111111    19
0023 769                        20 destin6 A proc6der A l'elimination
rapide des       porte d'une part une chambre prefabriquee de particules
solides d'un courant de m6lange gaz-     section circulaire et d'autre part
un passage solides en phase mixte diluee, Ie separateur        d'ecoulement
profile de forme essentiellement comportant une chambre dans laquelle
s'opere        rectangulaire. Ia separation des particules solides du
courant    s   13. Le separateur du Point 12 ou le profilage de melange en
phase mixte arrivant dans la          du passage d'ecoulement est un
revetement chambre. Ladite chambre comprend une entree         interne en
ceramique place sur les parois de la en phase mixte (14), une sortie en
phase            chambre. gazeuse (1 5) et une sortie en phase solide (16),
14. Le separateur du Point 12 dans lequel le l'entr6e en phase mixte (14)
et la sortie en   t0   profilage du passage d'ecoulement est con- phase
solide (16), etant chacune A une extre-       stitue par des ecrans
introduits dans la chambre mite opposee de la chambre. La sortie en phase
du separateur. solide (16) assure l'ecoulement gravitaire des         15.
Le separateur du Point 1, 2 ou 3 dans solides rejet6s et la sortie en phase
gazeuse       lequel les parois de la chambre sont recouvertes (15), situ6e
entre l'entres et la sortie precitees   15   d'un revetement interne
anti-usure. est orientee de maniere A faire effectuer aux gaz      16. Le
separateur du Point 1, 2, 3, 6 ou 7 un virage de 1800 par rapport a
l'entree de la      dans lequel lea parois de la chambre sont chambre. La
chambre se caracterise par des          recouvertes d'un revetement interne
calorifuge. parois longitudinales rectilignes ou legereent         17. Le
separateur du Point 15 comporte de arquees formant un passage de section
essen-   20    plus un revAtement interne calorifuge place tiellement
rectangulaire entre l'entree (14) et la  entre les parois de la chambre et
le rev~tement sortie de solides (16), I'entree (14) et les sorties  interne
anti-usure. (15, 16) etant disposees perpendiculairement           18. Ls
separateur du Point 1, 2, 3, 7 ou 8 audit passage..
comporte une chambre qui se prolonge longi- 2. Le separateur du Point 1,
dans lequel Ia   25   tudinalement au-dela de la sortie de gaz sur une
hauteur, H, du passage d'ecoulement est au          distance L. moins egale
au diametre interne, Di, de l'entree,      19. Le separateur du Point 18
dont la ou a 10,16 cm (4 pouces).                           longueur de
prolongement L de la chambre est -    3. Le separateur cite au Point 2
comporte        inferieure ou egale A 5 Di; une entree en phase mixte d'un
diametre   30          20. Le separateur 1, 2, 3 Qu 7 comprend un inteme
Di, un passage d'ecoulement d'une            trou d'homme A usage
d'entretien a une ou largeur W comprise entre 0,75 et 1,25 Di et une
chaque extremite de la chambre du separateur. sortie de gaz situee entre
l'entree en phase           21. Le separateur du Point 3 comporte mixte et
la sortie de solides, la distance d'axe en  d'autre part un separateur
secondaire, dont axe separant la sortie de gaz de l'entree ne   35
I'objet essentiel est d'eliminer toutes les par- depassant pas 4,0 Di.
ticules solides residuelles du melange; celui-ci 4. Le separateur cit6 au
Point 3 oO Ia distance   comprend: un premier canal reliant la sortie de
d'axe en axe separant l'entree de la sortie de gaz  gaz de la chambre au
separateur secondaire, un n'est ni inferieure A 1,5 Di, ni superieure A 2,5
collecteur recueillant les solides evacues, un Di.
,    deuxieme canal reliant ledit collecteur A la 5. Le separateur du Point
3 ou 4, dans            chambre et enfin un dispositif de regulation de
lequel la hauteur H du passage d'ecoulement         pression qui permet de
maintenir dans le est le double de Di.
second canal une hauteur de solides suffisants 6. Le separateur du Point 5,
dans lequel la       pour assurer une etancheite positive entre la largeur
S du passage d'ecoulement n'est ni   45    chambre et le collecteur.
inferieure a 0,9 Di, ni superieure a 1,1 0 Di.         22. Le separateur du
Point 21 comporte un 7. Le separateur du Point 3 comporte un
dispositif de refroidissement dane le premier canal de~sortie d'evacuation
de solides dont Ia     canal. premiere paities est colineaire par rapport
au        23. Le separateur du point 22 od le disposi- passage d'ecoulement
et Ia deuxieme partie est   50   tif de refroidissement consiste de
preference en perpendiculaire 3 ia premiere partie et alignee     une buse
de pulverisation injectant le fluide de pour permettre l'6coulement
gravitaire des          refroidissement. solides.
24. Le separateur du point 21 dont la 8. Le separateur du Point 7 comporte
d'autre     chambre comporte une sortie d'evacuation de part un
retrecissement dans la partie colineaire  -   -  solides; la premiere
partie do ce canal de sortie 



du canal de sortie des solides.    -               .tant colineaire  par
rapport au  passage 9. Le separateur'du Point 8 ob le retrecisse-
d'ecoulement, et la deuxieme partie etant per- ment est constitue par un
orifice.                  pendiculaire A la premiere partie et alignee pour
10. Le separateur du Point 8 ob le retrecisse-   permettre l'ecoulement
gravitaire des solides. ment est constitu6 par un venturi.            60
La premiere partie est en retrait par rapport A la 11. Le separateur du
Point 1, 2 ou 3 corn-       paroi de chambre opposee a l'entree. prend par
ailleurs un deversoir en travers du .       25. Le separateur du Point 21
od I6 disposi- passage d'ecoulement en amont ou au droit de       tif de
separation secondaire eat de preference Ia sortie de gaz et en aval de la
sortie de solides.  un separateur A cyclone. 12. Le separateur du Point 1,
2 ou 3 com-   65      26. Le. sparateur du Point 21 ou le disposi- 12 I
ilim  litll 111 111 111 11S !    21                  0023 769
22 tif de regulation de pression est constitue par un  mulent sur la paroi
oppos6e A l'entree a clapet de retenue positionne A la sortie du
measure de l'ecoulement des gaz dans ledit second canal.
passage, les gaz effectuant un virage de 180 et 27. Le s6parateur du Point
21 ou Je disposi-     les solides etant projetes A 900 vers une. sortie tif
de regulation de pression est constitu6 par   5    d'6vacuation. une vanne
regulatrice positionn6e sur le collec-      29. Un procede selon la
revendication 28 teur de solides.
comprenant en outre la phase de separation 28. Un proc6de permettant la
separation par      ulterieure des solides restants de la portion force
centrifuge des particules solides d'un        gazeuse du courant d'entree
retiree par la sortie courant de melange gaz-solides en phase mixte.   10
de gaz vers un separateur secondaire. Ce procede fait intervenir le passage
d'un            30. Un procede selon la revendication 29 courant en phase
mixte dans une chambre.            dans lequel l'op6ration secondaire se
fait dans Cette chambre comporte un passage. d'ecoule-        un cyclone.
ment de section essentiellement rectangulaire         31. Un proced6 selon
lune des revendica-' auquel mine une entree perpendiculaire d'un    15
tions 28, 29 ou 30 dans lequel en outre on diametre interne Di, ledit
passage a une hauteur    enleve les solides, retires A la sortie des
solides, H egale A Di ou 10,16 cm (4 pouces), selon la       au moyen d'un
gaz inerte ou de vapeur. valeur la plus grande, et une largeur W egale ou
32. Un procede selon la revendication 31 superieure A 0,75 Di et egale ou
inferieure A       dans lequel en outre on enleve le gaz de fuite 1,25 Di.
La separation des solides et des gaz   20   avec les solides, la proportion
de ce gaz ne s'opdre dans la chambre par force centrifuge, le    depassant
pas 10% du gaz admis. long d'un lit de particules solides qui s'accu- 25.
30 35 40 45 50 50 60 65 1 3    


