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INTEGRATED CYCLOME ASSEMBLY

BACKGROUND

Field of the Disclosed Subiect Matter

{6001} The present disclosad subject matter relates o cyclone assemblics, and
particidarly stabilizer assemblies to secure and stabilize cyclone assemblics within a

mulfti-phase reaction bed vessel.

Description of Related Art

(062} Fluid catalytic cracking (FCC) processes are used for petroleum and
petrochemical conversion proce These processes can provide efficient and selective

catalytic cracking of hydrocarbon-containing feedstock. For example, small catalyst
particles can be fluidized and mixed with a feedstock by intimate contact under thermally
active conditions to generally produce lower molecular weight “cracked” products. FCC

processes are beneficial due at least in part to the ability to continuously recyele and

repenerate the spent catalysts and to process large volumes of hydrocarbon-containing
feedstock
{3903} In FCC processes, higher molecular weight feeds contact fluidized

catalyst particles, most advantageously in the riser reactor of the fluidized catalytic
cracking unit. Coutact between feed and catalyst can be controlied according to the type
of product desired. In catalytic cracking of the feed, reactor conditions, including
temperature and catalyst civculation rate, can be adjusted o increase formation of the
desired products and reduce the formation of less desirable products, such as light gases

and coke

18004] Varigus fluidized catalytic cracking reactor riser and reactor vesse]
designs can be utilized. For example, certain fluidized catalytic cracking reactors utiliz

a shott contact-time cracking counfiguration, With this counfiguration, the catalyst
contacts the fluidized catalytic cracker feedstream for a limited time in order to reduce
excessive eracking, which can result in the increased production of less valued products
such as light hydrocarbon gases, as well as increased coking deposition on the cracking

catalysts,
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[095] Certain fluidized catalytic cracking configurations utilize a reactor riser
cracking configuration wherein the catalyst can contact the fluidized catalytic cracker
fecdstock (n a reactor riser, and the catabyst and the hydrocarbon reaction products can be
separated shortly after the catalyst and hydrocarbon mixture flows from the reactor riser
inte the fluidized catalytic cracking rcactor. Many different fluidized catalytic cracking
reactor designs are known. For example, certain designs utilize mechanical cyclones
internal to the reactor to separate the catalyst frorn the hydrocarbor reactor products.

This separation process can reduce post-riser reactions between the catalyst and the
hydrocarbons as well as separate the cracked hydrocarbon products for further
processing from the spent catalyst, which can be regenerated and reintroduced into the

reaction process.

{6006} Mechanical cyelone assemblies generally can include a plurality of
cyclones joined together and secured to the pressure vessel of the reactor. An
wsufficiently balanced and supported cyclone system can produce a vibration frequency,
which can promote metal fatigue and lead to mechanical failure. A plurality of flat plate
hanger straps typically are utilized to support one or more of the cyclones to the pressure
vessel. However, the conventional hanger strap support system can be challenging to
engineer, particularly to provide support points for uniformly balancing the cyclone
systemi. An unbalanced cyclone system can cause an axial tilt of one or more ¢yclones,
which can depreciate the overall cyclone systern stability and performance during the
system run cycle. Additionally, an increased length of the hanger straps can lead {o
increased thermal expansion during system operation. Hanger straps exceeding a desired
length can lead to over-expansion of one or more of the cyclones, which can cause an

axial tilt of the cyclone system and thus inefficiencies.

{0871 Cyclone systems can be further stabilized from vibration by restraining
the dipleg conduits of the cvclones from movement. In practice, cyclone pairs can be
joined to other cyclone pairs by one or more braces. For example, braces can be used to
Join three cyclones in a triangular fashion. However, certain cyclone arrangements can
be unsuitable for such a wiangular integration, for example if fewer than three cyclones
are eraploved. Furthermore, space limitations and interference frora other hardware can

restrict the area available to form a desived bracing arrangement. fo addition, non-
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unitorrs thermal movervent between the pressure vessel shell and the cyclone system can
reduce the offectivencess of such a bracing arrangement.
[H088] As such, there remains a need for improved assemblics and methods to

secure and stabilize cyclone asscrablics in a reaction bed vessel.

SUMMARY
[3009] The purpose and advantages of the disclosed subject matter will be set

forth in and apparent from the description that follows, as well as will be learmned by

practice of the disclosed subject matter. Additional advantages of the disclosed subject
matter will be realized and attained by the methods and systems particularly pototed out

in the written description and claims hereof, as well as from the appended drawings.

(G816} To achieve these and other advantages and in accordance with the purpose
of the disclosed subject matier, as embaodied and broadly described, the disclosed subject
matter includes an integrated primary and secondary cyclone assembly. The assembly
includes a secondary cyclone having an outlet tube extending therefrorn and a primary
cyclone operatively coupled with the secondary cyclone. The outlet tube has a cross
dimension and length and is configured to be secured to a pressure vessel closure head to
support the secondary cyclone therefrom. The prumary cyclone bas a tubular support
memmber oxtonding therefrom. The tubular support member is aligned substantially
parallel with and has a length similar to the outlet tube of the secondary cyclone and is
configured to be joined to the pressure vessel closure head to support the pritnary

cyclone therefrom,

LHIER Y For example and as embodied here, the tubular support member can have
a central axis aligned along a concentric axis of a centroid of the primary cyclone. The
tubular support member can be formed from a pipe or a rolled plate. Furthermore, the
tubular support member can have a cross dimension similar to the cross dimension of the
outlet tube, Additionally or aliernatively, the tubular support roember can have a wall

thickness similar to a wall thickness of the outlet tube.

(6012} Furthermore, and as embodied here, the tubular support meraber can have
a coefficient of thermal expansion similar to a coefficient of thermal expansion of the
outlet tube. The tubular support member can be contigured o be joined to a plenum

floor of the pressure vessel closure head.
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{813] In some embodiments, the asserobly can include af least one hinge plate
configured to join the tubular support member to a plenum skirt of the pressure vesscl
closure bead, Additionally or alternatively, the primary cyclone can be configured to be

joined to the pressure vessel closure head free of hanpar straps.

6814} it is to be understood that both the foregoing general description and the

following detailed description are exemplary and are intended to provide further

explanation of the disclosed subjcct matter claimed.

[60138] The accompanying drawings, which are incorporated in and constitute
part of this specification, arc included to Hustrate and provide a further understanding of
the disclosed subject matter. Together with the description, the drawings serve to
explain the principles of the disclosed subiect matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[(016] FIG. | 15 a partial cross-sectional view illustrating a conventional cyclone
assembly for purpose of illustration and coropanison to the disclosed subject matter.
6617 FIG. 2 is a paryial cross-sectional top view illustrating the cyclone
assermnbly taken along line 2-2 of FIG. 1.

[3018] FIG. 3 15 an elevated perspective view tilustrating an exemplary integrated

cyclone stabilizer assembly according to the disclosed subject matter.

[6919] FIG. 4 is a side view of the cyclone stabilizer assembly of FIG. 3.
{6020} FIG. 5 15 a cross-scetional side view illustrating an cxemplary eyclone

assembly in a reactor bed vessel according to the disclosed subject roatier,

[0021] FIG. 6 is a detail side view of a lower portion of the cyclone stabilizer

[0022] FIG. 7 is an enfarged detatl perspective view of region 7 of FIG. 6.
[3023] FIG. & is a partial porspective view of the oyelone stabilizer asseubly of

FIG. 3, with portions removed.

(024} FIG. 2 15 a partial clovation view of an exemplary integrated primaary and

secondary cyclone assembly according to another aspect of the disclosed subject matier,
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{3925] FH3. 10 is a partial cross-sectional side view of the conventional cyclone
assembly of FIG. 1, for purposc of comparison with the cxemplary intcgrated primary
and secondary ¢yclone assembly of FIG. 9.

(0826} FIG. 11 s a partial cross-sectional side view of the excmplary integrated
primary and secondary cyclone assembly of FIG. 9.

{0271 FU3. 12 is a partial detail perspective view of a portion of the exerplary
integrated primary and secondary cyclone assembly of FIG. 9.

[GO28] FIG. 13 is a cross-scctional view of another exemplary integrated primary
and secoudary cyclone asserubly according o the disclosed subject matter,

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[6829] Reference will now be made in detail to the various exemplary
embodiments of the disclosed subject matter, exemplary embodiments of which are
tHustrated in the accompanying drawings. The structure and corresponding method of
operation of the disclosed subject matter will be deseribed in conjunction with the
detailed description of the system.
{60361 The apparatus and methods presented herein can be used for securing
and/or stabilizing any of a variety of suitable cyclone systems, including any cyclone
dust separator syastems uiilizing a support and/or stabilizer system to overcome operating
conditions i a reactor bed pressure vessel. For purpose of tllustration only and not
limitation, and as embodied here, the reactor bed vessel can be a fluidized bed reactor or
a packed bed reactor having one or more cyclone systems for use in separating
hydrocarbons from a catalyst. Additional details regarding flaidized bed reactors and
other aspects of fluidized catalytic cracking (FCC) processes are provided in U5, Patent

MNeo. 8,349,170 and U.S. Patent Application Publication Nos. 201 1/0240526 and

2011/0315603, cach of which are incorporated by reference herein in U8 entirety.
{3031} In accordance with one aspect of the disclosed subject matter herein, the
integrated cyclone stabilizer asserably generally includes an upper anouiar ring to be

disposed at an upper portion of the cyclone, a lower annular ring to be disposed at a
lower portion of the cyclone, and a p?urahtv of struts extending between the upper

annular ring and the lower annular ring. The upper annular ring has a plurality of hinge
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members extending radially therein to support the upper portion of the cyclone
therefrom. The lower annular ring has a plurality of hinge members extending radially

therein to support the lower portion of the cyclone therefrom.

68321 The accompanying figurcs, where like reference numerals refer to
identical or functionally similar eloments throughout the separate views, serve to further
iusirate various embodiments and to explain various principles and advantages all in
accordance with the disclosced subject matter. For purposc of explanation and itlustration,
and not Hmitation, exemplary embodiments of the cyclone assembly in accordance with
the first aspect of the disclosed subject matter are shown in FIGS, 3-8, While the present
disclosed subject matter is described with respect to ¢yclone asserablies for a bed reactor
in a fluid catalytic cracking process, one skilled in the art will recognize that the
disclosed subject matter 1s not limited to the illustrative embodiment, and that the
stabilizer asserubly can be used to secure and/or stabilize any suitable component of a

suitable chamber.

{3933} For purpose of compsarison to and illustration of the disclosed subject
matter, teference is first made to a conventional cyclone assembiy illustrated i FIGS. 1-
2. As depicted, the conventional cyclone assembly 10 includes a plurality of similarly-
configured primary cyclone 100 and secondary cyclone 200 pairs systematically joined.
Each pair of the primary cyclone 100 and secondary cyclone 200 ¢an be suspended from
an upper portion of the pressure vessel, wherein each primary cyclone 100 and secondary
cyclone 200 can include a dipleg conduit 300, 400, respectively. Operating conditions
within the vessel, including vibration due to cyclone operation and thermal woovements
due to heating and cooling can causc the cyclone assembly 18 to sway off its natural
axis. Assuch, to reduce or prevent unwanted roovement of the cyclone assembly 10, the
dipleg conduit 300 of a primary cyclone 100 can be joined to the dipleg conduit 400 of
bwo secondary cyclones 200 using braces 500 in a trisngular bracing patiern. For
example, FIG. 2 ilustrates a bracing pattern utilized to brace a cyclone assembly of four
pairs of primary and secondary cyclence dipleg conduits 300, 400, However, this
technique is ineffective, for example if the system jncludes fewer than three cyclone

pairs.

{3034} As further depicted in FIG. 1, the primary cyclone 100 and the secondary

cycione 200 can be integrated, for example, by weld-sealing, which can establish a
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continuous Huid process connection between the primary cyclone 100 and the secondary
cyclone 200, The secondary cyclonc 200 is supported by its conventional outlet tube 450
through an opening in the plenum chamber floor 650, as iflustrated in FIGS, 10 and 13,
The primary cyclone 100, however, is conventionally supported by a plurality of flat
hanger straps 350 disposed proximate the exterior cyclone barrel of the primary cyclone
100 and joined to the nearest pressure vessel hardware surfaces, which can include one

or more of the plerum skirt 550 and the plenum charber floor 650,

[3035] According to one aspect of the disclosed subject matter, with reference to
FIGS. 35, an integrated cyclone stabdizer 600 for a cycione assembly 20 1s provided.
As shown 1n FIGS. 3-5, the ntegrated cycloune stabthzer 600 can be atilized to integrate a
single pair of primary and secondary cyclones 100, 200, The integrated cyclone
stabilizer 600 can overcorne vibration due to operating eyele frequencies and can provide
uniform thermal movement. The integrated cyclone stabilizer 600 according to the
disclosed subject matter thus can be shop fabricated and can be made free of attachments
to neighboring cyclone assemblics or the pressure vessel shell 120, The components of
integrated cycione stabilizer 600 can be formed from flat plate. rolled plate and/or
standard straight pipe of suitable materials, such as carbou steel or stainless steel plate,
and asscmbled together using suitable techniques, such as welding or the like. Multiple
subassemblies 780 can be formed conceutric to cach cyclone 100, 208, and can be

further joined to form a robust architecture, as discussed further herein.

{63036} Referring now to FIGS. 6-7, for example and as previously noted, cach
subassembly 700 can include an upper anmular ring 1006, a lower annular ring 1005 and
a plurality of struts 800 extending therebetween. For cach annular ring 1000, 1003, one
ot more hinge merabers 900 can extend between and be secured to the anoular ring and
the dipleg conduit 300, 400 of the corresponding cyclone 100, 200. For example, and as
ernbodied in FIGS. 6 and 7, cach subassembly 700 can include three equally-spaced
apart hinge members 900 associated with each anmuilar ring, Although cach subassembly
embodied herein is depicted with two similarly-configured tiers of hinge members and
rings, additional rings can be provided along the fength of the cyclone as described
herein to torm additional tiers, The number of and size of the ring assemblies generally
will depend upon the size and configuration of the cyclone, For example and as

embodied herein, top ring 1000 can have a diameter approximately 305 larger, and in
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some embodiments up to about 40% larger, thau bottom ring 1003, Furthermore, and as
cmbedicd herein, the flat hinge plates 200 can be substantially cqual in size at least for
each ring assemably, or throughout the subassembly as appropriate. Similarly, tripod
struts 800 can be sized and evenly spaced to join to the upper and lower rings 1000,
1005, As embodied hoerein, struts 800 can be substantially aligned with hinges 200 of
each ring 1000, 1003, as shown for example in FIG. 6. The tripodal configuration of the
strats 800 thus are confignred to restrict or prevent the offset of the dipleg conduits 300,

400 from thelr central axis.

13037} With reference now to FIG. 8, a pair of subasscemblies 700, 1100 can be
combined to form the integrated cyclone stabilizer 600, In sirmlar fashion to
subassembly 700 described herein, a similarly-configured subassembly 1100 is formed
about dipleg conduit 300 of the primary cyclone 100, Each of subassemblics 700, 1100
can be attached to iis respective dipleg 300, 400. Farthermore, the pair of subassemblies
700, 1100 can be joined together, such as by one or more connecting members 1300, As
cmbodied herein, for Hustration and pot Hmitation, two connecting members 1300 can
be tormed from straight horizontal pipe and welded at points tangential to each of the
adjacent rings 1000, 1005 of the subassemblies 700, 1100, The utegration of the
subassemblies 700, 1100 forming the integrated cyclone assembly 600 provides an
additional level of rigid architecture, to further prevent axial deviation of the cyclone

diplegs 300, 400 but allow for thermal radial and downward expansion movement

thercof.
[0038] The integrated cyclone stabilizer according to the disclosed subject watter

provides a compact architecture to integrate a patr of prunary and secondary cyclone
bodies and their respective dipleg conduits without the need for additional supports, The
stabilizer can join the cyclone assembly in a manner that can restrict or prevent axial
moverment at the end of the diplegs while allowing for overslt downward movement due
at least in part to thermal expansion. Furthermore, and as embodied herein, the
integrated cyclone stabilizer according to the disclosed subject matter can be provided
free of attachment to the pressure vessel shell or any other supports points or brace
attachment points. As such, the integrated cyclone stabilizer can provide 4 self-

contaned union of & single primary and secondary cyclone pair.
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[3839] Additionally, and as embodied herein, the integrated cyclone stabilizer
can be ontirely shop fabricated and pre-assembicd in the cyclone system prior to
instaltation into the pressure vessel, The integrated cyclone stabilizer can also be formed
S0 as to not impede customary fabrication techniques of the pressure vessel or impact
normal internal vessel inspection access or limit maintenanee procedurcs. As such, the
compact design of the integrated cyclone stabilizer can be integrated to avoeid internal
hardware interferences. In addition, the reduced mechanical complexity of the integrated
cyclone stabilizer can reduce fabrication, installation, and unit maintenance and material

Ccosts.

[3040] In accordance with another aspect of the disclosed subject matter, an
integrated primary and secondary cyclone assembly is provided. The assembly includes
a seccondary cyelone having an outlet tube extending therefrom and a primary cyclone
operatively coupled with the secondary cyclone. The outiet tube has a cross dimension
and length and is configured to be secured to a pressure vessel closure head to support
the secondary cyclone therefrom. The primary cyclone has a tubular support member
extending therefrom. The tubular support member is aligned substantially parallel with
and has a length similar to the outlet tube of the secondary cyclone and is configured to

be joined to the pressure vessel closure head to support the primary cyclone therefrom.

{8041} With reference now to FIG. 9, for purpose of itlustration and not
fimitation, the integrated cyclone assembly 20 includes primary and secondary cyclones
100, 200 joined to the pressure vessel [20. Particularly, the secondary cyclone 200 18
supported by its outlet tube 458 extending from the secondary cyclone 200 and secure

to the pressure vessel closure head through an opening in the plenum chamber floor 650.
However, as is well recognized, the primary cyclone 100 does not include such an outlet
tube. As such, and as embedied hercin, a tubular support member 750 is provided
extending from the primary cyclone 100 and coupled to a prozximate surface of the
plenura chamber floor 650, if provided. However, it is recognized that the assembly
herein can likewise be used in a vessel with no internal plenum. The tubular support
member 750 can have a central axis 752 aligned along the concentric axis 754 of the
primary cyclone 106, Furthermore, and as described below, the tubular support 750 15
selected of a size and material to mirvor that of the outlet tube 450 of the secondary

cyclone 200. In this manner, the support for each cyclone 100, 260 will generally act in
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union with regard to vibration and thermal expansion. The integrated cyclone assembly
20 with the tubular support mermber 750 can thus provide suitable support for the
integrated primary and secondary cyclones 100, 200, and can allow for improved thermal

movement of the cyclones while uttlizing less material.

18042} With reference now to FIGS. 10-11, the conventional cyclone assembly
10 of FIG. 1 is shown side-by-side with the integrated cyclone assembly 20 of FIG. 9
according to the disclosed subject matter for purposc of ilustration and comparison. As
depicted herein, the conventional asserably 10 and the integrated cyclone asserbly 20
are cach joined to the pressure vessel closure head 850, for example in a pressure vessel
120 that does not utilize an internal plerum chamber. As shown in FIG. 10, in the
conventional cyclone assembly 10, hanger straps 330 are welded to the primary cyclone
100 and to the pressure vessel closure head 858, By comparison, the integrated cyclone
assembly 20 ineludes the tubular support 750 secured to the pressure vessel closure head
850. The tubular support 750 is sized to allow for improved thermal movement of the
cyclones while utilizing less material, as discussed further herein. The tubular support
member 750 can be welded to the instde surface of the prossure vessel closure head 858,
Additionally, the pressure vessel closure head 850 can include refractory insulation
formed from rmaterials that are common in industry practice to prevent elevated material

temperatares at the attachment poiot of the tubular support member 750.

{8043} With reference now to FIGS. 10 and 12, the conventional cyclong
assembly 10 of FIG. 10 can be compared with the integrated cyclone assembly 20 as
depicted tn FIG, 12, for purpose of lustration and comparison of additional features of
the disclosed subject master. As itlustrated in FIG. 10, the use of conventional hanger
straps 350 requires configurations where the actual hanger strap 350 length A is greater
than a desired hanger strap 350 length B. That is, a desired hanger strap 350 length B
can be measured between the cross-over duct 1058 of the primary cyclone 100 and the
support surface of the pressure vesse! 830, and thus such a desired length can be withina
range of about 12 inches to 24 inches. FIG. 10 illustrates the conventional cyclone
assembly 10 having a hanger strap 350 leagth A that {s longer than the desired length B,
and as such can be unstable, mcluding having an unsuitable response to thermal

expansion of the privnary cyclone 100 and the hanger straps 330,
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{344} By comparison, as shown in FIG, 12, the tubular support member 750 can
have a length C that is approximately cqual in longth to the outlet tube 450 configured to
support the secondary cyclone 200 within the vessel shell 128, As such, the integrated
primary and sccondary cyclones 100, 200 can have a similar, parailel movement due to
thermal oxpansion of the tubular support member 750 and the outlet tube, and thus can
have improved stability and support during operation of the cyclones. In addition, and as
ernbodied herein, the tubular support member 750 can have a cross-dimension of that is
approximately equal to a cross-dimension ¢2 of the outlet tube 450 of the secondary
cyclone. Furthermore, and as embeodiad herein, the tubular support member 750 can be
formed from a material having a similar coefficient of thermal expansion as that of the
outlet tube 450, Preforably, the member 750 and the vessel shell 120 are formed from
the same material to avoid voeven thermal expansion and confraction between these

components..

[3045] Referring now to FIG. 13, a further embodiment of 4 cyclone assernbly 25
according to the disclosed subject matter is provided. As shown jo FIG, 13, a tubular
support member 755 can join the primary cyclone 100 to the plenum skirt 550 of the
pressure vessel 125 using a flexibie hinge 950 of suitable material, such as stainless steel
or carbon steel. Such a configuration can be utilized, for example and without limitation,
to provide a tubular support member 755 for the primary cyclone 100 10 a pressure vessel
having a reduced diameter D1, wherein the tubular support member 755 cannot be joined
directly to the pressure vessel head 850, In some configurations, the smaller diameter
plenurn chamber ean allow for reduced costs in material, fabrication, installation and

operational expenscs.

{6046] The tubular support members 750, 755 according to the disclosed subject
matter can be fabricated, for purpose of tHustration and not limitation, from a standard
pipe or a metal sheet rolled to form the desired diameter and cut to the desired length.
Furthermore, and as embodied herein, the tubular support members 750, 755 can be
forrned having a wall thickness that is similar to the wall thickness of the outlet tube 430,
In this rwoanver, the tubular suppost members 750, 755 can be entirely shop fabricated and
pre-sssembled to the cyclone asserably 20, 25 prior o installation in to the pressure
vessel 120, 125, Furthermore, the reduced size of the tubular support merabers 750, 753

compared to hanger straps 350 can allow for increased space within the pressure vessel
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120, 125, for example to provide increased space for inspection access and/or
maintenance procedures. As such, the compact design of the wbular support membors
750, 755 can be integrated to avoid internal hardware interferences. In addition, the
reduced mechanical cornplexity of the tubular support members 750, 755 can reduce

tabrication, instaliation, and unil maintenance and material costs.

{6471 The assembly deseribed herein can be utilized in any reactor system or
process for petroleum refining or petrochemical refinement utilizing fluid bed
technology and cyclone systems. It is conteraplated that the presently disclosed subject
matter may be used in connection with various fluid bed technologies including, for
example, but not limited to (1) the preparation of at least one of phthalic anhydride, vinyl
acetate, acrylonitrile, ethylene dichloride, chloromethane, maleic anhydride,
polyethylene, polypropylene and o-cresol; {it) Fischer-Tropsch synthesis; {1t} resid cat
cracking: {iv}) the conversion of at least one methano! to olefins (MTO), methanol w©
aromatics {MTA), methanol to paraxylence (MTP), methanol to gasoline (MTG),
Methaoo! to diesel {(MTD), syngas o oleling, svogas to atomatics, Syngas (o parakylene,
coal to olefins. coal to aromatics, Benzene and/or Toluene Methylation with Methanol or
DME o Aromatics, Beneene and/or Toluene Methylation with Methanol or DME to

Paraxylene, Toluene Ethylation to MEB (methylethylbenzene), Benzene Ethylation to

DEB (Dicthylbenzene), Biomass to Olefing, Biomass to Aromatics, and Biomass o

Gasoline.
{3048 While the disclosed subject matter is described herein in torms of certain

preferred embaodinents, those skilled in the art will recognize that various rodifications
and improvements can be made to the disclosed subject matter without departing from
the scope thereof, Moreover, although individual featares of one embodiment of the
disclosed subject matter can be discussed herein or shown in the drawings of the one
ernbodirnent and not in other embodiments, it should be apparent that individual features
of one embodiment can be combined with one or more features of another embodiment

or features from a plurality of embodiments.

83481 in addition to the specific embodiments claimed below, the disclosed
subject matter is also directed to other embodiments having any other possible
combination of the dependent features claimed below and those disclosed above. As

such, the particular features presented in the dependent claims and disclosed above can
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be corabined with cach other in other manners withio the scope of the disclosed subject
matter such that the disclosed subject matter should be recognized as also specifically
directed to other embodiments having any other possible combinations. Thus, the
foregoing description of specific embodimenis of the disclosed subject matter has been

presented for purposes of iHustration and description. It is not intended to be cxhaustive

ot to limit the disclosed subject matter to those embodiments disclosed.

Additional Embodiments

REDSH Embodiment |, An integrated privnary and secondary cyclone assembly,

comprising: a sccondary cyclone having an outlct tube extending thevefrom, the outlet

tube having a cross dimension and length, the outlet tube configured to be secured to a
pressure vessel closure head to support the secondary cyclone therefrom; and a privoary
cyclone operatively coupled with the secondary cyclone, the primary cyclone having a
tubular support member extending therefrom, the tubular support member aligned
substantially paraliel with and having a length similar to the outlet tabe of the secondary

cyclone and configured to be joined to the pressure vessel closure head to support the

primary cyclone therefrom.

§851 Embodiment 2. The assembly according to Embodiment [, wherein
Y &

the tubalar support oember has 2 central axis aligued along a concentric axis of a

centroid of the primary cyclone.

{09521 Embodiment 3. The assembly according to Erabodiments | or 2,

wherein the tubular support member is forrued from 4 pipe or a rolled plate.

{B853] Embodiment 4, The assembly according to anyone of the preceding
Embodiments, wherein the tubular support member has g cross dimension similyr 1o the

| cross dimension of the outlet tube.

5054 Embodiment 3. The assembly according to anyone of the preceding

Embodiments, wherein the tubular support roember has a wall thickness similar to a wall

thickness of the outlet tube.

[3055] Embodiment 6. The assembly according to anyone of the preceding
Frobodiments, wherein the tubular support menber has a coefficient of thermal

cxpansion similar to a coefficient of thermal expansion of the outlet tube.
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{3055] Erobodirnent 7. The assernbly according to anyone of the preceding
Ermbodiments, wherein the tubular support member is configured to be joined to &

plenum foor of the pressure vessel closure bead,

60571 Embediment 8. The assembly according to anyone of the preceding
Embodiments, further comprising at least one hinge plate configured to join the tubular

support member to a plenum skirt of the pressure vessel closure head.

058} Hrobodinent 9. The asserubly according to anyone of the preceding
Embodiments, wherein the primary cyclone is configured to be joined to the pressure

vessel closure head free of hangar straps.

[6859] it will be apparent to those skilled in the art that various medifications and
varigtions can be made in the method and system of the disclosed subject matter without
departing from the spirit or scope of the disclosed subject matter. Thus, it is intended
that the disclosed subject matter include modifications and variations that are within the

scope of the appended claims and their ¢quivalents,
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CLAIMS

1. An integrated primary and secondary cyclone assembly, comprising:

a secondary cyclone having an outlet tube extending therefrom, the outlet tube
having a cross dimension and length, the outlet tube configured to be secured to a
pressure vessel closure head to support the secondary cyclone therefrom; wherein the
outlet tube has a central axis aligned along a concentric axis of a centroid of the
secondary cyclone and

a primary cyclone operatively coupled with the secondary cyclone, the
primary cyclone having a tubular support member extending therefrom, the tubular
support member aligned substantially parallel with and having a cross dimension and
length similar to the outlet tube of the secondary cyclone and configured to be joined
to the pressure vessel closure head to support the primary cyclone therefrom; wherein
the tubular support member has a central axis aligned along a concentric axis of a
centroid of the primary cyclone;

an integrated cyclone stabilizer disposed about the primary cyclone, secondary
cyclone, or both the primary cyclone and secondary cyclone comprising, an upper
annular ring to be disposed at an upper portion of the cyclone, the upper annular ring
having a plurality of hinge members extending radially therein to support the upper
portion of the cyclone therefrom; a lower annular ring to be disposed at a lower
portion of the cyclone, the lower annular ring having a plurality of hinge members
extending radially therein to support the lower portion of the cyclone therefrom; and a
plurality of struts extending between the upper annular ring and the lower annular
ring; wherein the integrated cyclone stabilizer assembly and the portion of the cyclone
about which the integrated cyclone stabilizer assembly is disposed are disposed within
a pressure vessel; wherein the integrated cyclone stabilizer assembly is free from
attachments to the pressure vessel wherein the integrated cyclone stabilizer is
disposed about both the primary cyclone and the secondary cyclone; wherein the
integrated cyclone stabilizer further incfludes at least one connecting member to
couple at least one of the upper and lower rings of the primary cyclone or secondary
cyclone to a corresponding annular ring of a similarly-configured stabilizer for the

secondary cyclone or primary cyclone within the same pressure vessel.
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2. The assembly of claim 1, wherein the tubular support member is

formed from a pipe or a rolled plate.

3. The assembly of claim 1, wherein the tubular support member has a

wall thickness similar to a wall thickness of the outlet tube.

4. The assembly of claim 1, wherein the tubular support member has a
coefficient of thermal expansion similar to a coefficient of thermal expansion of the

outlet tube.

S. The assembly of claim 1, wherein the primary cyclone is configured to

be joined to the pressure vessel closure head free of hangar straps.



