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CYCLONE TECHNI CAL FI ELD This invention relates to

particle separation froma gas stream BACKGROUND A
weymbon®21s a widely used industrial gas-cleanP@rCA2008/001059

apparatus. Traditional cyclones use principles of

centrifugal force to separate gas-borne particles from

a gas stream(e.g., anC¥CIsONEM . Typically these

cycl ones use high air velocities and are associ at ed

with high turbulence intensity and particle

re-entrai nment, whic ow particle
separati on effl Ci enc{;E&ﬁ&Ibm)lkgg’a t he mai nstream
of cyctRRnVeRGENRI A0 WasicHNTD 51%&&9'&9&1 d@% sthieaf! Ve

flow cyclone, wth [ ess research devot to uniflow
cycl ones In a unifl oWA@KGB@élNIDhe gas and particles
exit i e _sane t:ect .n-a reverse fl ow C)fC| one

The gab vaoes aaviirhates SRusiR GsicToephe epertine (G orl
cyclon@¥ hideSpricfiRs d¥e caiTEod kdrSid RParhiRatas hBmel paltlesdBsn a s stream

entered. Particles Separated fromthe gas exit int
(e.g., a@m@zmetam) dTmeztllydhesesumwwmgl amv@mnlcﬂnandearemgcmt@d with
tlonfromarggs st neral

nigh W3R B RSB R Run LY Sy e REC G ng

separafloh 6ffidn@y. Pét miﬂﬁaarsat}féﬁﬁilﬁﬁfdaﬁfbﬂ'@ﬂf@ﬁé techiolOg Wad dominated
tube and a bunker. The housing is a cylindrica

by the ﬁ@ﬁ@g&iq@vamlm wath lpssnescarsh deieted toomiffens cyeipees. 18 anaifow
efl e
BBt SRR ot ELERR R IBE gt e e
reverséd dlﬁdctlslm od/hilk irt ve chelohd Mgl exTﬂ§ Efro@rUtHe%bmb dixectich that the inlet gas
positioned within and extends froma second end of the

entereﬁ obiatialys sepsepteds romnsiae aan §xal in jhecqrmeritn difsstiohe second

end of the housing. Theg ng y 8 an annul ar bunker

fornmed between the outle e and an i nner wall of

t he hoTkis mgveation tedatentofpagitlestpinationfloaci ggpasticaml és general, in

separated from an |nIe{ a%ﬁﬂrea etvvee t he

one aspeli (BE E1/GRUMBITBEFCSH R e PO & POnH28 186k afghsren
membExh &n BQP%QuI%f arfARPS UL TR e %ugné DY Eﬁlngngal@rou; fg aﬁ&ﬂ&te{ﬁ inner

i's approxi mately greater than or equal
dlameteo D1 .BieDnlet rspileena ﬁtsabm(bmﬁthohomstm@ i Thﬁedﬁﬂeotmn:mnmbmls pdsitioned

Within%glatsgﬁ%ﬁ{aﬁggg%%gttﬂ dhe 1r|sé\%nrglgqul$egﬁa01{5ﬁ% e é: hatt ﬁxﬁ%%%sitioned
w1th1n°a\ﬁﬁ| RRBAE ABmPEscEHEM d’i"tﬁé‘h&fmd@ Eﬁﬂ)ﬂdtsub@zﬁﬁﬁllgﬂ 884xidINS the

first end of the housing. The inlet can be configured
second end of the housing. The bunker is an annular bunker formed between the outlet tube

cyclone tfhe

and an inner wall of the housing and is configured to collect particles separated from an inlet
gas stream. A gap between the deflection member and the outlet tube has a length in the
range of approximately 0.4*D to 0.8*D. The length of the bunker is approximately greater
than or equal to 1.5*D.

Implementations of the invention can include one or more of the following
features. The inlet can be tangential to the first end of the housing. The cyclone can be
formed with or without vanes near the first end of the housing. The inlet can be configured
to receive a gas including sulphur droplets and the cyclone can further include a steam jacket

positioned about an exterior of the housing and configured to maintain a temperature within
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to receive a gas including sul phur droplets and the
cyclone can further include a steam jacket positioned
w@bwatii4e7 ext eri or of the housing and confi gurBdr/Ca2008/001059
mai ntain a tenperature wthinthe cyclone such that the
sul phur droplets are maintained in a liquid state. The
the cy¢lemfg$d¢hmlﬁatttlmesmtﬁﬂr doiplanameendietnined i HEquid stae Tlangegtbfof the

mately .0.15*D to. 1. 0*D t o f ether
deflec b et ie o appraiggielvd FETbs L8 aTicatEae of
either RVRAL&iN th&thBerld? ehd WUkt RBe S He k34b1E BethlEe thBus‘?lflg L8 that
gap I's adjustable. The outlet tube can be novab
the lengtht i the ghyeishadinstably. s’lihgroutlhfambc tan beengvable)wlthimehbhmmg such
i n anot her aspect, the

thatth?i%ﬂ{‘?%h F\%’gieﬂ?seasd : uffphur granul ation system The

sul phup, gheaulifbh@Rera¥pécethé ﬁﬁkﬁkﬂﬁﬁfe&uﬁdﬂamﬂlﬂhur granulation
granul ation processor coupled to cycl one, wherein

systent. | l“nlee Yéphue graayiatien syst@mmqh@ep a@u@hgbgran@am@b@‘pwaoraloupled to
a cycl%ry;l Ly lafetl gf ! 25 éclﬁ%us %;}golrrrl] T rgé(e%%](%?g rd:cel((\/l (;ijgtea‘chd%let 8f the

cyclorien| Tt cR€ldhie trclidesi cﬁﬁﬁﬂn@ﬁl Hoeinh GuSihg gn inhed efah@tdri Il])ﬁnd an inlet
menber is positioned w thin and substantially coax
near algstiend of Fieiouging ¢ daflsetitipueihey. is ppsitieradeyithip gad ﬁ‘sbstanﬂaﬂy

coaxuﬁgcﬁfshlte 'rgggleegﬂ\@ﬂfh{é' li%e?iﬂ?.u géto%ﬂgtstu ¢ o@lti% y@ﬂhﬁ%d%&te‘hﬁsefmm a

out 'S su ntia coaxl al
second bl sftthe hdusmgi ’El*fe ddnlet tubel & sugstaﬂml]amnavklakto Bbeseeond end of the
f or med tmee et tu I nper. wa f
housirgn G hBUSHRGUaHa 't DrEGRbr PRI BOELPe R Bhifecebof the
housi QL& rgu'EéQﬁb%BlléJﬂ ?@Rw%%e;ﬁaﬁt@@ffbnﬁrﬁﬁ&t by éﬁ%ﬁﬁ’a tA8ap
ect1 o menber and the outlet tube has a length in

betweerhﬂlerdaﬁgtﬂlomfmaplpﬂr(and ﬂwtceitl;tt @ba hd 4 lsngthgn Dmmlgct pfcapproximately

h I‘OXI mat eI gr t han *
04Dy 0T e Fntreiahe PR RBPREP SH AR Sip pglelo 15D,
The sﬁ@é?l'l FirRe thel R0 8 FrBsy¥ tRfne @ B8whitrchnld fng @Al coatrh@fication with

th the outlet tube such that the flue gas is drawn

the Olltlhﬂ@bgwoﬁlﬁbatély@:ﬂ@m@as i ﬁvmﬁbmuah ihsreyclonet he i nventi on
can | nf' ulg%ggtra]l lofy of ThE ﬁ] tlon C Pln?(Jtl!lc? V%e%r nf&g uF FE% &'ce)lﬂ;\smg

out | et g% Ing frOWl can 1nc

featurbs$2 SEhet dudlet 243 eitlrgl fevra e aftleembs sarpinslude lesk tHaagioaniliddrams of
wet air. The system can further_include a steam Jkacke
emissigns per ioemmapbel %ih ’Ha&%ﬁemcaaffuftheé induds higfean dacket positioned

about %13 @{(feggf gﬂh% B?laggf::l Hﬁ ?ﬁ%r A Ht':!lﬁ‘ a%rﬁfi@r Fdithin tge cyclone

cl one suc ts separate from
such thhtlsalp@atsdmpmmbmiamdrfmdn the falel dagarednsinteired 1 Iaélqaymtzém The
can jnclude a stack dovvnt and i.n flu
SySterR G MO8 A SERE AP ISR O %ufo MIEEY 9 % fhgougidube,

where‘?ﬁ(bﬁtle@ a§ Bﬁtng%‘tg)t:%htl&tl{@ﬁe ISSVCIY'[%BW@QITIO@ IR SRS tBe stack. The

roug bunker |ncluded in the cycl one
bunkea: an:ludwd linthe caclonnkar inolude e bunkdseutieiiobe Whergliahid atlphurr
ted.in the bun

collecﬁ Ctp S}:):]e b\{nﬁ%ﬁ éxﬁmm%teg Err(&bﬁle e ng 8?'(&1!@ tg%gﬂnnktetr] outlet tube for

recycling back into the sulphur granulation processor.
In general, in another aspect, the invention features a cyclone including a
cylindrical housing having an inner diameter D and an inlet near a first end of the housing. A

deflection member is positioned within and coaxial to a second end of the housing. An outlet
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recycling back into the sul phur granul ati on processor.
In general, in another aspect, the invention features
w@2@yaieee i ncluding a cylindrical housi ng havP@mCamos/001059
inner dianeter D and an inlet near a first end of the
housi ng. A deflection nmenber is positioned wthin and
tube isquaitioatd withim and eateddefrdmahe fitse et oftheoushmz and is eubsngially

o B o B0 S b SN P
inner WALSH tA8 hod¥in @ik %Bn%m&ﬁt_ro dofledt PariRibskepaeea filohan inlet gas

defl ecti on menber and an inner wall of the housing an
stream; A gambétyaerethedsflecsionsrembss and decsitiseivhe heasclengthin e range of

i.nl t &3 [
ool G970 D8P 0B USSR B89 S0P o
equal @pps*axi mately 0.4*D to 0.8*D and a | ength of the

bunker_is approxi mately greater than or equalﬂéﬁ )

1. 5* D, Immigmentatignstof Sigsnyentioncan iFKei 9B O BT picihe dellowing

n r: f ol ; | 4 nl

eor 123850 Ty MG PR PACHE S [Py i SRy
or maylhet inglodeoree arayore vamasyneaothe ifinst leud ef twedoosingoT ke indeiesn be

near the first .end.of the housing he inlet can phe
confi gggﬁftp GUFERE 4 &8s ﬂlg&léq%%s%glgggr %t[s.um tﬁbs 1 %i}ﬁﬂlé&lon, Rle cyclone
can fuﬁﬁ&ﬂhﬁﬁ&@ a 5tBarh BAcket PRURTBAEBSUL AR extelSr 616¢ AOBIAdhd configured

further includé a steam jacket positioned about” an
to maigpainea teprperdture vdthio thsi aygloas suahchdti theisudphur slropd¢th pesi aigtained in

. tenperature w t.hin the.cyclone such.that the | phu
o i o PPk PR R 0% Bt BE L PRl e BB Bty
0.15*Dfo 1 heDdeftl1est byofribethe dafledtion inferitee of tia@tlef tube can be
approximately 0.15*D to 1.0*D. At |east one of either
movahlp @ ithist the Bouang srehitlat thsr lengt obithe gap it adjusteln be
novabl L R0, LG :
o o P bR R BLOR SR LBLoh OB bR
advantages. r'Bad dyznekren providerimpeadvet hepairatldnmfficignad vVidwetcyglese can be

The cyc] ane can, provi.de inprqved separati.on :
manu PR ElGYEly FREABY O RGBT B eyt g sratnigiopsi e
cyclorftWaf bk YieRBd of BIRE RSBk a FRhpRANEd FTUhBhlet gas stream and/or to

I mpl enent ations, the cyclone can be heated or cool ed,
facilitate revaientyaif paricies sparattd therafforanTha yslongpen be fabmented with a

and/or. to facilitate .recovery.of particles separated
smallefayphen HFonepih ey adie b sk ye Ry g eficteries. The
cyclorfetah IbelcohfRicdi B kithdtanun160 BY 8 Rdviefiadloveyy@ldiee, whi ch

achi eving inproved efficiencies. The c%qr;_l one can be )

const r Bib¢ defaidsofeanetos mase implemgnjations.ofitas ay ertion) aggset forth in

- ' r Sl n ' of
e ey FREAELA bt LB o SRR
advanthgasd s irmvedti drheiltiesappaent fomlxae degcriptitresnd dratvintgesand from the
. Objects, and advantages of the invention wll be
claimpnarent from the description and drawi ngs, and from

the DESCRIPTION OF DRAWINGS
FIG. 1 is a cross-sectional view of a uniflow cyclone.

FIG. 2 is a cross-sectional view of a proximal end of the uniflow cyclone of

FIG 1.
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clainms. DESCRIPTION OF DRAWNGS FIG 1 is a
cross-sectional view of a uniflow cyclone. FIG 2 is a
wee@ssi®erti onal view of a proxi mal end of thePCMCARWS/001059
cyclone of FIG 1.FIG 3 is a cross-sectional view of
an inlet tube of the uniflow cyclone of FIG 1. FIG 4
i s a Jdbehtta gosstesctordil sigwanti apfinlgt wbe phithe uwgifiowi byt orerof FIG,
1 process exanple inplenmentation. FIG 5A is a
' cross-sectional view of another inplenentation of the
uni f | GAGCY il a0t Berhited BEEINGiagrabi GRIBulFHUK @Fanufatioh pRRBeésSex@mple
) cross-sectional view of a proxinmal end of the uniflow
implemepiatighe of FIG 5A. FIG 6 is a side view of a
hor i qui&i.ai%‘akys ao{ﬂogjge@{i&fal Vfé'v&f #pa‘?(oﬁl)éf: lng@gm{aﬁ%l fon Zf t#lg ufliflow
cross-sectional view of another "Inp ntation of a
cyclongimctddivg <stedmmeeketncl udi ng vanes. FIG 8A is a
cross-sectional view.of a reverse flow cyclone with a
t angerfﬁf’a:fé i pSs-feFionabioncolta Ripsenal sad bl B AN fvesyclme of
FIG. 5& reverse flow cyclone with vanes at the inlet. Like
reference synbols in the various draw ngs indicate
| i ke dilenkistassideDEFTWIAf BEDoDESERIPTHidhted uyiflowrmyclone.

ot 0T bR e B b P e B Ehaor S o

cyclon€ Micludetid wadks.housi ng and an inlet near a first end of
the housing. A deflection nenber is positioned within
and cda%i %r‘glst%crpffﬁeseﬂl@@tl vistofof rev ¢ree Howsivplgne pith@angential
tube is positioned within and extends froma second
end of the housing. The outlet tube is coaxial to the
secon@I6ngB of a ¢rbes-deotisiah giewlor saenersaflowwykiene ivsthfvanesed the
. between the outlet tube and an inner wall of the
inlet. hoyusing. The bunker is configured to collect and store

parti qligSre?&BRleAyRfbols! iR McA ol Blawdidss iR4itH8 Mke SreHiMfs.

bet ween the defl écti on nenber

DETAILED DESCRIPTION

inlet.

A cyclone configured to remove particles or droplets from an inlet gas stream
is described. The cyclone includes a cylindrical housing and an inlet near a first end of the
housing. A deflection member is positioned within and coaxial to the first end of the
housing. An outlet tube is positioned within and extends from a second end of the housing.
The outlet tube is coaxial to the second end of the housing. An annular bunker is formed
between the outlet tube and an inner wall of the housing. The bunker is configured to collect
and store particles separated from an inlet gas stream. A gap between the deflection member
and the outlet tube has a length in the range of approximately 0.4*D to 0.8*D, where D is the
inner diameter of the housing. The length of the bunker is greater than or equal to 1.5*D.
Preferably, in some implementations, the length of the bunker is at least 2*D. The term inlet
gas is used broadly to include a particle-laden gas stream, where the particles may be solid
and/or liquid (i.e., droplets).

The cyclone can incorporate a uni-directional flow design that uses cyclonic

or vortex separation to remove particles from the inlet gas stream. Rctational effects are used
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and the outlet tube has a length in the range of
approximately 0.4*D to 0.8*D, where D is the inner
waele@oaiee7 of the housing. The |l ength of the burKBCAR®S/001059
greater than or equal to 1.5*D. Preferably, in sone
i mpl ement ations, the |ength of the bunker is at |east
to sepagat@theFhbd ped/or liqiié parglss fronuthe gas r Baedfupstantidliygatide fee gas
particl e-l.ade as stre where the par.tjcles, my, be
can ex flcElofe BT 7 By SRR g Sh R Bl o n e adied
within tHARnRE! & fcendidiittetl barelsd inelaéd inl AYbLGE&E B rchidat féHthe bunker
cyclaonic or vortex separation to renove particles from
any solidhparfigleser ligidd dropéeinseprutestiramaic g pEeas. are usedt o
separ : [ M
gas. ThE B BEedtbePeindte il S RREME W REL oA as
determinged ltloegli ibotagiry thgermmnitation. Wk ran ge Wehegothe adrigitast the gap is

artijcl ca e contained within the, bunker. A second
approxgﬁ%tﬂ@to-‘g*%t%@?.pm r tﬂﬁ?@% BEIRMIAEFS IPAEHE YePaFAtioM
the bupkershbraR hudkbadhbll b%sio%]eéﬂdrugl-f 't(gjcrg?tggla‘gteacd zone”, that

separated fromthe gas stream nge o
1s, a zobe tvbemninirthized eif flowt thidmlemeerb€he dead zbhealbawd the paniokeswalected

. det erm.ned thr h | abor.at o ex i mentation. The .
inthe (i GUS R Sfoae YA Pl Rt hned 4B e Ao igp dp gniranment.
A shor@r BiilRet, ehdd i3 aBubké& ot R g leRSudMard terdd@d 4 88ABRRE Will provide lower

__particle separation. The |length of the bunker should
particlgeeppighgn effisigghy becappesonee partigdenwilbisarter theigas stregm @.e., re-

. i i lLow t urbul.ence.. T ad zon
envinfRRE 08, R Aol Ly M DE G .0 R0
dead zateaihe@dmptdvies partitieusepatatidngthepss. and t heref ore m ni mum

re-entrai nnent. A shorter bunker, that is, a bunker .
not | dREOBAYNBKMEBEPRsathe langil afthe sisHectignimengbeswpy e in the

range df %}??riroxl tEl;';fw,@l. 1?5*#1%31( @u]j.oﬂt fhdtiohb SPEYh? ?‘Iﬁadébi,%ct?%ember or the

particles reenter the gas stream (i.
outlet tnbecrnrte moreabie within tbhe bousing sielp thatthederestib ofithe igap dvadiggtable.

mhe o SR o8 et GRS b oS S eSS S0

adjustabl®@! enment ations, the |ength of the deflection nenber
can be in the range of approximately 0.15*D to 1.0*D.
At | eaBefeaing toff1G@iSt hex an praneidé ryradeneol{)Onie sliyeyn. oFhet dyglone 100

. tlet. .t can viabl.e .wi t.hi n.the hausin uch
inchud S Bhas AP Bl 1P TRURSfor id by Tt Bl peparaea
from af tHd& gagBirdaen. B padXiaMpdriibm 1 6206f thebydla@ 0GAcIhd@tantihlt 120,
ength of .the bunker is adjustable. Referri ng to FI GS.

I

K ( : .
the inteyion of Wwhichyis HpIdY eqpareadtorihe interiasipdWie hopsimech}B [apd érraugh which

a mixtdr@ g;‘ %&@f& ﬂ%ﬁgé,iaﬂgfolk ) ds{b%"ssihfbgthg’ ilgus%.aé hlgﬁ ]%ﬁecﬂnr{ﬁ&h{erg tion
an r I qui particul ates are separ ed froman in e?
shown,ghs irdétrie@ims walls bl (e¢ FI§08) ihanddfiz ankectahgulayebsnectionol 23
(see Flbn ﬁl wi eg déapr}h I1917 gltld % %v?dth 128. FIG. 2 shows a cross-sectional view of the
proximal portion 102 of the cyclone. As is shown in FIG. 2, the inlet 120 can be oriented
tangentially to assist in the creation of a vortex within the housing 110. The cyclone 100
includes an outlet tube 130 in the distal portion 104, which can have a circular cross section

and be coaxial to the housing 110. The interior of the outlet tube 130 is fluidly connected to
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the interior of which is fluidly connected to the
interior of the housing 110 and t hrough which a
woreoobare2pf gasses, |iquids, and/ or solids pasBCT/OA2008/001059

the housing 110. ]n the inplenmentati on shown, the
inlet 120 has walls 121 (see FIG 3) that deflne a

the interipe béthgtloasing il b snd@trwsegas,1elBich sembRRrGially)fragi fram garticulate

th 127 3 d a w 128. FIG 2 shows a
Contanﬂ?ég’ggz@ee&‘ft E(-hlé?usg}ge of the proximal portion 102 of

the CymHeQfifal pdstidrS1GEWAe bytldeG00dnclided ahhhiet bubker. CEHe
be oriented tangentially to assist in_the creation

f
bunkerg] 49ds fasmedibetwenn theeoutistidibagnd the. innes avadhd tmizousing and is fluidly
I, N 3 t
T T A e
streamti@ tHelt®ubiag 91 0,ghdyléhn atbemilatecin it bumket 1D, odidlk dte subktentially

130 is fluidly connected to he interior. of the housh%g
contamgngie-4ieg 2a$ %%éh@agh therauglat ke L3 shanmedmplsmentations ghth

cyclongfl:g@, (}II; A gf.k%r ?WEMMlH]%Qonﬁ&:t&thtadallﬁ%nﬂ% ﬁipﬂgzn@-'lfglch can

portion 104 the cyclone 100 i ncl udes
furtheranmdsamemartioatates'r(hg fcaldoting m@prwarﬁng the patisulatesrfor Igeuse). In

. aqutlet .tu e _housin
the impleipe ot TGt SRS G 1 PPIEBID [ RGUGIRG pipr tiauid
collect®® iPRE buskrayges are separated fromthe gas streamin
the housing 110, they can accunul ate in the bunker

140, wihispectimplesmenitians thelcyglore HGeanraeladg aradagtes connected to
the 1n1$t:1&b3%é%¥ngu ﬂﬁ énrigtf ﬁtdtﬁé gcy L #Q Gf é‘oijgﬁmlﬁlfl’[ﬁ:ﬁ %g% )8 exaglﬂ)e where the

sourcelificlidasipiivg Gathrig@tssortsahadidfféri fﬁﬁﬂkhe&ﬂmlemmm;toﬂﬂm ket dﬁ@t The
further process the particul ates (e. oIIectinq ang

cyclong 80 gp1 W@lwdﬁ Quilehmiping pad g oxhgpst g &%Ifcteﬁ #p hR@utlettube 130 for
i Vil

cas SRS 3 OHR G HBEST o hyld ), rdigt

tube 131Markbp1pnhgo In bthesmm;demmnhtéomnﬁlatcydnse t Gfkis wymhactﬁé td @Risting

. can i ncl adapter gonne o t he. |n
eqmpn&%ﬂ@étnﬁﬂgs PRI P and; faans%cﬁm% 2 PSSR ﬁag &%Ced for
the plﬁlﬁ’g' arRMGHTRE Bn %@ﬁ%fﬁ'&?cl%ﬁ’élﬁy%%rﬂ ncl udes pi pl ng with
dimensions that differ fromthe dinensions of the

i nI et lief@mrrgrﬁeawe |Fé(ﬁe2 igocystoneil A hatien nnet wall pl hdefping an
inner <f %Ipe [?)Xﬂﬂus[{hﬁ ¢yl o W%fglglﬁf:st Y détﬁ%ngﬁjﬁleﬁ'}be} ff‘&ﬁe& ﬁgide the

rylng conta
proxmwboﬂfontlh)e offf @LtShd‘Dtgmg]l@O ddi'ﬂcemtgh atpieximat faeé 1tdilel &ﬁ@lal to the

i ping. In other inplenmentations, the §¥clone 100
housingg 190 Fnietesampls cygions phry b dif datlertion MEmbEmkI0 pddas an outer

dlametg:rﬁgflmcpé féhg@l 1%%d66§@n¢ﬂleq}ﬁﬁflﬂ%. lfnamherqglf)ﬁ:'n% atlo s, the

m nat1 ng-the h or the piping and/or t Fan as
deﬂec@mmemﬂbeﬁliﬁy@hm&moﬁywtretﬂmr tRef eslid. ng again to FIG 2,

t he cy | one 10 nner .definin

nner " SRSt piop iy bt e} ATt 1 BB gmgter 134 and
protrud&fih@ché RtaMBoRieh 1096aiRhoLSAE U0 &AM8 a length 136. The annular
bunker 140 also has length 136. As discussed above, the length 136 of the bunker is greater
than or equal to 1.5*D, where D is the inner diameter 114 of the housing. The distance

between the distal end of the deflection member 150 and the proximal end of the outlet tube
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proxi mal portion 102 of the housing 110, adjacent to a
proxi mal face 116 and coaxial to the housing 110. In
wo b@ogxaepl e cycl one shown, the defl ecti on nmenber/CA%D8/001059
and has an outer dianeter 154 and a | ength 156, beyond
the inlet 120. In other inplenentations, the
130 defimdsl aeftaw gap he&Orbes ditEGsababobe, the baroiw approkisnately A *Eyto G8D in
The outl et tube 130 has an outer wall 132 defining an
length.out er di aneter 134 and protrudes into the dista

por ti ofhe g of AR (PUStidHtmdrhBeris0hna ohﬂétgtllbb 1 RBlocakbeinside
annul ar bunker 140 al so has length 136, di scussed

the howsbevid 0 cehdelpdngefine Becediingtiaabygaioas wﬁ@ﬂgth@ heesing bty He
o 5kt B e AR A s PRl or
deflectidhEmélabéraiGUI a8 afitieewall 502 anthettoasipg 00 amd exeerdling fromehe
s 1 S s e e 2B Bon S T UFREE,  pane
deﬁnecltl) ﬁ??tél[ha{l E%% 1%? d)tf'tl%r@eﬂgrztl&mergﬁéﬂ 165@)5 | PR 115%@n #¥hde a

'ocated 1 nside the hou5|ng 10 can
separafi@l fegiom 186f iheeylihdrial fogitntingdatherhogsiogd 1 Gbeuridad biighe inner

wall 1P RCaibber A e B TRB i it it e ulef B £ ope
housm%ri?o d&d [ filde %‘T)uﬂﬁé'ft}@g?loﬁ@% ahélvAimebeEveehahd oukdrdwalf 136f the

ousing 110 and extending fromthe proxi mal face 116
outlet tube tIfe anrbthsumgprmdi 1113 of He hongingfl 19 ped getending from appdpal end

s orfabe b g S0 MRS hsTethabale 208 122 of, e

separ afi thd inh§igineitad&Oshoiwhie theythien 120 Babnieegidao thelsiudmg 110 in
t he housing 110 bounded by the inner wall 1

such a|veydheidhomcaming gasstrersn ealers tBa cYrpHe Fegigb! Mtﬁﬁgousmg 10
tangen:t)légil gltr’]d &ggg %oﬁgd th-mﬁﬂga rﬂ&nﬂé’r 5BaBetive& %eﬁec@i‘éﬁ lﬁ%mber

vol une meen e’ outer wal
150 arddnize tumtet @hll tl Ubef thdBoasinig 11 He T}mmneamdldwshmztn@kempbry dlrectlon

83508 1% e S0 R LR B e 06158 i
pamclggg%hﬂﬁe %gsostrel«lﬁll tA\eht E@éaﬁ{rﬁé‘\tx@ﬁﬂoﬁg tHe M w: ilhﬂ 2 ﬂie%tream also

I's connected to the housing 110 in such a way that
moves thwaidtbe wirtie tgtmslwtmelamrenmal portiva 19¢of the h,ouﬁl@guliﬁ In7gpme

he h
e e S I A% L LB AISHE 48

wall 12281 8Rdnleh£20, HrR&dingah httabkangle 126 ®etvasea Itlﬁ@tvébl\oalls'l'l?e and 124, as
streamflows in an exenplary direction indicated

showrginrf(s2.10ee anght h2€c¢a@a>tau$¢gtha crogeestien oh e iplst pO &Odlarfow at the
portioR & gl RRLALS t&?%[ hgngy% us 111&955‘?%%3@5 tvlefbkﬁ? of i@ :Eaé Bﬁaﬂ‘?&% it enters

ream éam f ong the I nne
the hotibiag $10.€ae @lgo1 2msmaualdocwdy dirdch ehequas setan tiveard 8@ inmer ‘wall 112

of the hgusmé (1){((5 r.':Tlgcll/or erctr‘lsagg tu]fl())4ler(1)cfe 1}1 ee srgroelélr%l arg% en%ers ther}lousmg 110. In
other implementations, there is no attack angle, and the walls 122 and 124 of the inlet are
substantially parallel to one another.

As the stream rotates within the housing 110 and moves in the direction of the

proximal portion 104, the stream moves beyond the deflection member 150 and enters the

separation region 180 (e.g., as defined by the gap 160 between the deflection member 150
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I mpl ementations, a proximal inner wall 122 of the

inlet 120 is not parallel to a distal inner wall 124
w@boobheenl et 120, yielding an attack angl e 12BCDEAM®8001059

the tv/o walls 122 and 124, as shown in FIG 2. The

angl e 126 can cause the cross-section of the inlet 120

and the otithét hebw 130).t hﬁha s¢farationctgiow $80 the 1éelehunipdndidtd of the
t hus i ncr eaS| n vel oci t¥ of the gas st%eam as it

streagi{€ & L2850 MOYE vyﬂjg fhesentep g glﬁd]ogsqg 1Qy 3y |tg%dq:{§prpcomponents
(e.g. Ciicfu?&tanﬁrb? s9@E) SLhBATS AE diohBehd MRS Wil 12, Hir @fahREntinues

housi ng 110, and/or decrease ttrbul ence I n the stream
to meie tpwagithe peoxurhel feotiesi Heyf, where the sdisteatially contaminate-free gas exits

SN T N A T —"

fallingah dn@lactinSlagn@imahOBinkeA$4d.he streamrotates within
the housing 110 and noves in the direction of the

pr oxi malhpeirctansd 09@an be mansfactzad fie erpterealosghiapstainless steel,

acryl?cg%l\/?%tah%r %@t‘él 1%2‘9 t%[thi efﬂts%{n% ﬁlggenﬁe%?a%roﬂg 8&@08&1&3 O the

cyclaeflioe¢e. gothatriubiap 116,0h6 dﬂétheo otlht: befletttutize] 303a0d the mlfkéh&e
separ atj on re i.on 180 the | ess dense conponents of th
man g uteth from g2 Va‘ﬁé%de%‘fetﬁﬁ%l fioheirtlar Way xficsy ot iof HYAC systems.

The fh‘%@ﬁh@t@l éla]‘nge Hhéd ?14 dlgfercgﬁﬂéﬁéd fodRA 'ng‘lg(?lé:(aaTcgnnponeﬁts (e.g., the

ul ds and/or so continue to r
housmgnldﬂ thalohtigtk@be M and the dikepamlonmae be stampedt end assamuled to form

I 104 th t L1y...
rectapgpiaparene e gageanet U i Guperie Raipee Aabilior gy
relati@8low B6st @ F&l@ﬂi‘uﬁ&i S ctaRétel, tHehSclous K eo ciﬁﬂivﬁﬂtaé&%sly be

subsequent falling into and accunul ating inthe

consﬁwkfé}esqmensm@y &heal dspigng thet maludp eompenemisceaRisgs frosen

P ARG B AL BT ey ST €0 YO

i npl enehtigtinemstiomsafpitneelonedD0 hhee boealshowen Idfadiemgss, collection
the housi ng 110 the inlet 120, the outlet tube 130,
efficighefes npr%waﬁ hedTvan Eﬁogv@wr B effiiency£rn aaiyAegendiagen the
pron B foR Rkt el L e S
eXpefimemso’ydré pelrducted fompmpé@nmt:(tmng)f the ¢yeldneud0 iwhetd Particles were

et . tube 0 t ke) and/or can.be
moniSH RS S D0 Ao MF LR s o B B Efvder
Techﬁéﬂ%@?/ afc. A Bukitvate, MAnesBl4e The dR& st zeld@sthib\Ridh vt between 0.825 im
aval l abi | i téﬁ/and relative | ow cost of gal vani zed sheet

up ton¥t Bl im with tegwkandiam@®r being appreninzegelpug!ly ime The majority of the

onstructe S n desi at i clude
dust G SRR GO0 B B il P abGT AL B Ry e
appréNitha@XPR.BS] VEthe®d @ipeaments kg faERASPW PRSI SH ad dproximately 97%,
cycl one _100 have been shown to reach nmass collection

hOW@qef, ithg effieicaey em bedpshsx oRtaver depemiing enibe gatticlepe
ef fi ci epfyckhe\idh¥al! 50 SR JAhBcibll§ to separate solid and/or liquid

particles from a stream of gas. In some implementations, the cyclone 100 can be used as a
pre-filter prior to other forms of filtration such as mechanical filters (e.g., fabric filters, and
bag filters), chemical filters (e.g., activated carbon), biological filters, and/or wet scrubbers.

In these examples, the cyclone 100 can be used to increase the life of a downstream filter,
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properties of the particles being separated fromthe
inlet gas stream For exanple, experinents were

waeewdaced for an i npl enentation of the cycl oneC1/0A2008/001059
where particles were nonodi sperse dust that was | SO
12103-1, A3 Mediumtest dust produced by Powder

somelsfoltioh Ofybe mbf: expbndbit to Dpetatecthathenrgsiohd . by B othugicontaminants
size distribution was between 0.825 mup to 87.57 m

beforgireaehingehrdannsdreamellés: Bethete argplsei Wﬁﬂ@"}Sl@Of g qyctane pre-filter
e 0 FERL s S e UL bl SRR OIS AN e can

precaijppndlor fiztosd theZyéibne in filtheineludx pblralvrmaﬂpanﬁble and/or ozone

ef fi |en s high as a p oximately 97% however
eneFRYS {3+ (4 1| 05 ERnAREORTITHED. 87 OWEUBTnIRe i cHE IO ¥ fer can
be uddd ik u{&|&§yfomeofffﬂﬁ£t%e 100 can be used commercially to

separate solid and/or liquid particles froma stream

of gas. EXmmsl@lryBlSﬁm’@lr éreegyc bone ardydetuse icyevondantO® reduce flue gas

. be use ri.or oothrfr. of .
emis T E 1o d ol ieEab B pbisr i eutgR g plants. A
somd ingl@héntatasid opa@ dycloheds hot &dwmyszadl mhddid 6 lveRtsdo capture the

activated carbon), biological filters, and/or wet

contapingppdhe resplting ﬁwéreémﬁml%an bretficjantlyisposd! efzn resacled.
used to increase th eamfilter, sone
of which can be norgu%&%g%és)ﬁfo\‘;%y%& %e% ate than the
cycl oneln soyneriepbamengativastthercyudates] 00as an efficemc kbstgeficbive way
downstreamfilter. .1 n_these exanpl t he incl |on of
of rego¥ g SYIPAURFRUATINALGN g ¢ %%wswﬂ%of%@#@wrrsgane jonprocess. The
cyclcﬁ{é I@U%ﬁﬁ‘bé chabld &{QSWarﬁﬁflﬁgﬁéptot R &% eric'lcl,stq%g) r#&ﬁf’?én the size
can precede and/or follow the cyclone ali I Ter
d1str1bntnbrma” patticles\anteriog iptathd ¢§@icmeasidmar toazhnretv@mhmeamhas wet-

sorufi bl Sowpicosh R REe arTPIen (b CHeler0 raBatig ngevities
greatePihin ki BT Rbt-§drhbuvest While répr@RRIRY IncUHBa tb Bhic-hiN€ the capital cost

cyclone include use in power plants to reduce flue gas
and asierisath dhasoparaingirentscal pI ant s, in manufacturing

pl ants, e >
i mpl emsn?fggj el F { hec%%/n(]: §nr8 ggengaq on Ofg ’E%yg%gglfor suiphur
granufetiorainOludfg| a/@mcslenoo teghowme Theeysentaniingmptified b illustrative
resulting captured particles can be efficiently
PUrpees BRd eaf igrluge mé%yrcﬁe@@r clopieps manptbwéwn%m eample system
400, %fé'@/ci h66EA B ﬁs%ﬁst? rdnfle b filaMifatd Ol huge i 1L fexln rs%f?)ﬂg froma
cost-effective way of renmoving sul phur contam nation
sulptfur (grarmtaaoa prass0rhechlfar grahydhtion groesssdradi2dwhjathde elssvn simply as
b %&s cycl one 100 can .be ca pahl e of 98% and hi gher t ot al
ox B“ |°8F1 er E’Qred%‘ﬁ%eﬁ& ﬁ@mB’ﬁ‘ef‘ EAPIOAUGH QRISFIpRE fafjgclude
hi gh&fcoﬁé’énttﬂaﬁbx%soﬁ@ﬁﬁh'pﬁﬁlchfhtté% thdifis GUEWEN By re%'umtlbﬁr Id &me
ot her techni ques such as wetscrubbing,” but at | ower
examplest totgl pagistiatesyiaaphavst (eghdn @Pyhﬂugfrtbatll@ @entachtosatmosphere) are

regula%'aqg %E BEI%%/ 50 mg/kg.

An exhaust from the sulphur granulation processor 402 can be coupled to the

inlet 120 of the cyclone 100. An exhaust fan 404 downstream of the cyclone 100 can create a
pressure drop across the cyclone 100 and draw flue gas emitted from the sulphur granulation

processor 402 into the cyclone 100. The outlet tube 130 is connected to outlet piping which
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greater than that of wet-scrubbers, while representing
one-third to one-half the capital cost and one-tenth
W b@opweati ng costs. Referring to FIG 4, a sSPCEOARG08/001059
representation of a system 400 for sul phur granul ation
including a cyclone 100 is shown. The system 400 is
can bs coqpled toehle fanr40# lahdiet a atatk é0pfromosiash drectleannd 'exitalustc@s is

. re or fewer elenents th those shown. |.n. th
em’“@alﬁﬁP’é‘eé?mﬁ&ﬁniﬁﬁéns lﬂ?FeCyfs’@ledﬁ Cavey B%P%Bc‘ﬂété&(’%mmauon of
the gds&{OMA lé;ange\H} ?Eﬁ?e duiet 188430 B folRr Bxh 3B IRe | OB example

sul phur granul af’i on process. The sul fur granufation
showxp),rtb@ easswents40 2tniedphers 408, althowgh gi othéryexamplesxthd 6ghaubigas may be

ceptufiodFeREena e TRREEE BEOR arSBbABEREPhIS BRRTrontes more

addn@ﬁﬂqawﬁ;particulates than is all owed by regulation In
some exanples, total particulates in exhaust (e.g., in
exhaus tin $97a¢ IMplemeniations; & 2K ppBlshdcp paRdoYsayOtessiag andthe

tempé}gtggeu+qu Afde g%%@g%@%o%g%gz‘ﬁ“{) ﬁ{g‘o%Jngeag lé%‘tpﬁtf% the in et 20 can

be in Ihé}l(ildd‘f)mﬁ hehd yarh oebdth0 Whsn dablats of llﬁﬁlﬂ séphur] @Wlﬁzlsrtﬁm found
the cycl one %OO can create pressure drop_acros

in the EAqoaHet A 8 agﬁé@ i 5 PR e ol 20 e RS HP) et 5 below the
melti %&HP{E sggf'ﬁ'ﬂf‘g SQfe gs 8P thd cﬂgﬂle{sh:%n@ ?Alﬂnﬁld adhere to

O I S confect to out
the sunmce bosmgaa umiaptaebb ‘tumldtttpe While @4 yelod¢ dPO0 & aapebdk oﬂ06

il A A B 5 O P L0 eR A Gl cin b adhBageous

to manﬁmhlﬂwé i PN Boti0 3tatORhiS cdrlfeﬁnaﬁﬁnﬁlhrtﬁ@?ch&@\moog To help
hrough the outlet tube 130 to | ower than I n

accomml@hé&wfécwemnta@tweltlgténs flpeigas cancbedhoaiod by ertemmahre that is

ol l e st 98as 0
o S P e BB SR AP0
Smcefs@fneemlﬂﬁh@tatiohﬁ ofiab c?dfl&n@t 1 mmeaﬂﬂ@ sted () ad)rrcfsll\PeI ®hfaminants,

In sone inplepentations, for exan? due to previqus
such a5 ydWE 2RE Oahtghttﬁ@l’?ré“‘ﬁ%?r diegyelops 19heanrhe ppangfactured from

mater?sﬂ% RAKEa Fwe%f r\@o . Elen g&?\o{s ns]%h‘?rélgfésst&?éee% §§31t6h§8?104 and

et "120 can in Tiqui or b
the likien droplets of l'iquid sul phur, such as those found
cont.act a surfa nner

the flu
wnl | 199 S4ie FRRIREOH G 2of PHECLIAS e PReomR lofgntact

with B 'ﬂﬁlt: g8, sadH RIHE ifh@PRUfl 1118F e B6888: T, Bhetsiker WAIE132 of the
dr Iets can solidify and adhere to the surface

Outletctab.@i}fg thmoumaeaﬂ }mféhedctfmtlg@ meytibiet £5Q, itee ioper walls of Olge

a n S ratln both salid
ook 467 RIS URY Bk PR ARE i R Rl o 3R Tt
covering the lst[ﬂfaﬁ:le fo bbBeed Whhlelettiici dl@mérits) lﬂ&lﬁn@ﬂ@é@h%\hlble steam is

contained within the cyclone 100. To help
flowed, or plate-type jackets through which steam is flowed, although other techniques can
be used.
Referring now to FIGS. 5A and 5B, an example cyclone 100 that includes a
plate-type jacketing system 500 to heat surfaces of the cyclone 100 is shown. The plate-type
jacketing system 500 includes inner walls that are integral with the inner walls of the cyclone

100 (e.g., the inner wall 112, the outer wall 132, the inner wall 141, and the like) and
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acconplish this, surfaces in contact with the flue gas
can be heated to a tenperature that is above the
woredovitng2poi nt of sul phur (e.g., a tenperatur eP€TIAA2G08/001059
greater than about 1150C). Since sone inplenentations
of the cyclone 110 can be exposed to corrosive
transfehicatnto niagst svallsuThe aﬁtam b@hhincludanoidter whllsgd20 and inner volumes

530 DRGER i BN O 5L e D6 S DD ARG o5 PSP atl SOGHUAION laver
550 cah Rédp! lf‘eﬁtsfr%‘:‘r%latgr?g &hitof %%%@emsﬁ%@of}ms aﬁ'gctfnh@hé h&@lowdrdl the

sone i npl enent ati ons, one or nore of the sUrfaces that
desirasigamgeisiie.g., trinaatwallstof thehaycidngd 0gasA hsaﬁeﬁs@stamﬁe suqhresisteam,

can b%ﬂﬂ”&% H{%?I ettig go qﬁ‘i‘?é‘gfg gleéﬁgﬂé’loruni%éz% ﬁ’&l géﬁzoé‘gl% tﬁS to heat

the sySRAPSU0 dGurlotifdihg E‘lﬁ'fac\é@td , ©fa tEllih e@tﬂﬂi‘%ov&‘l@?@nd t he
i ke, can be heated es of heat i nq% t echni ques

can i n&hqwéat@—mnaqutln&&vw Pk eant e anuiecivied figin sieel (e.g.,
alvaﬁ 288 L Cim‘ﬁes%l grpf‘tgg ?1%%,)[ a{ﬁ*a/d}% I%E(IJSYJ%% m?ésﬁ?dﬁ 0 corrosmn such

as that bmmediby aﬂehﬂnpatgfhlglﬁ h@l"t traejmkqmymm 309 caadd purchased from a
Ref erring nowti . nd 5B, an exanple cycl gne
Provideia! FHHOTHES RO T UTS- PEOReSRETSYcl gspla 888 Qegtrical

heat tpﬂ%@& gf%Hsrs fa@ %ﬁw ﬂg)pﬁé(&éﬂ%@fhc;f?&]s' s shown. The

type jac etl system 500 1 ncludes inner walls
t hat ards uhmﬂeg gad paspdstihtolgh therielet 12( drsl apfers ﬁe otyyk:»hr@rregion 170
he outer 132

of the VRS EAaP{ S §55 ToVREmD R 17 REecHATIRTIGT LY GMLEp Hsgomard th
dlstaltdi‘)@@&l Vel dfshe ﬂ&ﬁsl@ﬁb%@ QiR dgsar Ainycioat | Eeﬁs%@ partlcles

i nner vol umes 530 between the inner walls of

such @sy&plhdﬁ end iquidn- & ,Hmuabstéphumlmmetsmovwiosqn smthatlmmﬁ Wall 112,
while Spa¥t%ecrles5c§8%s%g‘r engl%p suc%ats Ee ¢ e aaﬁ 90 A die@ﬁc&o mernb ef 150.

di'rec ovvar esire

Wheﬁ e getdan afvEs intd the sbmatomglloﬁ 180, thh gaey elovB eovt4H the ddnter of
eat ed substance, such as steam can be flowed into

the hw«ﬂr@t 4 Ogle the selidgand Hguids Framaiy sloserao soinneruelbii2 all while
contufn[lf? oorl& t@fn%ld%z? ltlchs ?,qtlotaﬁﬁnﬁ%ﬁ{ mvglqpthéagtal ggrtlon 104. The

surtoundi ng surfaces enperature above
substdritlally coffamimpitafree gasygads fledioatingd 16 ysowgh the Outta tubizel 30 and is

) nuf actu from st eel al. vani ze .St ai
direclGIP (R SAck A0S RGP OMBIRRT DA e i Lo R e s Pl 112 toward
the d1§€ai51 rtibR 1696 Qx%'h@ﬁsm?%@reqﬁe} EfecCRYBEBuRYr M(ﬁam and
high heat. The jacketing system 500 can be purchased

fromalp rﬂw:rrméfvmmﬁ@tton@ dsscobed bgreathd cqldmmdatamlwn the bunker

Le-t st.ens Iat lectri.c

140 cﬁ%g rﬁ%ga& % atfélélgér g}a.ﬁ ov? tbF Frg ing pomt ?’ sulphur
(e.g., $}Qﬂﬁinﬂ<bl€3@fnlbéﬂﬁamt%ﬁ1eﬁ hBovd a@r@ﬂﬁlaté@SBI@SCI hrieughkéheo can

nlet 120 and enters the cyclonic region 170
1nclude the outlet 141 (e.g., in the bottom of the bunker 140) to allow contents of the bunker
140 to be removed. In the example system 400 shown, the outlet 141 is primarily to recover
liquid sulphur separated from the flue gas. The sulphur is directed from the bunker 140 to a
sulphur storage and feed tank 410, where the sulphur is recycled back into the sulphur
granulation processor 402. However, in other implementations, the recovered sulphur can be

disposed of or otherwise used for different purposes.
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of the housing 110, the gas rotates around the

defl ecti on nmenber 150 and noves toward the distal
w@orowitorn27104 of the housing 110, thus form ng PEECA2008/001059

separation cyclone. Denser particles such as solids

and liquids (e.g., liquid sul phur droplets) nove

cl oser to the i nnéforizattul Gﬂdqne\/ﬁmwl@arti cl es of

| esser_densit C as remai n cIo

def | edk§ S‘Fi‘nﬁé%‘géé %lgbsor‘?/%‘é‘}???rﬁ@tgtloﬁé’atn? %%e é@t C(?n{%ﬁ e
posmo?i@(P ﬁfc@tthaﬁ Rhd £44 8thé %@usuﬁ%@l (DR DESn iR ¥ebstMtaN ¢ hbhigontally rather

center of the housing 110 while the solids and_liqujds

than vergeallyrasshowrin FI5. tlhé\si witlepthamimplamentatigns dggrribed, an inlet gas

a5 B o LA P28 20 8 AR A

memb&@HMARAbCesl tb@erddRs didal psmbh S0M0oAbirkliOn bk thel@:hntyhmd the
outlet tube 130 and is directed to the stack

cyclongpantignicaussicopaminate partiglss foafallantgfgd peumylae in fbé?aunlﬁf“o
while %l}%vﬁﬁgalwecgﬂlﬁlhgrit %t%tjg Eﬂts]tgé 8ﬁ’tflet L d¥0Uh ﬁﬁ HebRal

I'n the 1 npl enentations
1mplerdaﬁ@tidrb&fé dueker, odtlbe64:10daltléxetoetén;amdtsubsttaﬁlaiHN Vbﬁ@a}:h)a akshown,

140 can be maintain e re that
such % GEav gy BREE FPTIONGE P e o S el g BaRBE e
can bexpaliptRHG i oY Ent3REs it e h¥ovk] BPimprovid éficiency, the

bunker 40 can include the outlet 141 (e.g., in the
gap 6dodictweanche titﬂaectmm keembn 650 arl tht loviletdehe Efthas @fleftgﬁléln the range
bunker

e I ey ed. e .
of spPERURRAE 18 U5 LB e etgt PSRRI e SRR it ioper
dlameﬁ:lr' P UTHS RAZAI3E G iebinkBec 40l ib @pirasimaldle equdl phoir grester than 1.5
directed fromthe bunker 140 to a sul phur storage and

times fheduner disnedar®14wher e the sul phur is recycl ed back into
t he sul phur granul a 2. However, in
%r?é”{nge%gsc ‘}eo

ot her inpl enmentations overed sul phur can be
di sposRréfedfingto FIGhEranbther Uﬁ;;ﬂelmématlm éffamrexample cyclone 700 is

showrg ”ﬁﬂgﬁéimm%ﬁ%?%@%m s TPl A Yo an st Lo the inle
720 tlﬁ’&?éht\i/ﬂ gt aE F‘@%alrrf k‘cﬁl ;?Qéé ﬁlt@fhethlaﬁmﬁgqﬂ) NEhcRHBd Wathin the

ori ente orizontally rather than
inlet 7\26 rate caleb yz.ﬁﬁlasdwm thenanrang ‘as #seami, ehcapiragng the stream to rotate

aroun{l ﬂg q%glggtg%hgrgger?ﬁ? {%\E g}%ﬁtér?gnw:e gyc %xggt rIF va ese %56 £r% used
rather%Mﬁn&é}ﬁlaﬂﬁﬁét e%‘nbﬁ[ly méleﬁ@owﬂﬁlﬁ@lomv gsr éx@.ﬂ@lls;i 1rt ﬂne range

distal portion 6 A conbi nation of the gravity and
ofapnrhmnayedy 80ffocs gempared é«a%é Eaveexni aneadysntage) the CYCéone 700 can

be Op%rﬁtgg éﬁ% I%W%Pgne?%’ﬁ%% Aant éhr"{é%%alggge r@d"? he oluthféas stream

throughtBe cfdB8ne 700 zts%nﬁﬁfddztﬁ m}ieaﬂangmiphlemmn bﬁtlom:nl, 00t he bunker

outl et 641 can be orjientated substanti vertical
as shovs, WiguRI§VioHsly dgicaiped Jmplegicrtalons,t q’?"eé‘/?‘é TR Eﬂt?tayaround

the inR@"0d1EY BSw RRA/1RE hdustg 7 05 A8 dREmBHENE Trddd the proximal portion 702
toward the distal portion 704. After entering the separation region 770, lighter gases move
toward the center of the housing 710 and pass into the outlet tube 730, while the
contaminants rotate along the inner wall 712 and collect in the bunker 740. As with some

implementations described previously, to improve efficiency, the gap 760 between the
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As with vertical inplenentations described above, to
i nprove efficiency, the gap 660 between the deflection
woretbe149860 and the outlet tube 630 lias a | enptTICAZD08/001059
the range of approximately 0.4 tinmes the inner
di aneter 614 of the housing to 0.8 tinmes the inner
deﬂectmnan@nbcrr 769 4nd thecoutlehigtbh 733 Basd lengtda ity threkren gebefappoximately 0.4

imes (AERE GABREL 1P RS soltaBle g e b et 7o e

bunker|:7|4@us dppréxigtabedy equiptesrait At thih PB tiesEHATHR biEdiEMEleP N ES.
700 is shown hi sone inplenmentations, the cyclone 700

can include an i nli&eaigesiadlxetplehe inl et 720 t hrough

whi ch

o 8 L T SRS R B o
the cyodbncellOO Thet isjtho g appoxFhitelyr).4 en@ 8 tiheg itginhéralishétendt the

. to rotate arqund the deflection menber 750, thus
housm&raélstthqaq’t@nstﬁ@%fglwﬂsr 15 GDPIGRIMAFY ] criemorsinagsahe, agr diameter
of the Hcﬁifsfﬁ%r Ih Bﬁ‘@pﬁTlElﬂQ{giﬁﬂ)tlélﬁ‘éntétMnefhe c @l@ﬁé b4 Haslt E@ following

ficiency Wl 'ower, for ex e, In the range of
mnwn%@prOX|nately 80@6as conpared to 97@6 However, as an

advant.age e an be operated with | ower
ener gy %%§Q %2§¥§é2£ ﬁ%ggpﬁ?hn be required to drive
the Qgasles1ZEaMidtANOBSR7DESALS haNge W2 ASf COSRRREE to
t he tangentlal i nl et cyclone 100. lg w th reV|oust

descr idséectiongnemesitlad irotameten &54efs. @tméamlwdpwtbé 56 0f 6.0
around the inner wall 712 within the housing 710 as

the stream noves fromthe proximal portion 702 toward

t he dicsitlad tupet 30 s0ukddiankidra 54 el Orihctes ahé lengharsatdfQs
region 770, lighter gases nove toward the center of
inches ne housing 710 and pass into the outlet tube 730,

whi |l e e t
And odP ect” PR PripDta o BuBfol iE b AL alffiibld 16 tha
the optimglIremgertfzhp oodd e sdantified previ ously, to |nprove

efficiency, ap 7 bet wee

750 antinges b Eraedi PSo e TR gL HeHEse A gstable,
so that @ LD ¥aERIE koY Bordd bé TRstiti&E | nner di arret er 714 to

0.8 times the inner dianeter 714. The | ength 736 of

t he bR lengsh pEheysingoxd fded| y equal to or greater
t han I 714. erlne
Exarrpl:lz% érsﬁ‘l_ . a&%@c‘&{“@gl l&)gg)lagﬁgtﬂ% zilboae dlme 1ons was tf%rlﬁated and
experiénts oRE: doatiadted, avitidir et meaduréhents y/@feﬂléeorﬂ&@ A'fzhﬁﬁosmoned
IS, tpgk ﬁﬁ S af rOX|nater 0.4 t0, 0.8 times the
downstreana Pt {F QHEstdrbGE G a1 1R dlutd Wgnmawaattqﬁéh?réh Yhpvaspopergted at a
speed skﬁHﬁ‘ Kk tHeSVe?ontk ‘%L HaB1ef DQOlwg’s ag)hr(f%gte @Pé nled€s b&eEond with a
di anet er of ousi ng. e particu
flow ratengf] appreximetelyr)-70m’ hyu, oAqar@@zﬁreldazp ¢ freppfadihatel ydy3.0 kPa

(kilopascals) was recorded. Using test dust with a diameter size distribution of 0.825

inches;

micrometers to 87.57 micrometers and a mean diameter of 12.11 micrometers,
implementations of the cyclone 110 have achieved a total mass efficiency of 98%.

A second prototype cyclone was fabricated having dimensions three times the
first prototype cyclone described above, and was field tested in a sulphur recovery

implementation. The second prototype cyclone was considered a full scale prototype for this
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di mensi ons: inner dianmeter (D) 114 = 9.5 inches, inlet
120 = width 128 of 7.25 inches and depth 127 of 1.25
w0 pwbasto2tlef | ecti on nenber 150 = di aneter 154 BET/CA2008/001059
inches and |l ength 156 of 6.0 inches; outlet tube 130 =
outer djaneter 154 of 7.0 inches and | ength 156 of 25
particujas éypesof igppjsmentasion e iptheifk acadd protoatynss e, dirkhesiorengtrh anf
ghe gap was adjustable, so that the optinmal range of
dap could be identified; bunker = for experinental
pur poaﬁﬁerdﬁdmetétﬁ(mtlm4&f14tlhﬁldéunker was adj ustable, so
that the optimal range of gap could be identified,

over aliflet &yt midth 1880 3\1’@‘014655‘“6 dﬂé‘étmﬂolf ilY éachps; ot ot ype

cycl o%ﬂ%&%nﬁﬁé’ﬂiﬂ& 1spe (ﬁgl‘ﬂgt%r 194 ABFes\%a lén%ﬁ{ i%’a\&%

and experiments were con ere n cert
inchesreasur enment s were recorded. A fan posi ti oned

downst r f e outlet tu 1 an |nf|

cormurf" gg& ‘iug‘hl%&eroéw fi‘rﬁm%ﬁéegqgﬂé??g? tighes angd @%gdSQGEW inches;
that tdg=vigh@fbtYo &chtdie inlet 120 was approxi mately

0- 20 Fres er second with a flow rate of
appro%ﬁﬁﬁ@efﬁﬂ@hlda2mﬁmhaur A pressure drop ofd N

appro 0 kPa_ ascal s) was recorde
Uang)%tvgggﬁg%%]?ogh?lﬁl% di ﬁ%@%? size distribution of

0. 825 rneqnnMepﬁ)tdtypmaéfabmm@wt&@m@m sGel@@6k metal. The
di aneter of 12.11 mcroneters npl enent ati ons of the

cyclong Yoy a5 BraRaGE Wih i camdabiag e Bowine s baafing Pengarpressurc
of 2 baP SPhe hoéaﬁﬁg Qt&ﬂt thd thlgﬁ&f lelit)(&if ANk mel" ﬁlbzf h@ﬁ& gtq erh%ﬁ'h@ﬂ)ed to

di mensi on ree I'rst prototyp
prevendwalratddesdl}ﬂnbopmﬂchm Gomewliflifging ahé phedingrupahs uj/qddmrr In one

expem{xéﬁ \C/cghﬁ gggﬁ%nﬁn tt :ggggénglerﬁi“c:’%?gf %j;ﬁgr 21! %8 %va(s: %gll)rg)%%lately
75°C. Thé sRAde wasl Blind %R%c&fssf'u[’f? kGRBO R A or ﬂ% tB@ Fevfeluéf{SO m%/kg
scal’e prototype, the dlnenS|ons were as fol I nne

air or lgtisafbe Sow(iBle WasmpprokimatalyR990 mifiret 120 = WI dth 128 of
3 inches and dept che defl ecti on nmenber
150 = di anet er evﬁ“fﬂowi'gﬁ sueniyq 01’ength 156 of 26

I nchesReferring to FIG. 8A, in one implementation, the cyclone can be constructed

follow

as areverse flow cyclone 800. The cyclone 800 includes a cylindrical housing 810. A
proximal portion 802 of the cyclone 800 includes an inlet 820, the intzrior of which is fluidly
connected to the interior of the housing 810 and through which a mixture of gasses, liquids,
and/or solids pass into the housing 810. The inlet 820 can be oriented tangentially to assist in
the creation of a vortex within the housing 810. The cyclone 800 includes an outlet tube 830
also in the proximal portion 802, which can have a circular cross section and be coaxial to the
housing 810. The interior of the outlet tube 830 is fluidly connected to the interior of the
housing 810 and allows gas which can be substantially free from particulate contamination to
exit the housing 810.

The distal portion 804 of the cyclone 800 includes an annular bunker 840.
The bunker 840 is formed between a deflection member 850 and the inner wall of the

housing and is fluidly connected to the interior of the housing 810. As particulates are
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outl et tube 130 = outer dianeter 154 of 20 inches and
| ength 156 of 65 inches; gap = length of 10 inches;
wheoooker4927 | engt h of 22 inches; overall | ength BET/CA2008/001059
housi ng = 65 inches. The full scale prototype was
fabricated out of stainless steel sheet netal. The
separalgg dlophihelgosstrqan incthe houspratl Q;vtltey cait ecatuldie ingtha biiokdr 1840,

. { h [ t
it SRR P B B BB Y e e RO, e
implenhdn@itiodls 8T tik@yelbhe BE, AR nRePS AVAA be TRIRAY 3b Bfbc&Ht® Bilitional
particles fron1solld|fy|ng and pluggi ng up ihe

equlpntey& Whish cap furges peogpssrthepatiawlates (F 8- genllsetingand preparingdhe
panwug@%as;#ﬁgﬁgrecelved at the inlet 120 was approxi mately

ycl one was found to successfully reduce the
em ssir ihlet pdsesticanehtend the nlemBXgndistvirdy aloasthe eﬂ'&:ﬁor surface

e e RS AL 2000 8 L
collectédRAEHERE 3 R DunkdIR40Y §he ﬁfétaq ehd QFthE Bk §I@f4 go%e@ and the

reverse flow cycl one 800. The cycl one 80 I nc
gas streapt thethforedtavile betknig tBd S)a.meﬂdlpacunn ik wbmhlltomt@e&tmﬂlouheg 810

o xR SR 0 B b R0 it AL g 520

the cloﬁ!@l@ﬁ"&ﬂtl&:‘&fﬁﬁtﬁ’oﬂ REAHETBI0NE B&wRehprirbkitha@ly 0@$PRS.0.8*D in
qui ds, and/or solids pass into the housinhg 810. The

length,lwﬂeéQ Dsgﬁledanprtslearmtcreﬁtt heustge0i a1h|e>lertg<th the Sunken 840 is at

B h 1
st 159, 58 SRR e SASEATHIPIN L oIUPLPGAIR: e
should pbb axdérstoos dret dedlectBiZmembércd50aan b vkoa o€ hi el diffefhoSS
section and be coaxial to the hou5|ng 810. The

configyrafion jsg jongrasihgend faring the mlegtahe 830 $94losgly connect ed
to therpfh&ld BTFI6f 88 i oP? ﬁl%e&%@o@% @Jcio%é’%alg 88 constructed

whi ch can b€ substanti a ree from particul at
as a rexcoset ow nmlommSQ(b Webhl vian¢s®2 Showeiided) aBthe inldth élhai sszteailnd positioning

804 clude an annul a
of the BRER 8" 500 ST il PeRRGm B A0 Sl 1 such an
implentt@tdtiog} the Rames @Sf ar8 2k 1aRd it BR Jabner th¥dlcbm®lg {&tream.
housing and is fluidly connected to the interior of

t he hodi lhig tgthg cy@engaiseussed aboze lralieé@@p“artafé@ 8, bl ¢yedone
s00 infife 1 ERATEDSRIRYS: ol bR AFSLBLA P

includesantislei $2A erbuighewlieh aexiktuse bf‘lgz@mhhdilh@s abid/beéolide Pess into the

sone i ement ati ons of the cyclone 800, the
housm%gﬁ%ﬂh&f@de%n@% inqlydegiap outiehinks 39" also dHiepresamal portion

802°, \A?fﬂéﬂ QERLe W@ir&lﬂalcéas d&éEtﬁ&leJndm’eQ:%‘iﬁgl foltfee H&fsidgcé'iloa.t PRe interior

e.g., collecting and preparin
of the outlet tube 830’ is fluidly connected to the interior of the housing 810’ and allows gas

which can be substantially free from particulate contamination to exit the housing 810°.
The distal portion 804’ of the cyclone 800’ includes an annular bunker 840°.
The bunker 840’ is formed between a deflection member 850 and the inner wall of the
housing and is fluidly connected to the interior of the housing 810°. As particulates are
separated from the gas stream in the housing 810°, they can accumulate in the bunker 840,

while the substantially contaminate-free gas exits through the outlet tube 830°. In some
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particul ates for re-use). The inlet gas streamenters
the inlet 820 and swirls about the exterior surface of
wo b@ooudbet tube 830 and then about the defl ecP€DOA2008/001059
menber 850, such that particles are collected and
) stored in the bunker 840. The distal end of the
implempesiiadiong oBthe cyelons BeX athe drukar 840 kan bstfhédimneohmeactsdde edditional

- f el it
couprih YR AREP R SRR thHEEE 20, LURAE ikbarmeee
particudék fol Feeugap 860 between the start of the outlet tube

830 and t.he cl osed end of the deflection nenber 850 is
bet weelCdplst &35 Starm epians te mleigB29), grdrwinls abowgthe exipréareurface
3 t
ofthe i b0 TRCh A 1 Shh R AR SIS
collect(:ch mdjfééﬂeé(m therbunkertfd0’. 8blte distabérvet thesheusag] §16° Isltﬂlf!;ed and the
Ho it shoul d be understood the deflection _nenb
sas SR REERTOm TGP D3bb D SRIES Gt ioR 0By b it TR gRuSIng

810’ arfilOexite FebndthelolBeBbe éﬁp ' ‘Tﬁe g%? s&M tb'eﬁ&eeh lt'lgeestﬁ*'tg Of ih outlet tube
closed. Referring to in one I nplenentation,

830’ andbe elpsedersl Q,fathe e@bmmembtee&S(hss la:tweaneameo)d‘imawy 0.4*D to

T A 0

840 isadit feastries®D.i In tﬁb fikefeemie deffpdtRABAAbdr@56° is KRWAY 84 a sd1fdl tube.
such an_jnplementatjon, the vanes 825" are included in

Howevep ét Harid Q?fun@ﬁlémﬁéwq{@cg%n@mbéraﬁo Sithbg bellompor e a
1 th
e
Aproxi mal portion 8UEdeMpknenmmohnne 800" includes an
nl et 820" through which a nixture o asse I d
and/ oS8P P BEER el hieTHOARh Hgmero 0 sraler Sychociube
130 ca® @l@de dxlyuceisin Ak st 1bU l?ﬁls%(g)venﬁeln?@ad e Jshg t@ﬁcﬁfﬁtéﬁé length

rtion 802', which can have a circular cross se
of the ctien memkeral SOt within éhemmsmggths 19igth gitbe putlettuter 1 30fwithin the

h ut l.e upe .83 s f t.ed..tg the
nousin kSl RGP et B g D S il pn s o
tail tlbeec}ﬁttb,sd Rtitd @l thy cydler IfOOQ ﬁ@iﬂid lidhtforS PO L 2% Elé’tlﬂ A
e eX|trthe housf% 810 dlﬁﬁgl por?lgn é ékegq)

160 ba%ﬂﬁ‘éméb% pighdisggwtion ﬁéth@@é@tammaémmlahes)bu nker 840’ The
bunker | 50'
bunket it R e P R SRR

Nevertbalemseit veld bt anddigtoodthat varfous inddicaionsinag b8 ifdde without

d .ﬁahxi | at.es are separated fromthe gas streamin the

epartipg, QP’ntée 8Ri ang seape phihe irvention af ecardinglyeotherirmlengentations are

within ypﬁlsk@petg}qhé;gp (@q% tidddsy contam nate-free gas exits
hrough the outlet tube 830". In soneinplenentations
of the cyclone 800", the bunker 840" can be fluidly
connected to additional equi pnent which can further
process the particulates (e.g., collecting and
preparing the
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particul ates for re-use). The inlet gas streamenters
the inlet 820" and swirls about the exterior surface
w@boobhewout | et tube 830" and then about the dePCBCARWS001059
menber 850", such that particles are collected and
stored in the bunker 840'. The distal end of the
CLAIMSusi ng 810' is closed, and the gas streamtherefore
travels back in the sane direction fromwhich it
n hoysi ng 810' and exits fromthe outl et
L ?\u%}gﬁﬁgﬁwﬁ?g@ggap 860" between the start of the
aulyliedridalbeus8¥Naviarpchntineercliaseer Bnd of the defl ection

menher 850'. i s be n approximtely 0.4*D to 0.8*D in
Ia%ﬂf&?ttﬂea%@fséeﬁ?éﬁgﬁguﬁlﬁger di aneter of the housing
%Jdghﬁctyﬂﬁnérﬁwwsiﬂgnémitﬁﬂﬁhﬁ @u&%‘é?ftiallg c&dxid1 86 fle first¥nBof the
I'n the figure, the deflection nenber 850" is shown as

housingt agdl i d t ube. However, it shoul d be understood the
defl ection nenber 850" can be.holl ow or hav .
P B O RS AR ot rars HRordriid eh e hguping, he
outlet tO8 duBktahtiIB B3Rial iothé k@SR enddN@BE hbidhgMENt at i ons I n
some i npl enentations, the deflection nenber 150 and/ or
tahanpier nkefoemedbetvgen dicioydetinbasnd anjnper wall pfethe housing

| ' ; .adj ust the
s o 55 T TR il A oo
Retesding gap betwleem gichdefibctidnemenibéreind thibeutlbBibeihtdia fengthein the
housi ng and therefore the hunker |engt nd/ or the .
range o apPregnatalyj $45d m@@%&ﬁﬂde‘awr% a oighe Bl iy rproximately

terG e4istisxp of the cyclone 100 to specific
greaeragag{(?rc ?ons (e.g., adjusting the gap 160 based on the

size distribution of the contam nate particles). A

2. ruwisgeloos of eipine hewhereindigsindst comprisasadangeonalinlgbtoghe first end

fth des%ri bed. Nevertheless, it wll be understood that

° el%?éi‘lsli §us nodifications may be nade without departing
fromthe spirit and scope of the invention.

3. Ateeidiongbclami hewhdraipltenenrildicidoasnatrirclwdd drieortrhere vanes near
scope_of the following clainms. CLAIMS: 1. A cyclone

the first gifoef the RYUSIBE- cyl i ndri cal housi ng having an i nner
dianeter D; an inlet near a first end of the housing;

4. arHiehtBAL bPNaike 'F:O@l_ierlgigstﬁé ERIGR WithdH Bniphdes:

substantially coaxial to the first end of the housing;
arduahtyoftvases inclodepivghe fismend of thhibpusmg! ext endi ng
froma second end of the housing, the

5. The cyclone of claim 1, wherein the inlet is configured to receive a gas including
sulphur droplets, the cyclone further comprising:

a steam jacket positioned about an exterior of the housing and configured to maintain
a temperature within the cyclone such that the sulphur droplets are maintained in a liquid

state.

6. The cyclone of claim 1, wherein a length of the deflection member is in the range of

approximately 0.15*D to 1.0*D.
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outl et tube substantially coaxial to the second end of
t he housi ng; an annul ar bunker fornmed between the
wo@uiwet492ube and an inner wall of the housi ng BETCA2008/001059
configured to collect particles separated from an
inlet gas stream wherein a gap between the deflection
7. berbeelormef déim bothessin aulsest leae obeithen grerfeflactianamnembgyeor the

outr i SABNGERREI T B SR PO 8 RAER

to 1.5*D. 2. The cyclone of claim1l, wherein the inlet
8. ahepytlessofcliianpeviereh thendutlet tube israotdblsviteindhohoushe such

housing. 3. The cgclqae of claim2, wherein the
that thedgngth ek thgduakeds aiHRRIBe one or nore vanes near the

first end of the housing. 4. The cyclone of claiml1,

9. Wanshd? gtPR1ANasPA8mS sinififingsonpri ses: a plurality of
vanes included in the first end of the housing. 5. The
@yulpbnegrehuletien progessoiroupied to Agy¢lpne wherein Gn¢ Befuaxbausted
receive a gas. includin | phur _droplets, the cyclone

from thﬁyrr?qg:gsroréso%ﬁ?y%cﬁﬁtgap I%Ieg?%g?ne cg% Sat posi tioned a)k;out an
eixd glclode, @mprivéndiousi ng and configured to maintain a
tenperature within the cyclone such that the sul phur
dr opl éteylindricahhoying having an ignerdiamefesbat e. 6. The

cyclo i Wl -l.ength of the deflection
rrerrber%ei lsieit?}ll:%rhag@irr}ta%nge ctﬁé lgbﬁ%‘rdéku mately 0.15*D to

1. 0* D.adeflEtt@®nayehbereositionédwithib, andisebstamially comaaltto dredirst
&% ei t.her the deflection nmenber or the outlet tube is
end of fh5\hoBsiBEA"dhi n t he housing such that the |ength of the

gap i $indtikShiePp&sitiched Wit ¥ikd Séddlg Fddiaedond¥n@roTiie
the outlet tube is novable within the housing such
housing,ithe¢ outhet tubsrsgbstansially lseaxhelrik de segongindsifdy kousme; A

sul phur granul ati op s e cqnpr i.si.ng. .a, sul phur

granu Iagtagﬂﬁaﬁ’lg%gg go(Wl%‘i %ﬁtﬁesla H}eoouél e%ct)l/lg? gLan l\fv’ﬁ%rrvé'?l}}()f the
housing i€ caFEueedna s et phitiolds kERrNEPFEHSMIinles gisatiehmed at

an inlet of the cyclone; the cyclone, conprisin

cyl i navhesein aigendrivepen Hha degleatipn mpmberding et @lfﬂqb,tu%ieﬁlgs a length
in the ﬂaﬁ‘éeeéf a%SfainlﬂatfeM 8l+BNd o%D i Vtz]ﬁ)éféi'rerQéngth of the bunker is

approximately greater than or equal to 1.5*D;
a fan positioned downstream of and in fluid communication with the outlet tube such

that the flue gas is drawn through the cyclone.

10.  The system of claim 9, wherein an outlet gas exiting from the outlet tube includes less

than 50 milligrams of emissions per kilogram of wet air.

11. The system of claim 9, further comprising:
a steam jacket positioned about an exterior of the housing and configured to maintain
a temperature within the cyclone such that sulphur droplets separated from the flue gas are

maintained in a liquid state.
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a deflection nmenber positioned within and
substantially coaxial to the first end of the housing;
wa@paoamout | et tube positioned within and ext endi/0g2008/001059
froma second end of the housing, the outlet tube
substantially coaxial to the second end of the
12.  hbbssystgm afpla’nnﬁlfaﬂh@lmk@risiﬂlgrned bet ween t he outI et

t ube .and an f the ho S|n nf i

e Pttt and B Gl Sointu el B RS p R Rerein
outlet §hy &g thBSLE B id @Bnt'@@td/\ﬁﬁfbsﬁﬁé@e thedlghaht sacirenmber

and the outlet tube has a l ength in the range of

aﬁggOX|natel 0.4*D to 8*D and wherein a | engt

HistReef ¢ §lnh?>d¥1éf>€?lﬁ1§1?eeh’%ﬂk§? wgluded imhe oy oreeqlaallud%a bunker
i

outiet b ol el S LB o RRCCOICAMESH HEBIMET PBieplincd Hbf o cyclone
throughabe bunkar awitet tdtredogtecydimgdpack one thelsiiphihgrasylatienpmwkessor.

clain19 wherein an outlet gas exiting fromthe outl et
14 kncludes less than 50 mlligrams of em ssions per
: k I%@ DA COPPIRIREai r. 11. The systemof claim 9,

f WEYINRIcEIREING hAding An SARATahnREHEY;, positioned about an
exterior of the hou5|ng and configured to maintain a

t anpdat aeyractingt end of thyBousig one such that sul phur _
P RSP R 6 A, G b

and conprising: a stack domnstrean1of and in fluid

communi cation wWth the oytlet tube, wherein outlet gas
e %1 Y5 tibseositioned thhwean?i@%ﬁmg dropy they i H@? the housing, the

outlet § e%HQ!! ﬂtﬁﬁ %ﬁgl to R hollifagsystem of clai m 9 wher ei n
the bu

ed in the cyclone i ncl udes a bunker
oert hretulztrdvbekarfdnnwdéweewmrﬂ thejdeflecsioh ptmnbec ahd acingdr wall of the
t he bun r.ans ted fro one through the
housitg RGNS EPLFo IR RgHe PR P Em BN s SRSl phur
gﬁvﬂeﬂéirﬁi L& oddW O&GEHS dEflectidn nfenthes b@@&e%ﬂ@tr tuBé R&hia IBngth in the
lindrical housing having an inner dianeter D; an
range p ppproxis@tely 045 to GHD end wherchousnaidy; ofshefanketisiapproximately
FEHF k4 d within and coaxial to a second end
greate ou5|%g?5and an outlet tube positioned within
and extendlng fromthe first end of the housing, the

15.  The cyclone of claim 14, wherein the inlet comprises a tangential inlet to the first end
of the housing.
16. The cyclone of claim 15, wherein the cyclone does not include one or more vanes

near the first end of the housing.

17. The cyclone of claim 14, wherein the cyclone further comprises:

a plurality of vanes included in the inlet at the first end of the housing.

18. The cyclone of claim 14, wherein the inlet is configured to receive a gas including
sulphur droplets, the cyclone further comprising:

a steam jacket positioned about an exterior of the housing and configured to maintain
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outl et tube substantially coaxial to the housing; an
annul ar bunker fornmed between the deflection nenber
warpadamoenner wall of the housing and confi gurBdr/Ca2008/001059
collect particles separated froman inlet gas stream
wherein a gap between the deflection nmenber and the .
a tempayaturewithinhe fdone suelntahthiesuiphur drapiges ase mapydasd wea iquyd
0.4*D to 0.8*D and wherein a |l ength of the bunker is
approximately greater than or equal to 1.5*D. 15. The
cycl one of claim 14, wherein the inlet conprises a
19. (TRE§Ebh@bS dlnihet 4, twherdir aflénmgsit ofthe deflectibe niember rgin thrange of
The cycl one of cIa|n115 wherei n the cycl one does not
appfoxl%ﬂbfd)el%‘@etoolr Hre vanes near the first end of the
housing. 17. The cyclone of claim 14, wherein the
20.  otele 331%3@ of ElQl?ﬁ 14,QMR4:4iR @Blead ok YT Gittiek YneQfefléatiiSmember or the
i ncl inthe inlet at the first end of the housing.
outlet thiBe is Thevablecwitine thef haismigrsndthatwhe desigeh efhe igap istadjustable.
configured to receive a gas including sul phur
droplets, the cyclone further conprising: a steam
j acket positioned about an exterior of the housing and
configured to maintaina tenperature within the cyclone
such that the sul phur droplets are maintained in a
liquid state. 19. The cyclone of claim 14, wherein a
| ength of the deflection nenber is in the range of
approximately 0.1 5*Dto 1.0*D. 20. The cycl one of
claim 14, wherein at |east one of either the
defl ection nmenber or the outlet tube is novable within
t he housing such that the length of the gap is
adj ust abl e.

state.
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