re3eD": T6Tet YWD 011 69131 CHAMBER CLEANI NG MECHANI SM 1. Background of the

I nvention The invention rel ates hod and apparatus for cl §afiSEP 2002
chanmber. 5 0 5 SEP 2002 PCT/WN“W@@E@W!@G”] cal vapor deposition (CVD)
processes, such as organomnet vapor deposition (OMCVD or
MOCVD) pr ocgsy d,,qre comonl y '*€MA2byed in the sem conduchay sﬁ’?&ﬂﬁf") and
opt oel ectronl c I'ndustries for doping or coating a substrate. @er arn

chem cal vapor deposition processes, particularly those associated with

| arge scal e fabrication of epitaxial sem conductor devices, produce highly
toxic effluent gases, such as dichlorosilane, to trichlorosilane,
phosphi ne) arsine, and hydr | ixes which

generated in the fabricati o‘gﬁ?‘wg &%@ﬁﬁtﬂgdﬁggkﬁus ef fl Jmmm“mﬁmwm““
frequently contain particulate or particle-form ng conponents, e.J.«eb i CQ
particles, which nust be renoved before the gases can be further processed,
diluted and/or neutralized) prior to ultimte discharge into the anbi ent
envi ronnment . | 5 Par. ul at e- caontai ni ng gaseous effluent is typically

i ntroduced i nto a é@fﬁ%‘bﬁ“ﬂg °§E‘§r@3?"tf‘ﬂ'r ough an inlet. The particul ate
matter is sticky in character and tends to adhere to the inner surface of

the chanber. Ve inyendion eglatesitommetherhind eppatagas forstpaningmehambers ( RCCMs) have been
devised to prevent, or at |east slow down, the buildup of particulate

mat t Ier blon tslhe chemRhl wpbl agRata (CvD) s}ﬁ&ebﬂa&l BEEhCdR Ens.mam@ cﬂ%mfdwasas}t ly
avail a e Cl ean 'S a 1S CO e 0. S a
o ol b, bedrsifien (IACYD MBeYE Beckist ate conmang prilovedm B semirendsier.

pur poses of q wptal) nml@ptohlecdaﬁib ingastriel fobdopiig@r (ratidgar sibsirate. Cendh Hem&aY wapdri ng
function. f r LS. | ray can
cause Gorr OSI 3 osmg\& gr '1%9 S pp%mfﬁlgrﬁ:)hth&% agslgggtgcgwllt§ la%%astcals Fa%?mgn of V\:hi ch
provi des an efséreiceridyetors devidshi produde dighli trrioneflinentt sasksp swelli asgdidorasitage, spray
i nside the,r ea.mo%nmaﬁﬁasah.ﬂ‘eoarm&omdl IQGmé ?n%gmm&l ‘ch,am»dbéehe

Wi

contusi on and buil dup probl ens associ ate h presently avail abl e cl eaning

chanbers. 25 se@wdsmﬂwzfabwm roactos otihgse Mﬂm A Gnspts arerfregnently GAMBIAI y use
b: ade asseﬂblrrgﬁc‘nae sppaime mi&.g %ih]ibh&)tmfgl, Gihcsz ﬁﬁ(ﬁléshﬁhﬂlcﬁlhﬁﬁtllﬁrrerg?%ﬁac es of
cl eani ng cha asse es.of current avaij e

o ton | ack SuPFPE Bhaset St AP RoErh Bhoh S Tridlerd sRpoi Bt he.
reacti on charnidsechaygslinto theambieitleadenmegenbl i es commonly becone bent and/ or
tw sted and thereafter permt buildup to formon 5 the walls of the

{ﬁaet i gnf Clba”bﬂf)euli[m&lmﬁg Qas&ﬂx@‘gfﬂugnttlb@pﬁﬁlty in@5duddl thm Qxls'rﬁ%e? nESRCCMs
ese deficiencie a i es. rren avai | abl e

empl oy a pushg}'ﬂlﬁlsl %W?‘éﬁé‘%&ﬁ&ﬂicg’fﬁ“t”h Arpcly apdte ‘B‘X?iﬂ TR
about t he i nnevrfascofitiechamber.tVasos rectivn thpmbearidaning m?ﬂmmﬂnsﬁmmva&mnbl i es
el cani ng. chanfisied 8 byt 58 b leid Dol bofdn, RYSIEE PRrlBial Sl b B’ iBler "7, )
rod assenbl i esmfamswf!hewmgtqh@nm urn spring becones fatigued and fails to

bend the push rod enough to engage it with the RCCM gear. The alignnent key

i E thg RCGY haiiresilyfavilable@Rehingodhamberd, 8 spriijetis EontinohhSapRly¥d loGphapinsiie .,
t her eby

the bottom of the reaction chamber. This spray serves the dual purposes of quenching the hot
gas flow and performing a water scrubbing function. A major drawback of such scrubbers is
that the water spray can cause corrosion and buildup. There is 2 need in the art for an RCCM
which provides an effective scrubbing mechanism without depending on water spray inside
25  the reaction chamber for cooling. Such an RCCM would avoid the corrosion and buildup

problems associated with presently available cleaning chambers.



forcirng the push rod to work at an angle that causes failure of the pivot
pin. The alignnent key and push rod assenbly engagenment surfaces 4§ SEPe(?
damaged. The tip of the push rod is assenbly defornms permanently due to
conpressive stresses. The fasteners that attach the bl ade assenbly to the
drive mechagsgy@isHen corrode and fail depending on exposupgriRofzfisPsi ve
gases. The bearl ngs cold flow and | oosen up over tine, allowng water to

| eak into the housing. The RCCMs have no nmeans of adjusting for

manuf acturing tol erance build up. Cccasionally, the Teflon bearings are too
tight, preventing the RCCM gear fromturning. 20 There is no indicator to
nmohi t or the fuRCEMocommpnlyfusd Hlale RShliesTth sarape patidulaterradttor feonathem@don sarfadee ar t
for an RCCM ap PR, %@Schxmt&e?sh 2REGT Bhade a@ge;ribﬁgs H]J%%ﬁ IVL abfézbhwrl}r% o'ﬁex? ac kSlme‘r y

of the Invention resen |nvent|on provi ges reactton er cl eani ng
appar atus co muﬂ'mentgt@g@ htam&lroualsﬂ’edmmw ey oa the mm ichambet wallo$yshblilng an

interior surf a&&mbﬁesbﬁbﬁﬁﬁnl?@@&ﬁ@%ﬁ af TR ik ed mtﬁeraan@.t ehﬁmm% SN ar
nount i ng nenber and & | east three scraping (fes att ached

peri pheral Iy aboutllso @céﬁ?ﬁtﬂ“af?’“ﬂ%nﬁeffgsﬁé‘??ﬁéﬂh%ﬁaf%ﬁ? BRYBAHRrpvarcpmes| | el

rel ationship tigesddéfRiR@éiésunlprictlantdladSassdmblie chanber; and a reci procal
novenent unit for rotating said scrapi ng bl ades) ci rcunferentially back and

forth along t er| dca er,.to_s e.dinterior
surface of gsar@"cfﬁélr%@gglev\#g elcﬁ'p cﬁusr s A RS "ﬁ%ﬁaenﬁgﬁf’ rogar!ﬁt? CRlaf%r i ses
a2 0 5 SEP {2amBlyWouOhé msaswrfa@(mms@m@&namr dbesppwb allagsemblithare ofienvot al | y
connected to I

Aot r%ﬁ:;bﬁﬂge'rsxg{%grfg g}?c?\:; ::)Vﬁf?t?tps I‘\ﬂ:@ hg?%:?ﬂé&l% x{é%mcrﬁ argiuyoh?é y

connected at a peri resent

i nvention sdnvr»@waelé@coac%ﬁhetéuchmhtmwmi@u fﬁbbecqqss tharempspm@ gsomes

conpr i lS: ng a tfsw:pguwaxfdams toabeh@meﬁﬁmmgfea&@t haadngag@arw.gadhe md @&rd'lhkd% a
generally con| el achne. 0 a nal n ownwa rom
She top ot ate Sigmediiey in By ROGHHowTEAE ah caeSROmRR tog A5l HAe:

surface and a foreing the push peine worktahatanglsthgemsesdiluge tﬁmcgwe(bmmmahginnemb@t ral

007170, T 5h IR i) e B e SR 4 S L

outer shell to L |nto t'her eby
forming a ISamammNS Hefe-mmmtammlndl@rtp qompressivie stresses; The, fagtensss %@m@wewa@hm | ;

(iv) a baffle ehsshcae a.@vetnt;&hAnQWneﬁwnfoa&ﬁmn Jebsmtngmn eip%hﬁe RReréNeendi ng
generally ~o verticall dommglp dl t]her efrom ?ffl e conprises
an i nner surf &% 1§ b&%ﬂ“&? cof) c%d WSFHPt VA @'&@ea °‘é{ﬁ‘§ "ﬁ“eéé‘h epl int fni ng
general | y conaeting Thd RECHs ihgvecb meadni of digustigfor alamdiuaring golerhnck baildup.er

shell; (v) a ncent.t i e he baffl e,
the inner sur 1&%835'03#'{% e oumgggagﬁégﬁqgghgx tqt%a%%&?t@{nkgﬁf‘é%% eﬁ‘gén{ "hae ‘top
pl at e; and20(vﬂ)hcfa'&!@nmqfim@m'ehﬁhh@nﬂvﬂmef‘b&‘%@n t he bottom edge of the
baffl e and the inner surface of the 15 outer shell. The reaction chamnber
cl eani ng apparmtrdss Béefoic iEneé® i B al fr bn RCEMSappiratit Which Bldirétfids bINbOthaseUNi t ary
assenbly as a s&.ntgtle article of manufacture. In one aspect, the baffle of
the vortex uni%mf *Srranged to provide a flow restriction so that during
operation of the self-cleaning chanber nmechani sm the concentric chanber is
20 conpl et el y 2 i |Smaumaiytof the fyiedtiomhe water vortex unit nmay al so conprise a
fl ange that accommodates attachnent of the reaction chanber cleaning
apparat us. | n 1R@pgreaiifvdntion prEvildsQehctbnicBinier é18aning apparinth coMpriigld MBmidrt h a
source of water. |n an aﬁi ect,. the reaction chanber cleanin ggparat us
of claim a¥so® %Pﬂﬂ'%ég‘"&?‘&i g‘lﬂ?ﬁ"‘%f“s’i"ﬁ'i"gsﬁ’&‘ffr‘ ladg opparahs SOPRISBADt 0 pass
dry air throughichdt @ne amitiine rmduating mealencdad (ii)Sat resbihieg scraping blades attached
peripherally about the annular mounting member and arranged in a parallel relationship to a
longitudinal axis of the chamber; and a reciprocal movement unit for rotating said scraping
blade(s) circumferentially back and forth along the interior surface of said chamber to scrape

30 the interior surface of said chamber, wherein such reciprocable movement unit comprises a



25 tower. The reaction chanber cleaning apparatus nmay be incorporated into
an effluent abatenent system by positioning the apparatus in do ? 02
fluid fl ow comruni cation with an effluent source such as a chem ca vapo%ﬂ

depositi on apparatus or a sem conduct or manufacturing apparat us. 05 s~

zDD2 WO OI/ /USA /08152 I n one aspect of the prese n, the
ﬁ%]‘ﬁeac? P&T}gggnz%bzo

bl ades of t or chanber cleaning apparatus are doubl

Moreover, the bl ades preferably have a width and the reciprocating nemnber
has a range of novenent) which width and range of novenent are selected to
provi de each blade with a rotational path which overlaps with the
rotational patrecigtbcable ficiber plvbialtieconnidored fo ab leatelion aicmbey il eieakibision msmbap o Ut

0.65 to about..0..75 i nches abo 4 70 inches w de, and
the rotation r%ﬁ'&%‘a"ysmﬁ'}ff) 4\%@@%" mgragpflé‘t"ﬂ'éotghbp%gtappaf & reci procabl e menber
of the reactor chanber cleaning apparatus is a piston of an air cylinder,
The air cyl i ndéhe presenpinesntioredisopraviges pysetex viitdamprisingc (Ueatpsplate comprisdgeaden ng
whether the Cyd &l bolism SHfabd %%QLAteéx @ﬁéﬁﬁ&%ﬂﬂg ﬂﬁgﬁn&at‘)ﬁ@ﬁ&uﬁ\%a}m’;@nsure

that the 10 apparatus IS properly cleanin For exa

nmechani sm rfay ‘e ansxieadingslepmpyardyfom theipp E}ﬁF FOQPBFW‘“MW'PW@HS%WWSES reed

swi tches. The aﬁ'ﬂﬁﬁasﬂif&mdqrceﬁd%ﬂé;ﬁﬁh 16t iV\RBENBTalifa8 watl the BEH@hI dpénisddffeCi ent |y
extending and retract] ngfl i refera ly conflaﬁr ed to ﬁbow de an out put,
igpid

such as an el &oR PR (D) & et prraieed, 1 reiatiogito g ebigeshell fptangeptially dptroduce
sufficiently aihidmds mgomﬁdndnrthereﬁyrfm:hg*rgaﬂh& shdeeaftfluidininGhedhgnairfacibof thee

transmtted tO uer sS%PlP iv baﬂ‘le anIc%c% o the n e?g?'fsaget(}?g}e nd/la(?e m?axgédﬁng%nemlﬁn

alarm such asVan audr ot @ artarm I ca
suf fici entioy e'mmeaibhdqgnmé!y@nrqfremr movhichgthe tRfBe mnweqqtan mweemfmnaramw

provi des a_Iet e,k QnoPlipd ald WooRAPaeRhY Benfiki] BRochURD LGB b 1BbALYNG_an

effluent. The net hod eneral |y conprises e l'ow ng liquid into

the inlet so 28NS °ﬁhF putershell (Fhasopteptri CIBH‘QW@@F“"%P‘IWQ 9“&0f“ﬂfa‘§ﬁ§‘bf* §#tfiea
| ami nar sheet tf inhdr Guiifade N thievRitel BKRE) antioths Bstiont Qurfale e @pt Rite; Ind (Vi) and

slowi ng effluent into the chanber for. abat her, .aspect s f ures
and enbodi mentIoERrG opEnipg foms %l ‘H%‘F‘i""%%mﬁg%‘é’?{"ﬁr’ﬁ}“ é’SS&r“Eﬁ{ ?E}ﬁ
ensui ng discl osershelaind appended clains. 3. Brief Description of the
drawi ngs Figure 1 shows an expl oded view of an enbodi ment of the

RCCM vort ex Ofryt hiactioh @Rditler cﬁéning‘éﬁﬁn}dnﬂrbnd e GUA& whitSRONRabRNEAbEIRE it W of an
enbodi nent of the vortex of ent invention. Figure 3 shows an

enmbodi nent of “P'Ff'é”ﬁﬁ"l?%’t”ﬂé’&ﬂeﬂﬁ'c'ﬁﬂ pagfact¥ present invention. 4 0 5 SEP

2002 WO 01/69131
In one aspect, the baffle of the vortex unit is arranged to provide a flow restriction so that

during operation of the self-cleaning chamber mechanism, the concentric chamber is
20 completely filled with liquid. The water vortex unit may also comprise a flange that
accommaodates attachment of the reaction chamber cleaning apparatus.

In one aspect, the liquid inlet is in fluid connection with a source of water.

In another aspect, the reaction chamber cleaning apparatus of claim also comprises an exhaust
moisture control system arranged 1o pass dry air through the chamber to a secondary scrubbing

25 tower.

The reaction chamber cleaning apparatus may be incorporated into an effluent abatement
system by positioning the apparatus in downstream fluid flow communication with an effluent
source such as a chemical vapor deposition apparatus or a semiconductor manufacturing

apparatus.



PCT/ USO / 08152 104 of the top plate 10l. The top edge 108 of the @ut er
shell 105 is attached to and extends dowwardly fromthe top plat o EP

di aneter of the central opening 110 of the outer shell 105 narrows as the
di st ance fromthe top plate 101 increases, thus providing the outer shell
105 with a gqﬂ(ﬁ Jf€ shape. The outer sheII 105 may be att e top
plate may b y any 5 neans known in the art) including fo?EE@gO}@IB?

wel di ng, screws, bolts or other mechanical fasteners, conpression and/or
other means of fixation. Alter natively, the top plate and the outer shell
may be nolded as a unitary article. The outer shell 105 conprises a liquid
intet 111. Thenlohaasb&t oMheresdnt Inveertion) theblgzsl of the sesdt@ichaiibei Elednlhg appdratis shel |
105 such that asl upd, is intr tlall 0 the outer shell 105
a | ami nar sheeafe‘g’f' “a‘*f" ve'tedbvﬂ§5pm%?o¥ e 8t "y’ﬁﬂ‘gh“’ﬁ?‘f&"“gﬁ’ﬁf’é ®107 of
t he out er sheltas dfa6ge oTlmavémeunilch mlidth artirarige bEmovementaredielecerhte pravide eact h a
fLuid source (g wilQ4Bhond/ 1B éheweﬁgsunwtﬂ bR B of BASinb AR EnS Neel
of water C|rcles aroun ete covers t ner sur ace 0

out er shel Is. mememfemb‘vffem ab‘mtﬁ’ﬁiwbwtﬁ(?S whﬁéwl(!#e@mapt?&ﬁblbeabm@&tached
to the top pl E}L&esl%e%&dm&m@neﬁaﬁmgmu%ﬂer ally vertically downwardly
therefrom The baffle has an inner surface | 13, an outer surface
114, a top edge bottom e e 6 and a cen penin 7. The
baffle 112 isq&ta‘f%'?,‘ﬁéﬂ“éd%'ef‘ﬂ‘gf "i‘&ﬁ?t?‘ *ff%@ﬁ?*ﬁ&eﬁ‘?aw e%%rsw
concentri cal | ypiskdni freachirvdytifdet. [The aercymaier isppemralgy ¢dqufipped withe methedissalfed | 105
and the central enj 1 The baffle 1 Jmay be
attached to the'%ap?)gw e%[enq) Gﬁ mdér{ts}sles cqrqﬁy %&&d%g a"d/or Q PREELRR s?%’ltﬁ%%hem ng 20
| 04 of the toeppapitutieprypetlp tleaningshreabamber.dior sxa@nb,vme mthmagn may copprieoensr , t he
central openi Q)g%og aﬂp n&tap pQJl@Jﬂ@d Jngéneﬁaq’,ea g\ﬁltéﬂ@J ffh@nlui%mgfﬁ)i'opﬁndlcatmg

coext ensi ve, essentlahﬁ a single central opening through the top
pl ate 101 and “hedenthe FY'E‘d“AS é‘éfﬁ&'@'ﬁ'@' r‘i"f?“@%ﬁ'ﬁ’e‘i‘"?“‘&% 15 Rrefg@bly epfigyed We out er

surface 114 ofprdvtue dnaduitgu shdl? as b @lebtroniRr signdl, fimti@tive) f eﬁetﬁdaeh@uylefdexshel | 105
and the bottomgurface 103 o e to late 101. Th S caQ chanber
has a concent F?@c'ﬁrﬁlaﬁf'ﬂﬁ’mlgai o v&é’é‘ﬁmgﬁla ff’%‘%e%g‘% ébgzg‘frfle 112
and the i nmer figthef pro@ssingand/br shdyariggat aralameduth 405 audifiealioaf tb inglickt2hat the
arranged to pr Shibddadol 28 L&hpgnsures that the concentric
chamber | 18 |§s?'y"sdg'§§?°§fﬁ‘%'?gy“"§ or dcg:'?a o e ting ' o i th 1 qui d. Thi o
arrangenent prevents corrosive ases fromentering the concentric chanber

118, prevent s T8pPEsant iyentionpsoproddes ¢ method don ysioe thyappatatisy ofptheipventing for, 6
0 5 SEP 2002 ezt ad ¢Mﬂmdmdﬂ@iie&ﬂl&5&nﬁhes thiesteps ofiflonvirgliquid iidto fh@(ihlet

preferably co e]g,i,g Q‘E £s for
the RCCM 4. ZW%mt %S%re ﬁmﬁaﬁﬁgxg}m% thée\%lv%(f)?&@cﬂén vort ex
appar at us 26f siréacpefdheomer shell and fieyring dflyontiptedherharaber fox patrmentt- vi ew of t he
RCCM unit 200. The RCCM unit 200 is enclosed in the RCCM housing 300 (shown
in Figure 1 ) OtheRsp&d{sRebtined dnd EibaaineRe 5f the ibdhtlen vill SEnible Yullg GpparehtiRor ina de
assenbly 201 co rls as 1 or _nor referably 2 to 6) nore preferably 3, 4
or 5, and nosf"Pré F"y"‘ﬂ ‘g"ggﬁﬁZ attached by wel ding or other
attachnment neans knovvn inthe art to at |east an upper ring 203 and a | ower
ring 204. t o3Th8risl Bessip@idn of the Prasfingaabl y doubl e- edged bl ades. The
apparatus of the present invention

Figure 1 shows an exploded view of an embodiment of the RCCM/vortex of the present

25 invention.

Figure 2 shows enlarged view of an embodiment of the vortex of the present invention.

Figure 3 shows an embodiment of the thrust bearing unit of the present invention.



provi-des greater bl ade assenbly strength. The failure node of currﬁ Ig/E
avai |l abl e bl ade assenblies is caused by insufficient torsional str %t P 2002
Torsional strength is increased in the blade assenbly of the present
invention by increasing the number of blades. The blade assenbly 201 is
suitably ar {© pivot on a bushing 205, which is attaghqd; ,the

wat er vorteﬁm%ﬂloo The bl ade assenbly 201 is preferably dessfog/rq to
press fit into the water vortex unit and is suitably held in place by a
spring | oaded thrust bearing unit 206. The liquid flow ng through the

liquid vortex 100 cools the bushing 205 without allow ng water to enter the
RCCM housi ng 3001 of shecopnplate 1 (Hi Ghertep édg) 108Tdf¢hesyoter sigl |l 05 etachérrtoaid Heards ng
acconmodat es nuf a [ ] unit

206 pref erabl gg yl{{o “ﬁ? bl Wﬁ%@éjﬁ?e %DW%%"%? ta{)lsoot(gﬂ{g%g{ E%gl[l

about 0.05 i ncmésmrrmw ﬂprcbﬁtaamimnythabmuﬂatﬁ)l(Dznqr@sabbustpr@ld)ﬁg the\otersshelhnd

most pref er abl VOSW‘J%oneq;ﬁc& &hﬁﬁou&%hélpfb@%%bé%c&@lo%ﬁ&%ﬁ tpML)th:lHlQn nd Je
prevent process gas fromenteri nd? ousin ef erri nﬁ

Fi gure 3, the meangkrowsdntheag, inglydingforrxampipyedding, acrfvm brlts opetherimprg ml and a

25 top plate 2Q@enedDNeoniphdssiond axh@%ﬂh&gm%ﬂs?oﬂﬂxdﬁ&] ARerflatively CtHé @ pBi®Maane09 cut
into the top plate 208. The t gg al so suitably conprises pins 210

that nmate w t hoWf5e "?Yfem'df‘ﬁgat"ﬁ?ﬁ%?m aring 207 to prevent it from
rotating. The holes 211 in the thrust bearing 207 are constructed and
arranged to reTieiouter thakd 19 compik®a biquid inket 1d pThl liguid idlerd.1 1 Bheanged instelabierar i ng
207 is const rat'o%%u%epslleil hEPducl'® t'a?fi‘q;:tl&}ls g'{trgéﬁg% taﬁ%ggall?@né&%'o@tgﬁsegﬂl EOSt zhat are

arranged in a pushing relations S?5a
P ~ 2002 b& welemm?'tféeqt effluid m@hm isfaaned ioa thefipngsgurfpeed 07 ptthooterstelk Wsce t he

thrust beari ngrfe® ?ﬁfl thtet § NSs inINidTLHnkARE with a BRE s&u@d@?ﬁot EHoW8). ZRpretbrrdd TR RCCM
bl ade assenbly 20

2 he fhrust beari n contacgt . with the top
U f ace. 204A of W TR A oD irIF PR SRR SEER O rst e
Ref erri ng now 100 oFihguuster sbell.t he RCCM unit is prefer abI y contained in a
housi ng 300. The housing is preferably manufactured from al um num for ease

of manufact ur ewmtm& it 0B @isb Q&np,ﬁésaeba@ﬁe B RoGRE O e tcﬁorkqatp‘i'@f and
transfer. The housing al so preferably conprises an inlet port and a

outl et ports BW‘CP@DWE%M""PF?@Yf’?ﬁ'ml!d{‘q'?ﬁ?"bnqqaﬁ?dl%'&ﬁwﬂ%f‘?afﬂlé the
interior of thgoheusaime xmetopmemﬂh%nomrdge ABaEnd h&nwtqbeaﬁxgwm Thébaffle

t abl | d f t.
oxhanot ol ot (8 satihed 88 B et SEbnp D1 b ey secehnyly gabitie <1 o
in Figure 1. T:Iamrai qtenmdum ofohe aufer oM 103 ad thesentst spenimg 3 001 thegtop hlstediOil ve
conmponent s andng%gé ?a@&%ﬁ&ma&p&t@ 167 SY6 Vhe am&%su.g@em obbeHp

enteri ng t he rive mechani sm RCCM appar atus of the present

i nvention 2ui t'8h PS/“‘Q:W\"PS?@&”MF‘FQ}B Sll‘ﬂé‘E’H%lﬁ‘B verdheseptrabopenings of thep)
conpri sing aﬂ 16p ﬁlat@Mbl BstEihe Balfle § ROBayBeddERdR, es&hﬁlﬂrfbﬁ'ﬂlg@ﬁm&'lt&%ll
operates without .t cessi t gears, or push rod-assenbly.
This advance SPEPD %‘ﬁ'@ §?§§ %yqé”@t‘*'{%ﬁh eani ng nechani sns i s enabl ed by
directly linking the air actuator to the blade assenbly. Referring now to
Fi gure 4A, t heA eancentryd dhamibar 118)is bpundesd byfthe extgrypurdasp A of thef bafflenid 2.b¢ ingerat

| east 20 400 IRQgacefiof Qfﬁr@oWeIQxeﬂl@ﬁinQﬁe DA S BecOf03 &9 ik Sbp pi3R 8 0R! The
cylinder 401 is suitably equipped wth_ a nechanismfor i ndP cating whet her

the cylind®r (cgnesRiEe H3t dgoncestric gpeping 149 beiweea the battam edgg | t&ithe BaBifpr i ses

magneti ¢ reed 13PhidabemndtQuiface 107RE MR bt gelNs. t 0 Fi gure 6, the air cylinder
401 conprises a pi ston rod 403 connected to a cyli nder adapter 404. The

means of atta 2% bl e
nmeans is threa |ng rﬂa"'y'p‘“'l g?%\réidﬂ’% %%p ledr{}’i'/ %Ls %gp oﬁ%bﬁ—ﬂ The
cylinder adaptchamb$9414 is sphstantialltor yormz'etelz Hiéldd with éeqwétﬂm HGNgaMeERl OB g
pi vot pin 406. corI&?ve%fE&@‘i‘roﬁﬂ%eﬁﬁg thd Gonb el dhiber 11 1 prevert HlaSHing bhd ﬁ&st @ched to
the I ower ring 0 | ade” assenbly 20l via pivot pin 6. Unlike
currently Hvalma§t¥8§‘°mvg°tvﬁ"é‘“%par atus of the present invention avoids the
need for using 8-32 fasteners in the drive mechanism The pivot pin 406 at
the adapter 404 30 is preferably held in place with a snap ring 407. The
pi vot pin 406 at the bl ade assenbly 201 8 AMEN~~" 7 'r~T~

6



0 5 SEP 2002 r~tlu~U / Ups ~'E~'S ~ ~ ASR Z0) is held in place nﬁjg%ﬂ?
retainer plate for ease of disassenbly in the field. The air cyli 12002
is threaded into the RCCM housing 300 as shown in Figure 5 (in which the

top and thrust bushing are renoved for clarity). Figure 5 al so shows a

gui de pl at ey30dh,doigt is attached to the RCCM housing 300. E.e,[% Hib6s? pI ate
may be attached to the housing by any neans known in the art or exanp

the guide plate 304 is suitably attached by two nechanical fasteners 305
(see also Figures 1 and 6). The cylinder adapter 404 is preferably designed
to slide along the guide plate 304 when the air cylinder 401 extends

agai nst a hi ghrhesasr vofexaitdion prefgrably bampgissds d @pigat 20 v@ieh acommiodaesyRcbusking
relation to thze) ?Cgl‘\élmi ng 300 and the cylinder adapter 404 so that the
cyl i nder adapt’er 9 Slides along the guide plate 304 when the air
cylinder 401 extends agai nst a high load. Wen the air cylinder 401

retracts againgt geéddtudiead, the cylinder adapter 404 is designed to slide
al ong the outside diameter 217 of the tower ring 204 of the bl ade assenbly

201 . "The ai rrigyé i 1 aﬁt% aly (jﬂ&ﬁd view ofHhé RCEMMRieL Bypaiaiud lof thk Pebsdni HveRIGRESSi Ve

defl ection or b i he us not shown) in the air
cyl i nder 40 'Ec '@taégflgﬁp Tl é&'&i‘g@e‘é“\%gg (The gui de) 15 pl ate 304 and

bushi ng 205 are preferably designed to be renovabl e rather than integral
parts of ot herThe 82Yhenit200 sencléred intliedRC(4 housing P& iwvadn Kigerh 11HiThe REEM
materials if \tﬁﬁtontp%]g,&meaéasyeﬁxmﬁoﬁ @a&&usanmftmtc%pmrémawﬁl The

bl ade assenbly 2 rtex rotates clockw se and counter

cl ockwi se wi t I? 126, more pesfarabhs 3. 4rPr Arfrd mostPacferplin4 blsdes\202 attaghqdby)welding ore

pi ston 403 of diePar@ttimenyinkdhs Riowhdd the 2R ableadt &S upprkink203 RS BWalting 2doubl e
edged and cl ean H% b%g t he cI $<WLI agg geo ter cl oc se direction The
bl ade wi dt¥ arldePes PfctpéFﬁﬁ%b%% g&fesd Plagese °p"PB*\/"?tBS A FSE 1YY e

cl eani ng pass @savideo greatabipdecassamblyastipngili. cThe dailugespads of dukrentlyl avdibble2fladear e

pr ef erabl y fr %ssen?gl? Es cgt‘ls§§ q)(;'-,‘ lQlSlgﬁC t!oﬁ?o gti.,uXMfgxeT?{g%qbsr% L?srlggéaéedom Zh% i nches

wide) and the'r Ion ran I's a oVl overlap in
the cl eaning p&gsassemmmo%tmpresymlmm@ronévmt@e'mwdtlw@srqfﬁa@deq eani ng noti on;
the stroke is suitably about 6 inches in length. The air cylinder 401 is
l'inked to the Tt Bl& RSABRIT0Y isA0itablyl sraligel Rlpivoyor  Bishinf 2@ WhicBA aitB¥B0a pl an

view of the \Vortex w r retracted. posi.tion.

Fi gure 8B $ho “faﬁ’év ‘?’e ebb 5?53?'Xb§yﬂﬂ'st‘f{% lé?& ({tﬁ\?éeﬁwtd'ﬁm&? t he
cylinder 4Dl iwsteexdrienuninapd issuigablycheB@ phro g a sirog R@dm‘thm&tbm brit 296. Thee ai r
cylinder 401 i 9131
ST Uson/ os15e hé“”f"g Lyl ERGES v 1do Bl pbushle Do SR LA

appr oxi mat el yc’l‘!"?,‘hg Mﬂ%ﬁ%‘t fshesmo iy Figpre ) %W&"‘t“ﬁ‘?"o%%é’em to
full open) t o aédénmedaestmifabtimidgtbleinde®bildt . The timing circuit is set to
apply pressure to extend and retract the air cylinder 401 for a tinme which

is anple t9 I qﬁﬁglgg@! s
before changl ngn}cl#“s ﬂ?m%u%Q'i‘ Xasexa Hgm%'ﬁh%'?y%&??%w‘%m%
preferably seto aboutf)§ligches, mnrefewyebwe%eﬂ torabowapmeyhtsmérmmmefmhlyabout I
O seconds and gpdat o8 Glends i@ a@doﬁnﬂ&lt&&d&i béifdupfaRd to@)bé%'ﬁt pidtest B&ARMSentdrilg " EDY
providing anple tine for the RCCM bl ade assenbly 20l to cut t hr ough
obstructions HERG@M b ‘Hﬁﬁ‘gl H‘b directions. The duration of pressure to extend
and retract the air cylinder 401 can easily be altered to acconmopdate

di fferent fi eRefexingaidwit@oFigurdy, thodihlﬁweﬂglgmhiemﬁ avmprjses & thgest beapnpfi7and at 0 The

RCCM bl ad as f
count er - cl ock\?m%g:&ke?r?g -ntU&ﬁﬂvm se %ioggg%éﬁxg%ts&m %&%@%é‘g’;g tﬂrrtt%ﬁr]@atetg? ective
than current | Fheitopiplate?08 aigo suiably romprises pigs 310 hajimate Eé‘pb‘ﬂ?stzsll ishthe flsust eact i on

chanber. Fl ui ﬂeat.hgww predEh Gt folk@ng trwutney@nt,ﬁmemstbem;glzott}ecdmwam@ushl ng
205 about whi ch the bl ade assenbl ates. Air fromthe exhaust

noi st ure cont Al arragesd OFESRivE Fh"ﬁ’r“é?éﬂéﬁ'F &"Pﬁ'é%@%ﬂ@e 'ﬁ“‘é‘bﬁﬁ% 205 eArgRinehe  RCCM
housi ng 300 bef e mstoR td preveRwetb BLEriRQCADYRL de BEdng@PInAGuiHmpaEatichlis Wi | |
provi de additional RCCM conmponent coollng and act as a purge for the RCCM
housi ng 300. The magnetic reed swtches 402 | ocated on the air cylinder 401
will indicate if the cylinder 401 is sufficiently extending and retracting,
t hereby providing a neasure of the functioning



20 of' the apparatus, since the air cylinder 401 is positively Iinked to the

bl ade assenbly 201. The present invention preferably incorporatesp 002
fluid vortex unit 100 and an RCCM unit 200 in a single cleaning appara ug

This apparatus is preferably used in conjunction with a lower spray jet , o
outsi de of the reaction chanber, thereby preventing |ower reaction chanber ‘
corrosi on and buil d-up caused by mnerals in the water. .25 It is to be

under st ood that the enbodi nent described above is nerely iMjStT\ﬁ RPR 2002

sone of the many specific enbodi nents of the present invention, and that
ot her arr angenmenbawednl the g pra&aczhslayd £ [(tikisE Béarify 2006 fétte BE SirRebebriK tdwardsiind he

art in light of the pres di sc¢l departi fromthe scope of
the invention. 18P 5“’8“5"%&?’ Wﬁb'f’g%y ﬂgth%\i{&g?"t{’gadgase '?bé?‘%o‘f’ kﬁéf'@r‘@ﬁ‘étebea""g
Nurmer al s ~' EA~I ~207 incontacPRith (Ha\fé)i serfacy@04/uf thinlotveQhigQ0Mofihe RCOMTiMe assembly
Pl at e201Bl ade Asz(ﬁnbl yl 02Top Surface of Top Plate 101Z02Doubl e Edged

Bl ades103Lower face of Top Plate 101203Upper Ri ng of Bl ade Assenbly
2011040pening in Top Plate 101203aTop Surface of Upper Ring 203105Qut er
Shel | 203bBot t dm Referfing sowfto EjgprerS, RierRCCM 3nd dCpreferabl@ poftainest infa lQwsieg 38MeTHe
105204Lower Ri ng f f

105205Hus hi nglos%dgg'"gd@g’%gég ﬂ%m%ﬁgﬁofido"g%g{é"%mgﬁn%aégr‘ifgds'%ﬁctéf)egg S om
Edge of Quter Sh@mrmlmsmmwfmme@&ﬁqan@h% ragsfer. The heysing alzemfmeb/momrrses
Qpeni ng of Qut eranShief ﬂoﬂ'ﬁﬁ%ﬁ@ﬂ)&nl QOQfo peRht thdinkibduktionQfs Hhil\b8in neh@'nﬁtb of
Quter Shell 105200Ci rcuI i N To PI at«? 2081128a fle2 ?4‘?]5 in
Top Plate 208113 s tepor e lés"@f r’é"‘P"’i heLqufiet 2ot pre $yiiapl £mplox
207114Qut er Bur fiseeluaion Bai:lfeiredri ai mmt a@msothonﬁem rsuppgestion. tThe fitfihg 307D pf tEEI ge

O8N 122! SO Sl P RS, B PRI EOEOL! RAEASE B B
Gaskcl for RCCMdemagrienty ag) doubRCanancait purgs tCIpEaYEN protGo)gesas figm fenjerirBxtha RECM

Moi st ure Contr ol ghlOfedasihr i ¢ Opening in Bottom of CDA Exit Concentric
Chanber 2| 7Qut si de Di aneter of Lower R ng 204l 20F ange218HoI e for

5 N R Rl o

404213Lower IGaal¥agurd 48) mlhDersmng'lmwGQbGRdlme Hbﬂlsmgﬁmmmsm operates
Mechani sn801Cyl i I W lﬂgﬂgg - RelopANels
‘ﬂﬂb it M 01402Reed’ Swi tchesSOSb?(gl’ﬂhigq %\r&tﬁ‘éﬁr?démly

Surface of Cylindrical V\all 1 Surface of

Cylindrical Wal lexisting deaging Mmml'ﬂ epsblsd &y dlirpgtly linking theegir actuator to the blade
Adapt or 305Fast ergemblyor Cui depl ate 304405Rot ating Li nk306Exhaust Mi sture
Control CDA Fitti ng4%Pi vot Pi n307Exhaust Mbi sture Control CDA
Fitting407Snap Ri el 4od is Srbdhra F&gg,@,la

Pl at e309Exhaust I sgﬁ'rﬁghgcgiﬁnm%QB tI et?qoésLowerL‘?a ng Lug410Ai r Q/TI nder
FittingSlidiffg %%r?‘%@??ﬁ‘aﬁ‘?‘mﬁﬁqw Pl Bhe air gylinder 40 'S'SSEP byrgyipped
~~I1U~Ul / U-5 lvith-a—meéchbhism Mnhﬁtﬂbaihemsr thk 2ylinder is Ihakibg cBmbletd Liitrdkes O BibdhX

apparatus conpri Sl'ng'ﬁ' gﬁ‘)’ﬁﬁ’ corg&rchhgg(ﬁ top surface, a bottom

surface and a ¢ generally coni cal outer shell attached
tb }md ext endi ng downwar dl y from the top plate, said outer shell conprising

an inner surf ac&efgming sowde Figyre Qsﬂ@rﬂ"n@"'g‘!?hé?‘a?‘?‘}m%lam rofl 407 eanaectedrie |y
openi ng of the Eftﬂd&'ﬁ& md'rﬁeca.uﬂs bﬁ;&m&@pae i@:ﬁé&ﬁsk&ﬁnﬁhwm

ext endi ng genera verti cal downwar dl Qm t he affle
conpri si ng an i Ay \?{eé'ift"?sa'ééh ing Jhe B‘ﬂ?‘é&é ‘Iogd‘?fﬁ"};f %h?fgf g‘l""&b@% ﬂ.b‘ @ﬁﬂg‘i’al |y
concentrical |y adap@ness ispicferithcattachee nt & &Itatmg)mwg viif pivde @inci0b.cThe ithet nd dfd) a

tri h
surface of the UerenEIEs Bahbf el oHE LBEFAY 2040 Yk Sl 20 1DR"
concentri c openpivet pirodéeldnlike curzatly vaidabls RGEA *b't@em of e mm rneferanmatowe
nnersurface Ofuehd) sing 8593 hclenréiiheldrive Aednufith. Ak v lpirfH06 A 1HCIapitk 04

relation to the outer to tangenti al | 0¥ I ntroduce liquid into e
concentric @Manisereferably held in place with a snap ring 407. The pivot pin 406 at the blade assembly 201

AMENDE™ ~*2ET]



wherein the baffle is arranged to restrict the flow of liquid intrO@I&Sd_:P 2002
i nto'the concentric chanber, so that during operation of the |iquid vo
apparatus, the concentric chanber is conpletely filled with Iiquid, and
said liquid fornms a | am nar sheet of fluid on the inner surface of the
outer shell as said fluid exits the concentric chanber via t feVddMRAIdi o/ UT

opening.: 2. The liquid vortex apparatus of claim1l wherein
attached to the inside dianmeter of the opening in the top pm ﬁr& APR Zﬂl
liquid vortex apparatus of claim1 wherein the liquid vortex unit conprises
a flange whi ch adédeldrinplaceeyitha etainbmplate foo tase of disassembly icthe fitldr The larapiimigr 401
apparatus. .,~ sgt [l (4

Slthredded it the I\Zg%mjg_ 3\(,)\?I as shown t;-hhgxllrg's @n \$m<r?]ifthA P arld ¢ hﬁ_‘ i g

The liquid vortex apparatus of claim erein urd i I's 1IN
connection with aush@aare@wed/@t@mty)s A sel f cleaning chanber mechani sm
conprising: (a) a cylindrical chanber conprising cylindrical chanber wall

conpri sing an i nFigwE Sralsp shavqeuisls iHretP4 et ftachedteithsr REGM thawsing 39AdTherguidel et

for introduci g piae @y Se Bchedto thathdusingey laﬂi ﬁEanImd%ﬁaSnﬁQ%n RR Exanfple, iHeSuide
l'iquid vortex appar s qQf clai rmunt he cylindrical chanber such
g 30 b

that the interiof! 5, 5tably attag I"Y"?]H‘F‘? 'HT'“ 5 (sge lsp Eipyrembandi6)aiften
the central opentyligdedtdaptee 404§ ppdferitdy dési’gﬁﬂﬁb)shdtaldmtthd gi@uegﬂaeWSwﬁa{ the fair-

trod d to t r f
hr ough the cent PATes A0k Pk BERREL A hd At hE Bip@ W 13 Frgpeedin
apparatus. 6. Anrelafidn tng(éﬂBchemxti"OQym @ﬁmdmdqmqungo‘t $octhay dhef cydihden adapger
chamber mechpfi SjgyQfides 'aféh#ﬂlé ﬂ@!"?ﬁkrﬁ@r@htﬁ ng‘afi”&ylﬁiﬁi%r' ﬁbﬁ Whternd %Eﬁng% al?\ TS,

ef fl uent abat enent sg/ wher el n ent so

chenical vapor d¥hesdheaityliegspdRcrersts against a high logd, thesylindaradepterdfe érﬁ@ﬁgﬂeﬂygt em
of 3l ai m 6 wher ejige i1 tﬁémrmanﬁwn CFofitife 1éwer ring 264S0T e Diide sgseﬁmy 201. The air

fact t I
Conpr i 51 ng: | () SRedpt P 10405 By ProBHEY PO AipeSVEHATSRN Gl ER It 8 ng
an interior surfpcdepusbhg (ot kﬂomi)amatpmrcahnsisr 400 ispriteied grom(exgessive weaa Jhe guide
annul ar moungg n b&h%z R:?meiﬂeﬁgmﬁ td Hgvabie uﬁhﬁﬁg@ﬁ%ﬂu |

peripheral l'y abg)ut the annu arran in a
rel ati onshi p to cSohentgmpengntnsn mam Cﬁfbetwwwmqtmmemﬁ Year iggygessiye.
~~nle~D s~EET 0 5 SEP 2002

43 Operation of the RCCM Apparatus

The blade assembly 201of the RCCM/Vortex rotates clockwise and counter clockwise with

20 the extension and retraction (or vice versa) of the piston 403 of the air cylinder 401. The

blades 202 are preferably double edged and clean in both the clockwise and counter clockwise

directions. The blade width and rotation range are selected to provide overlap in the cleaning

passes. For example, in a preferred aspect, the blades 202 are preferably from about 0.65 to

0.75 inches wide, more preferably 0.70 inches wide, and the rotation range is about 90°,

“ ) . 25  thereby providing overlap in the cleaning passes. An air cylinder stroke actuates the cleaning
motion; the stroke is suitably about 6 inches in length. The air cylinder 401 is linked to the

blade assembly 201 via rotating link. Figure 8A shows a plan view of the RCCM/Vortex with

the air cylinder in its retracted position. Figure 8B shows the RCCM/Vortex apparatus of the

0

present invention as the cylinder 401 is extending. Figure 8C shows the RCCM/Vortex with
30 the air cylinder 401 in its full-extended position.



t .."~~1, uu ~'~~~ ~5 ~a~P~ (c) a reciprocal novenment unit for tgte%m
sai d scrapi ng bl ades) circunferentially back and forth along the |

surface of said cylindrical chanmber to scrape the interior surface of said
cylindrical chanber, said reciprocable novenent unit conprising a

reci procabl ¢ rﬂ?‘@?‘ pivotally connected to an extension negpgfy

ext ensi on ne eing pivotally connected at a peri pheral p05| t| on %o t he
bl ade apparatus. 10. The apparatus of claim9 with four scraping bl ades. t
1. The apparatus of claim9 with five scraping blades. i .." 12. The
apparatus of claim9 with six scraping blades. 13. The apparatus of claim?9
wherein the blladpefemedenimdimest, the geiider #91 tafdsepappantely 3s3 sedondd (@anabs@uordder ei n

t he bl ades hay '

roverent) iy cRUaogd ot 4l GEbR RAPLIGH of By Rlach 3o fmbBPRRIE e

conj unction witp hppﬂmsmwbexte@fanbtem@e?locyfbrléwﬂ%lefowm Wl@d&amkw:’aﬂmt
rotational patg wgae%se%gioqné thﬁr&léh%stf&ﬂﬁIs'b%&l chp.?gm ifectits. aﬂiuﬁcf@{‘a o i s

bl ade. 5. The apparat us claim1l h four blades,” whereln eac

from about 50. GBamRle, hsAiMingcieit ismmsb'mea'@ aply PRRFRTed9 ptend dheaifrylindss 401
rotati Onalbl ”D\/fsﬂnb%QJt 10 Secad aid réfhct t]l}@alr c-yhﬁieamlamﬁg&& Iog-e;&’ld?i_' theréby\pasidihd) t Pe
reci procabl e nenber is ton of a cyl i nder ratus 0
clai m 16 wher éFpletine f&'l"g ggﬁMﬂ%‘F ajsgm nl@?f]é&p opgh ‘5’?‘"1"8%?’ %FFe"%a'@"&'ct or
for indicati nglnmhﬁhdae‘he dlistion i presdere textdnd enmtricythexireyididergloandm efaeiuyl&cti ng
to ensure that bl a L overs
the interior Sl]JtFr At %ﬁgé@é?fg t?r%{d\;%vg (pgo,gam w@yf“ﬁ%%?&?‘p& tirﬁ%r '

.~T 05 SEP 2002 t ~ |~tJ 1/ i.! (~~%Il~ 1| # ~S~~APF 18, The

apparatus ¥f chaReCMpblagdsassemnbly ofibe msﬁrtwﬂ"% Rleang in both the coprtercddoskyviseprdd t o

provi de an outcRidkwisd\dteaidnk \efd %fthéf‘@lﬁtrﬁlﬁé effddfiveCian AUEIBA1lyl avaifabifelapgdr@inel Xt
extendi ng and [ tractl ngfsto ensuy e tqr@}nthe bl ades have a scraping path

whi ch subst antdsiadge gepodisdn the raction ch surface of the chamber wail of the
cylindrical chanber. 19. The apparatus of claim 17 wherein the one or nore
det ect or s conpFihié Bovongthoughnbe Buidmertea wilkcaokbelmainibeshing 20 habontwlach theobladedi cat e

if the cyli ndqgsc;nﬁl sof ,f(,g&&%,\l,\%m?& SReUsNHoiRA chitiol Getksh WGl #}rgfcﬁgl?lﬁ{aﬁe Lygat the

bl ades have a scra In substantially covers the inferior surface
of the chaHberPaiﬁ/é‘I"P“&bf‘hﬂﬁ‘éC%?P?sﬁt&?P@ beforegatftiRg an upper sqoqpdany $eEIbLIng WS- | ai m
| 6 wherei n t hernRivil provite additichbll EEM \bbinpdhehtcodliiglihd Betiaf & P@ige fo? the KCCKACt i ON
chanber cl eanlhn%m%%g ratus conprising: (a) a cylindrical chanber conprising
a cylindrical € wal | conprising an interior surface; (b) a bl ade
apparatus conprising at |east one annular nounti ngqlmsrrber and at | east

t hr ee scrapi ndhbmaghetic eeed swdtehes 4B loratedeqnathe ajr qyljeder 4Q1we!l andinatedf thereydinderng

{Tﬁnber | ang ar r4|@ﬂ Q%ﬁimt;,@m@ RRhdihgd B réuBbii) m&ty Rovidinga &R B{lwl? nalmcﬁmgts of
e cylindrical chanb roca i ating

sai d scrap®®ng °5V‘56¥!§)‘"51 ﬁ"lf&ﬁ‘l’é’l’ @H’t”f‘%ﬂ"ﬁbg '&Veyﬁoﬂ‘\(f‘g‘sgﬁb O‘ﬂ’égﬁﬂnt erior

surface of said cylindrical
The present invention preferably incorporates both a fluid vortex unit 100 and an RCCM unit

200 in a single cleaning apparatus. This apparatus is preferably used in conjunction with a
lower spray jet outside of the reaction chamber, thereby preventing Jower reaction chamber

corrosion and build-up caused by minerals in the water.

25 Itis to be understood that the embodiment described above is merely illustrative of some of
the many specific embodiments of the present invention, and that other arrangements will be
readily apparent by one of ordinary skill in the art in light of the present disclosure without

departing from the scope of the invention.



chanber to scrape the interior surface of said cylindrical chanber, said

r eci procabl e novenent unit conprising a reciprocable nenber pivot zﬂl ﬁyS P 2002
connected to an extension nenber, said extension nenber being pivotally
connected at a peripheral position to the bl ade apparat us; (d) aliquid

vortex apparatus in fluid connection wwth the interior passage) said liquid
vortex apparatus conprising: (i) a top plate conprising a top {g&gﬂ% / 08
bottom surface and a central opening; (ii) a generally conic I
attached to and extendi ng downwardly ftromthe top plate, said outer shell
conprising an inner surface and a céﬂﬁﬂéﬁmﬂm&eral |y

the central opening of the top plate; and 14 ...r _r,incn ~yEmj$\A1‘E‘$’ APRZ
2002 rv~~u~(,/,t ~ U ~"~=~APR (iii) a baffle attached to the inside

di aneter of the opgni nwa‘grwohamnttop pl ate and ezdoendi(mu osper ally vertically
downwardly from thg toRgpl.gt e, said baffle congyi Siggheaehtiper surface, a

bott om edge, and qozcen.]; g{,dagpoq% % eral I y C%CG'BJuI»QE&gLé’ ,gtj gned W th
the central openi L) reSug It &r S aq o (V) onC@nt 'Ri o scm z&ded
ch paille i o AT iy E A

by the outer surf i nner

and the bottom sufface 'f'“gt"h °"'1P 1ate (v) aZ%gonc ﬁts?”&“ g;o rrred
bet ween t he bott oMSedd®*dfthe baffle and the % °6 yree

shell; and (vi) 0§ cfﬂi“ﬂs‘frﬁ#é'f Ouler Shetlded i n re?“&tl d*r?‘”f’c?"tgl?ém&lit‘“éﬁemélﬁéml to
tangenti al |y i ntr &fucdnriet Syefacd of QeenSheth@0Sconcent 205c dveiiser and to t her eby
forma | am nar shest GlopEdgapfOuenSieh#osi nner suriohce TofustiBemingUtier shel | as
said fluid exits tdse conaekdge ofOuehshiatb®s vi a t h7cormbesiBeiriog diBeningiYuit DB, The
reaction chanber gloearteng Gyriing AOWEr SHéNl 105 ai M 2208 Wh aopPine bitBearbbpUhit W61 S
attached to the ingi dewdi Bweirdiedhett 108 Openi NQob N  tdirCuldr Gibofd Gt if Topate F0gE
reabtl on chanber gheajafhg apparatus of clai m 2o W@ inTop Bifte fBdE | S
arranged to provi gg a,,fnl,,.,cgmf;cgg,,tgamgt,hon SO t hatydur igafs RARGABLAR BF t he

sel f-cl eani ng chapiger JIRFQANM. SfBame1f2 CONCENt I |ﬁzch%m;of|5§.,g€g£52@g ely

filled th | 2 on chanber an m 21
vvlner ei nWIt he w:stgglr % B ‘r'ﬁ%%%“ ses a Mangg ' ﬁ‘mﬁ&m %@EM‘Unﬁ'

attachnment of a s&lrub |“’m nb The re io H

appar atus of claily 21%\7\% b "‘tﬂ?e’%'zuﬁlér shel | azg%d %?’“‘gﬁﬂg %ﬁﬂwsg ded

as a unitary arti " eacél on _ghanber2i¢| e%ﬁ‘"‘" FrararIE s forPhi m
TT{€"are mol dggl a%ua,duﬂawrxﬂwwﬁm 15

21 wherein the outler e

0 5 SEP 2002
120  Flange 218 g::; for RCCM/Vortex Assembly
121 RCCM/Vortex Assembly Bolts 219 Air Cylinder Boss
220 Opening for Air Cylinder Piston Rod
403 and Air Cylinder Adaptor 404

223 Lower Gasket for RCCM Housing 300

300 RCCM Housing 400 Drive Mechanism
301  Cylindrical Wall of RCCM Housing 401 Air Cylinder

302 Interior Surface of Cylindrical Wall 301 402 Reed Switches

303 E;;erior Surface of Cylindrical Wall 403 Piston Rod

304  Guideplate 404 Air Cylinder Adaptor
305 Fasteners for Guideplate 304 405 Rotating Link

306 Exhaust Moisture Control CDA Fitting 406 Pivot Pin
307  Exhaust Moisture Control CDA Fitting 407 Snap Ring
308  Exhaust Moisture Contro! CDA Inlet 408 Retainer Plate
309  Exhaust Moisture Control CDA OQutlet 409 Lower Ring Lug
410 Air Cylinder Fitting
Sliding Support of Cylinder Adaptor
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sl (o 2 u 27 The reay g

chantber cleaning apparatus of claim2l1 wherein the liquid inlet i

connection with a source of water. 28. The reaction chanber cleaning
apparatus of claim 21 further conprising an exhaust noisture control system
arranged to pass dry air through the cylindrical chanber to E'&cUerrU /Uy 1
scrubbing tower. 29. An effluent abatenent system conprising the reaction
chanber cl eani ng apparatus of claim22 downstream from an ef o]y&ﬂpR Zl
lrw.J 30. The effluent abatenment system of claim 29 wherein the e uent
source is a chem cal vapor deposition appgaimsg 31. The effluent abatenent
systemof claim29 wherein the effluent source 1s a sem conductor

manuf act uri ng apparatus. 32. The reaction chanber cleani ng apparatus of
claim 21 wherein the bl ades are doubl eedged. 33. The reaction chanber

cl eani ng appar at Ughefs clelmdd’: 32 wherein the bl ades have a width and the

reci procating nenber has a range of novenent which w dth and range of
novenent are selected to provide each blade with a rotational path which
overlaps _ with the rotational path of an adjacent blade. 34. The reaction
chanber cl eani ng lappandiquizl voftexcpparatusidmpdishigei n t he bl ades from about 0. 65
to about 0.75 inches wide and the rotation range is about 90. 35. The
reaction chanber cleafdng appak@icosprsingaltep surface, altotiern surfachand a goritiat epeaibge
menber is a piston of an air cylinder. 16 0 5 SEP 2002 aw. ,~~Vi~ Ua

"I ~F~/ (~S ~' S A p~ . (®36. Tgencfaliy senicohowier heleatached imandpxiepding dawyvaptly Spmi m
35 wherein the air cylindeeitsp patel SARE6LteM shill NRAPEYiigCan’ MAG sBihdedA@ S central

arranged to indicate if the cylinder is sufficient extel“jl ng and
retracting. 37. The reacti %" ﬁﬁ"t‘?ﬁ'@\r’yﬂﬁg@ﬁ’ﬂ%’“"éﬁ é‘feﬁ'gg%#] %‘ng"ﬁﬁe?ﬁ‘dv\her ein
thedair cylinder is eguippe st, one detector for indicati whet her
the cylinder is suffi@?ent?&’a@%t éﬁ%l'eﬁggaﬁ’a tr%étpﬁ%%ﬁ"‘rl]gexfec'}&ge%sqﬁ?%aqghaf"ﬁfﬂg

bl ades have a scrapi ng patdovmecly fsonp thecztop platel spidcbaffle eomprising an innerosurface; hace
of the.cylindrical chamberyifghledfl afdlece |b&ﬂfng§alm Pe&p&ftricailg;ali%ﬁed\uﬁ?the

reacti Qn chanmber cl eaning apparatus of claim 37 wherein the dt l['east one
detector is configured to $PER peraingRf e ewershallagi cative of whether the

cylinder is sufficiently ' ~ extendi nd.retracting to ensure.that the

bl ades have a scrapi n@ pat‘h“(ﬂﬁ"i’ﬁ cg'ﬂﬂn%fiﬂ'f"id%ﬁyy%%&'/%'?ssm@ﬁe&i i beafflseo ¥ ace
of the cylindrical chanmbersurfedelofthé outereshelland the bottom sudfeg afitbe top @Bite; The
reaction chanber cleaning apparatus of claim37 wherein the at |east one

detector conprises on® or heaneentigpreningclomsd betwigen the, battom, edge, plthe baffle pud that e

if the cylinder is suffi ciigttSivasedfeie@uidfshadnd etracting to ensure that the
bl ades have a scraping path which substantially covers the interior surface

of the cylindrical ch@bera Nguid inlef artagedGiy relation tocthd owddrahdiico tangentially introduce
' liquid into the concentric chamber,

wherein the baffle is arranged to restrict the flow of liquid introduced into the

: ) concentric chamber, so that during operation of the liquid vortex apparatus, the

concentric chamber is completely filled with liquid, and said liquid forms a laminar

sheet of fluid on the inner surface of the outer shell as said fluid exits the concentric

chamber via the concentric opening.

2. The liquid vortex apparatus of claim | wherein the baffle is attached to the inside
diameter of the opening in the top plate.

3. The liquid vortex apparatus of claim 1 wherein the liquid vortex unit comprises a

flange which accommodates attachment of a reaction chamber cleaning apparatus.



40. The ‘reaction chamber cleaning apparatus of claim35 wherein the %Btgn
has a stroke _ _ length which is fromabout 5.5 to about 6.5 inches. . OBP 2002
nmet hod for cleaning an effluent gas conprising: (a) providing a reaction
chanber cl eani ng apparatus conprising: (i) a housing chanper- conprusi ng G 1D
effluent inlet, and outlet and a chanber wall conprising ng{ AE
surface; (ii) a blade apparatus conprising at | east one annular t' (52 2002
menber, at |east four scraping blades attached peripherally about the

annul ar 17 AVEPf ~~"riotiElRd vortdd apparalils o2 O 1 wherein thie Tiquiid inlet iRinFuid cotihection P~ 2

nmounting nenber and arranged in a parallel relationship to a |ongitudinal
axi s of the housi ng”tasAYESSTWelel-i ) a reci procal novement unit for rotating
sai d scraping blade(s) circunferentially back and forth along the interior
surface of said housing chanber to scrape the interior surface of said

housi ng chanbey, sajd i.pr I VA it conprising a reciprocable
menber pi vot alf{‘y c%%&%ﬁgﬂ%%gﬁﬁﬂgﬁ%‘ﬁgﬁﬁépﬁgﬁﬁér, sai d extension nenber

bei ng pivotal ly conpect . i . L : e
apparatus: (1v) a YOrteq cymiaes Rpegt EibiisRp oy ldnt CREREE bad Sonfiink fE
outl et of the housing clingrioepassagabaindediby en interior seréang rhd amiglen for introgicings
conprising a top surfacgasedhshid: 38 fitiinteR6padiage; anacent ral opening, said
vortex unit further conprising a generally conical outer shell attached to
and ext endi ng downygyr dl ?efqummvgm dppiitatid ?ﬁaaihopmﬁhrﬂéd_em tﬁ@i:ﬂknammeéhla?\bw !
conprising an inner surface and a.centra enj.ng. ch is.generally
o Tbned wth the cent r afe et phipegr ey ol Hebet R P GROSE Wit
further conprising a bathk|cented topenivgdoft the ttbye platep thekehy cpeamiting xghsenal nyjtter
genieal |y vertically dOuRUREOY yud BE RS basdibl dr B/ EhBaRAIDAIREN S 3 NET
, ége, an

surface) an outer surface, a bottome a central opening generally
concentrically aligned thraugh theccepteah tapening g6 Hhentgp glate ped iitn the ligyid vertexy) 3
concentric chanber boun Ry the outer surface of the baffle, the inner
surface of the outer shell) and the bottom surface of the top plate; and
(vi) aliquid inlet arranged to tangentially introduce liquid into the
concentric chanber, thereby filling the concentric chanber with Iiquid and
form ng a | aménar aheéiuentfabitbraint] systemt domprisimethe seif-€leaning chanliee mechiapismgife| | ;

(vii} a concentri ¢ ane ddiBsthedh #o8l ah SNER Souldde bottom edge of the baffle and

the inner surface of the outer shell; (b) flowng liquid into the inlet so
as to fill the concentric chanber with liquid and forma | am nar sheet of
liquid on the inner surface of the outer shell; (c) flowing effluent into
t he housi ng chanbeThd afiueabathemen systeirBof clim$ BiERIHO 2ffluert source is a chemical

: vapor deposition apparatus.
s ) ' 8. The cffluent abatement system of claim 6 wherein the effluent source is a

semiconductor manufacturing apparatus.

9. A reaction chamber cleaning apparatus comprising:

(@) a cylindrical chamber comprising a chamber wall comprising an interior
surface;

(b) a blade apparatus comprising:
0] at least one annular mounting member;

(ii) at least three scraping blades attached peripherally about the annular
mounting member and arranged in a parallel relationship to a

longitudinal axis of the cylindrical chamber; and

12
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~ I ~E~/(~$ 15 AP R 2 42. The nethod of claim41l wherein the baff!.)ewiéﬁ
attached to the inside dianeter of the opening in the top plate. ﬂ T 2002
met hod of claim4l wherein the baffle is arranged to provide a flow

restriction so that during operation of the reaction chanber  cleganing
apparatus, the concentric chanber is conpletely filled with |iquid. 2¥ 41de U O
nmet hod of claim41l wherein the top plate of the water vortex Ise

a flange whi ch accommodat es attachnent of the housing chamber. h ) 5PH.}
met hod of claim4l wherein the liquid inlet is in flui,d copnection with a
source ' of water. 46.()The2ndtdRigralor meYegrenh Aty {eh TRt eSde a1raPHIE cadetdr

cl eani ng apparatus further cr@mrnsgify Rtk sdBHeilonhé intefier siffate 'ofbaid Yin@Atal
arranged to pass dry air through t he champer torfeco dary scr.ubbi ng tower.

47. The nethod of cl ai m 41 <tMbFretonscrang the piesign surfage of s3id gylindgica hamber, said
chemical vapor deposition apiprkstidlmovementt8nit thapriskigho ekcipfocatlaimembdr pletRy N
the effluent is int roduced“lc rg‘:@dqosen‘)i“gr%r})durggm - r;%glé;tar%i]:ourr}mr&g)eraggar at us

49. The method of cl ai m 41°SASIE;'d 3¢ FECBIOP TENE. P29 CREPEY f8net Pae RSPl n
t he bl ades are doubl e- edgechnné&ged afldweripheral pokitivh tatheblades@pamtesr ei n t he bl ades
have a width and the reciprocating nenber has a range of novenent, which

w dth and range of novenent are selected to provide each blade with a
rotational path which overlaps with the rotatjonal path of another bl ade.
19 0 5 SEP 20020, ~Thgpppargfugofclaym 9 with fompscraping BRIGSF c| ai m 50 wherein the
bl ades are from about 0.65 to about 0.75 inches wide and the rotation range
is about 90. 52. The nethod of claim41l wherein the reciprocable nenber is
a piston of an aif cyly 53 1.0 Lm52 wherein the air
cylinder is equi pl)fp'ed Jg%eq'ggiééswogﬁlg'mﬁrﬁﬁ%%g?ggg%%%bati ng whet her the
c;ﬂ_‘i)nder have a scraping path which substantially covers the interior
surface of the chanber wall of the housing chanber. f ..' 54. The nethod of
clai m 53 wherei nit.he Ble dppndtiis oF BIBIMIEWRICSOEcrdping®aBdsi gured to provi de an

out put have a scraping path which substantially covers the interior surface
of the - chanber wall of the housing chanber. 55. The nethod of claim53
wherein the at Least one detector conprises one or nore magnetic have a
scrapi ng path whith sTheappartisaf clgimcbwherein thp blages prsdpyelie-edged ace of t he
chanber wall of the housing chanber. 56. The nethod of claim53 further
conprising the step of stopping the flow of effluent through the housing
chanber when the, putpyt indicat .t hat .t he inder is.n sut.ficient].

ext endi ng and re{‘f')acﬁkﬁga.ppaw °¢%aémhn€f"ﬁ'g5motﬁ¥yagﬁs§1“§6§m%ela"yn eh’é“%’f’%‘ﬂé? ng
step i s automated. 20membechnasarange ¢f mokement, which width and range of rotational movement are

- AF. A@ . Al 1. AF. A3r . Af MGéiNin &djunctidh - vi NBie Ainbé Lol to AbPle each blade with a

. ASNI . Af NL. A@ AuF. Afp L. . . . .
rolational path which overlaps with the rotational path of an adjacent blade.

| ' ) 15. The apparatus of claim 14 with four blades, wherein each blade is from about 0.65 to
o about 0.75 inches wide and wherein the range of rotational movement is about 90°.

16. The apparatus of claim 9 wherein the reciprocable member is a piston of an air

cylinder.

17. The apparatus of claim 16 wherein the air cylinder is equipped with at least one
detector for indicating whether the cylinder sufficiently extending and retracting to
ensure that the blades have a scraping path which substantially covers the interior

surface of the chamber wall of the cylindrical chamber.

13
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(G x &7zupkfa\ W ca] ca] ca] ca] ca] ca] caU] ca] caU] ca] c 0 5 SEP
a] caU] cal] caU] ca] cal] cal] ca] caU] ca] ca] c: aU] ca] c 2002
a] cal] cal] cal] ca] c: a] caU] caDRW nsy94D

o+. 5> NNwgke [ V] ca] ca] cal] cal] cal] ca] cal] cal] cal] cay caLg] cal c%cﬁbca] cal Cad 3

] ca] caU] ca] caU] ca] c"a] ca] cal] cal] ca] cal] ca] ca] caNzf uq

CHAISSL 9BORBVEXEE ' ' ' "E()\)))+N, S, , zupkf a[ V] cal] ca] ca]'ca] cal c@mcalﬂ
C]aU]lCJ]a]CU] U cay] ca] cay] ca] caU] cal] ] caU] ca] ca] ca] caU] cal] ca] DAPF
a] cal] cal] cal] cal] ca] cal] ca] cal] caU] cal] ca] cal] ca] ca] ca] cal] cal] ca] c. a,
he-j-l--ncennn-- . 1 81 00CPhe zregus DT ¢laimyDieglprajs thi o] Ixas| w]dca}telaurmijgwm]t@amwa] c

fj] g:} ca] cal cau] <7:3]6gfgqaka?]tgg.ﬂaﬁal&wxﬁakﬂ&%m sahGatl catrmgraldatinal ca

=>>r 25@ AAAAAAAAA~YSN wea%m‘x@j Blades deyechicapimraiborhifho subitantiply¢9rem tha ifteisr ca
] ca] ca] ca] ¢, aU] ca] ca] Gurface of the chamber wall of the cylindrical chamber.
a) ca] cay] ca] ca] cal] cal] cal] cal] ca] ca] ca] caAAAABB#B) BBBBBBBBBBBCCCC

C$C. C@robDqDDDDD{ upkf a\ Wab] XS] ca] c.alc a]c
a] ca] ca] cal] ca] cal] ca] calU] ca] caU] ca] cal] ca] caU] ca] cal] ca] cal] ca] cal] ca] cal]
ca] cal] ca] cal] ca]ieaU] GhOkppaiais $f daithlIl7 vidierdiiNBINERY RIRRSdeTecbi\CeBisc o8 XCXexe | g

b] XS] ca] ca] c4a] ¢ a] Cakﬂ %ﬁ”ﬁ a Caﬁ&%@%&%&@kﬁﬂé HheR i Caklicaly Ak eals

a] ca] caU] ca] cal ca] ca
CXAXpXsX * > ay aaZish Isreding de ERsTE\\Rt dbe7 Blrdenidavs ¥ serepingTepd| wiich subgtantiala U]
cal] cal] cal] ca] cal] caleridliheihlesar ek stalechbhierihit aitkelyhimliea brabc a] c6a] c$a]

c$a] cal] ca] cal ca] c*a

U cnraeeeeefffffff"f(f,f[ffgggggg. h_hjj' k}kkkk} xrmhb] Wyb] XS] ] cU] ca] cal] ca] ca

] caU] ca] ca] ca] ca] c*al] ca] ca] c$a] ca] cal] ca] cal] ca] cal] ca] cal] caU] ca] cal] ca] c
ay ba] cal] ca] caUp@.akk ke agpbratuneficlrinniSowkesgin b pistgn has 9 strake mwhich ésrabevt §jifabes)] ca] c

al c a]cal] ca] ca] ca] ca] cal] caU] caU] ca] ca] ca] ca] ca] ca] ca] c4a]c*a]c

a] c$a] ca] ca] ca] ca] ca] caU] ca] cal] ca] ca

t 3t =t t { uvwPwwnx §ZTZZA§Q¢:L cﬂg&;&;\gﬁé;%%g%g]lﬂs]ng] cal] cal] caU] cal] ca] ca]c

a] ca] ca] ca] ca] c(

SEERR R e ol B P R TR T TN
cay cal cal] cal] ca mtenors

UV]ca]ca]ca]calc"a]c"a ca] ca%%a! cag! Calf"’ﬁ%g m]é:agtt aniznr}/uYaL(:/n?oummk\ﬁxqelgberzaJdU] cau

] cal] ca] cal] ca] cal] ca] a] caa

a] ca] ca] ca] ca] cal] ca] cal] Cleas} thede/sarapifjgcliiddes atjaclell perfipherkityajbont] thekannulaXhounting
X: +<{vqgl gb U
] ca] cal f:\a]ch] 13\8/.\:{ 9$gqcigf§%ﬁi%@%aﬁ cal ca L&%%%w g,{?}}JLF@,LC&

| Pwx: =), +<{vql gb] W U] U] ca] ¥ aM| ca] ca] caU] ca] ca] caU] ca] caU] caU] ca]

gﬁ/lLll]ooc/?]&] E:Sa] Eail]ooc/?]&c?)% ca]lgaa/U]gga] cal] ca n(,:eanU] &a', cg]ca &G m&oﬁp%g()blade()

10% & ()-T10% & () - 10% & (MM&MM&AMWW%@:&WW@ 0

L, 10% & % 10% & 0
21004 &di () (110% & (§ M( L 109 %%(m( %@%QM& ‘%?(c"ﬁ%&ﬁl\fc'%w said
S109%&' ()- 109&' ()- 109& ()reciprocable’ WWEQOW(W'IMN'}W* member PWO‘a")'
” connecied to an exiension member, said extension member being pivotally

connected at a peripheral position to the blade apparatus;
(d) a liquid vortex apparatus in fluid connection with the interior passage, said
liquid vortex apparatus comprising:
@) a top plate comprising a top surface, a bottom surface and a central
opening;
(i) a generally conical outer shell attached to and extending downwardly
from the top plate, said outer shell comprising an inner surface and a

central opening generally aligned with the central opening of the top

plate; and
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&7Dz[ <YNCYAOL' 109%&' ()-3 F!'109%& ()-!F 10%& ()-L10%& ()-@| 109%& () 0'5 SEP 2002
10%& () - DRn$}*?4C 10Y:s10%&' ()-F 109 ()- !'F- 109%& ()- !'F-
10%& () - L+10%& ()-LS)10%& ()-symNV 10%& ()- B@10%& ()-s
109%& ()-1"10%& ()-mMOo¥%& ()-%A0%& ()- 10 10y9_4Dz[ <m\V °
91 "- 10%<& () -9t 10%& ()-F10%& ()-! Y 10%<& ()- 'Y 10%<& (F-YAUWOUL /08
10%<& ()- @o+5}"?mN ° &y 2109%<& ()-LOGLOY%& ()-& -109%<& () - @ ' :'!5 KPR
10% < <& ()-! $ 10%<& ()->I KLMNZf bC ml0%& ()- @10%& ()-m 10< =
10<Y: " 10%<& () - &6 109%& () - &310%<& () - q uq ! C##zX6bC F 10%<<& ()--! Y
10%<<& ()- 'Y 10%<& ()- ! Kiii) 1@%{&&“(3): ed to the inside diameter of the opening in the top plate
10%<& ()-"10%& () - #SLIBIXEA 7t dufondib® YEmelill] Verlcah9 U6 SintnraLifom the top plate,
109%<& ()-9(109%& ()-" " 109 ()-'# " .. )
10%<<& ()-X&&' "' ' hCl!, Z109& E:)ld_ lgf@g;@-n\pygng afyjoneq gyirface, a bottom edge, and a central
10<F: s10%& () - 84MLO%&’ () - 82- 10PsiRE (gnerally EbrckiicaRBiIGhtd AMBIE kentrhDYn{ng-of10
%& ()-!f 109&' ()-- 109%& ()-" 100/?%' &%tg)s+:-’ -./1zX9bCl " +10%&' ()-! Y&
109 ()- #10%&' ()--!#1& 109%& ( < Eﬂl%& ()-'Y 10%&' ()-:///01&1(1)1}~?4C

(iv)  a concentric chamber bounded by the outer surface of the baffle, the

inner surface of the outer shell and the bottom surface of the top
plate;

™ a concentric opening formed between the bottom edge of the baffle
and the inner surface of the outer sheif; and

a liquid inlet arranged in relation to the outer shell to tangentially
introduce liquid into the concentric chamber and to thereby form a
laminar sheet of fluid on the inner surface of the outer shell as said
fluid exits the concentric chamber via the concentric opening.

M (vi)

22, The reaction chamber cleaning apparatus of claim 21 wherein the baffle is attached to
the inside diameter of the opening in the top plate.

23, The reaction chiamber cleaning apparatus of claim 21 wherein the bafile is arranged to
provide a flow restriction so that during operation of the self-cleaning chamber
mechanism, the concentric chamber is completely filled with liquid.

24, The reaction chamber cleaning apparatus of claim 21 wherein the water vortex unit
comprises a flange which accommodates attachment of a scrubbing chamber.

25. The reaction chamber cleaning apparatus of claim 21 wherein the outer shell and the
top plate are molded as a unitary article.

26. The reaction chamber cleaning apparatus of claim 21 wherein the outer shell and

baffle are molded as a unitary article.

15
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10: s109& ()-F 6109 ()- L4109 ()-L2109%& ()--!1F- 10%j & ()-!F- 05 SEP
109&()-)1* 1+181E1T111nNC 10: s1sf 109& ()- s 2002
109& () -, "109& ()-Z109%& ()- &L0%& ()- 10 101Y2e34#557zXINC 109" 109& ()-!Y

109% ()- @ Y& 109%& ()-s' Y& 10%& ()-s 10%& ()-!3 109%& ()- ST~77L89: : : A24C
10Y: s100& ()-13/ 109& ()-!3/ 10%& ()-9, 10%& ()--9*10%& ()-¥HI =01 /708 1t
109K ()~-::::::;=HC 10! (cy' 109%&' L109%&

"109%& () - Y( L09%& ()-I 1'YS 109%& () - g) 10 0 IPEAAUS (S APR 200
10=>>r ?5@@ AWISHC! | * 398 109&' () - ! N39%6 10%& ()-! ff! 100 ()-s!ff!10%& S) s1910
UCC&' () -y 100/&' e7- | mmewa]}mg@ms@fcglm 21 wherein the liquid inlet is in

MLOY& () -1 T @S’ 10%-'%1(11:0nnectlofn @R a ;&@%&w‘t} , 0f@s" 109RR& () -
pf@s 10% & ()- DDDDDDEFFgEC 100! " 109%&' (
10% & ()-#-10% & ()-9!'#-10%Z=Z& ()-9!!'LlI &10%&' ()-4 10 10FFA NJrJLI NxV4EC
w109 ()-!'S@!"' 109%&' ()- !"10% & ()-!" ' 10%u& ()-!

28, The reaction chamber cleaning apparatus of claim 21 further comprising an exhaust

moisture control system arranged to pass dry air through the cylindrical chamber to

secondary scrubbing tower.

29. An effluent abatement system i:omprising the reaction chamber cleaning apparatus of

claim 22 downstream from an effluent source,

30. The effluent abatement system of claim 29 wherein the effluent source is a chemical

vapor deposition apparatus.

31. The effluent abatement system of claim 29 wherein the effluent source is a
semiconductor manufacturing apparatus.

32 The reaction chamber cleaning apparatus of claim 21 wherein the blades are double-
edged.

33. The reaction chamber cleaning apparatus of claim 32 wherein the blades have a width
) and the reciprocating member has a range of movement, which width and range of

i
) movement are selected to provide each blade with a rotational path which overlaps

with the rotational path of an adjacent blade.

34, The reaction chamber cleaning apparatus of claim 32 wherein the blades from about
0.65 to about 0.75 inches wide and the rotation range is about 90°.

35. The reaction chamber cleaning apparatus of claim 21 wherein the reciprocable

member is a piston of an air cylinder.
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1098 () - LI "Z109%&' () - " X#XSXIXAXBXCX Xj KB 1 - @*HMUL / UO ]
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(i) a blade apparatus comprising at least one annular mounting member,

at least four scraping blades attached peripherally about the annular
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the blade apparatus;

(iv)  a vortex unit attached in fluid communication with the outlet of the
. housing chamber, said vortex unit comprising a top plate comprising
! \) a top surface, a bottom surface and a central opening, said vortex unit
further comprising a generally conical outer shell attached to and
extending downwardly from the top plate top plate, said outer shell
comprising an inner surface and a central opening which is generally
aligned with the central opening of the top plate, and said vortex unit
further comprising a baffie attached to the top plate and extending
generally vertically downwardly therefrom, said baffle comprising an
inner surface, an outer surface, a bottom edge, and a central opening
generally concentrically aligned with the central opening of the outer
shell;

) a concentric chamber bounded by the outer surface of the baffle, the
inner surface of the outer shell, and the bottom surface of the top

f ) plate; and

(vi) a liquid inlet arranged to tangentially introduce liquid into the
concentric chamber, thereby filling the concentric chamber with
liquid and forming a laminar sheet of fluid on the inner surface of the
outer shell;

(vii) a concentric opening formed between the bottom edge of the baffle

and the inner surface of the outer shell;

(b) flowing liquid into the inlet so as to fill the concentric chamber with liquid

and form a laminar sheet of liquid on the inner surface of the outer shell;

(c) flowing effluent into the housing chamber for abatement.
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44. The method of claim 41 wherein the top plate of the water vortex unit comprises a
flange which accommodates attachment of the housing chamber.

”
) 45, The method of claim 41 wherein the liquid inlet is in fluid connection with a source

of water.

46. The method of claim 41 wherein the reaction chamber cleaning apparatus further
comprises an exhaust moisture control system arranged to pass dry air through the

chamber to secondary scrubbing tower.

47. The method of claim 41 wherein the effluent is introduced from a chemical vapor
deposition apparatus.

,—' ) 48, The method of claim 4] wherein the effluent is introduced from a semiconductor
manufacturing apparatus,

49, The method of claim 41 wherein the effluent is introduced from wherein the blades

are double-edged.

50. The method of claim 49 wherein the blades have a width and the reciprocating
member has a range of movement, which width and range of movement are selected

to provide each blade with a rotational path which overlaps with the rotational path of

another blade.
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cylinder.

53. The method of claim 52 wherein the air cylinder is equipped at least one detector for
indicating whether the cylinder have a scraping path which substantially covers the

interior surface of the chamber wall of the housing chamber.

P
: ) 54. The method of claim 53 wherein the at least one detector is configured to provide an
output have a scraping path which substantially covers the interior surface of the

chamber wall of the housing chamber.

55. The method of claim 53 wherein the at least one detector comprises one or more
magnetic have a scraping path which substantially covers the interior surface of the

chamber wall of the housing chamber.

56. The method of claim 53 further comprising the step of stopping the flow of effluent
through the housing chamber when the output indicates that the cylinder is not

sufficiently extending and retracting.

- 57. The method of claim 56 wherein the stopping step is automated.
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