TI TLE OF THE | NVENTI ON: METHOD AND EQUI PMENT FOR SELECTI VELY COLLECTI NG
PROCESS EFFLUENT CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0001] The present
patent application clainms the benefit of prior US Provisional Patent
Application Serial Nunber 61/298,949 filed 01/28/2010. 5 BACKGROUND OF THE
| NVENTI ON [ 0002] There is a need to discrimnate and effectively coll ect
process gas containing high value desired gases, such as noble gases (Kr,
Xe) froma source or effluent gas that is available on an intermttant and
variable flow basis. It is very inportant that the 10apparatus to coll ect

the desired gas not in any i pt A e performance of the
process equi pnent, such as ﬁ%%%ﬁﬁgﬁgﬁbgiéﬂactor to which the
col l ecti on sYSEBAODSAND EAtHEMENTT FOR SBLEGISVELO O3 & FCT NE PRATESS ocesses,

such as etching, typically are dil % 1the process punp and then
transferred through a gas mani fol d af't I\fhe punp into a comon effl uent

gas manifold that eventually goes to an abatenent or scrubbing 15 system
This com ngling of effluent gases eventually dilutes the process effluent
stream of interest mMEROBS REFERENCEH TOIRALATEIDARPLICATEDNBY process to
renove the species of interest, i.e., the desired gas, for recovery.

[ 0003] CGHsextiwiihelprasent patehesipplicstioceHiab tee Benefivdflpibabt RrbiitinesitPatant

St eams PRlEERORRLA NGB R B el O0h 75 To00a) mare gases are

recovered fromeffluents for packaging and transport to refinenent and
recycling. See US7,294,172 and US7, 169, 210. [00051 Etchant gases from

narmng potent sl - See UstaheBo NS YOI o T ecti on from
effluent 1ghosjemreANAUCAR tBHREASHAIar FertdBVEY catRbt HoBed Qs chithining
high value desired gases, such as noble gases (Kr, Xe) from a source or effluent gas
that is available on an intermittant and variable flow basis. 1t is very important that the
10  apparatus to collect the desired gas not in any way interfere with the performance of the
process equipment, such as a chemical process reactor to which the collection system is
attached. Effluent gas from semiconductor processes, such as etching, typically are
diluted at the process pump and then transferred through a gas manifold after the pump
into a common effluent gas manifold that eventually goes to an abatement or scrubbing
15 system. This comingling of effluent gases eventually dilutes the process effluent stream
of interest making it very difficult to efficiently process to remove the species of interest,

i.e., the desired gas, for recovery.

[0003] Gases which are either unacceptable as pollutant effluents or sufficiently
valuable to recover are known to be recovered from waste streams from chemical
20  processes. See US7,261,763.

[0004] Rare gases are recovered from effluents for packaging and transport to
refinement and recycling. See US7,294,172 and US7,169,210.

[6005] ELichant gases from semiconductor processing are known to be recovered
because of global warming potential. See US7,258,725.

25 [0008] Rare gas collection from effluent of semiconductor processing is known. See
UsSe,805,134.



[ 0007] Recycl e of perfluorocarbons (PFCs) from sem conductor processing is
known. See US6, 277,173. [0008] Xenon recovery systens are known. See

US7. 285, 154. [0009] Xenon sensors are known. See US2006100211421. 5[0010]
However, these processes do not address the discrete collection of the
desired gas from ot her effluent gases passing through a chem cal process

ef fl uent ce an set con i ons. such

chent cal BYEc e eR AR HERRE oBr SeP e P G PR e el These
and ot herSedvadpages3.are obtai ned by the present invention which will be
set forth in greater detail below 10 BRI EF SUMVARY OF THE | NVENTI ON [ 0011]
The pr esdAb08]nvembnoecdvsryasystppaarakoswh.obee E8G\A85|18¢. a desired gas fromthe
ef fluent of a chem cal process reactor that utilizes two or nore gas
conposi t i[onds]i Xesequenses acormins i Jeg; USBI08)0021¢4dm cal process reactor
provided with one or nore lines for introducing two or nore separate gas
conpo$i t i{o00]i rHwmvevie tidsenireedsses o estsaddesssitoe discrely) cqidegmcéﬁse dasitedol | er

for cont r oo iDL A9USS B Ll ARRBNRLEA SRR SCAHRAPLIGANT, |0 he

the chem pr 0CEss Tea an e I ne chem cal
process rseaoerme aapabldencd oerensat/q:mrgltaem blarwhsh20afhl plecegsiuriog timor e separat e

gas CoMDORILONSI ALK HESH. M 0. PGBl bler BERGESRSTRACHBEd K e @ Check

valve in uent “l1ine a hg renova uen

chenm cal pesréiwenteactioch aitidepret foethtin greatanydetailisdcant i al fl ow of effluent to
the chem cal process reactor; 25(e) a recovery line capable of renoving a
desirl@d gas fromthe effluent |ine;

BRIEF SUMMARY OF THE INVENTION

[0011] The present invention is an apparatus for recovering a desired gas from the
effluent of a chemical process reactor that utilizes two or more gas compositions in
sequence, comprising;

15 (a) a chemical process reactor provided with one or more lines for introducing two or

more separate gas compositions into the chemical process reactor;

(b) a process controller for controlling the introduction of the separate gas

compositions in the the chemical process reactor;

(c) an effluent line from the chemical process reactor capable of removing effluents
20 of the two or more separate gas compositions introduced into the chemical process

reactor;

(d) a check valve in the effiuent line allowing removal of the effluent from the
chemical process reactor and preventing any substantial flow of effluent to the

chemical process reactor;
25 (e) a recovery line capable of removing a desired gas from the effluent line;
(f) an automatic valve in the recovery line;

(g) a process controller capable of controlling introduction of two or more gas
compositions in sequence into the chemical process controller and capable of
controlling the operation of the automatic valve in the recovery line so that the

30 automatic valve is open during at least a portion of the time when the desired gas is

0.



(f) an automatic valve in the recovery line; (g) a process controller
capabl e of controlling introduction of two or nore gas conpositions in
sequence into the chem cal process controller and capable of controlling

t he operation of the automatic valve in the recovery line so that the
30automatic valve is open during at least a portion of the time when the
desired 985S tRe e'ffl'&ﬁwthﬁe%fsfal ;’.sja?p%f aleéeﬁeco o%itigﬁ,.r\/\tfhe% ti’% ﬁggesg%ﬁf?glletrlison’ wher e
t he process controller "i's capabl e of ‘generat’ing and receiving process

si gnal S by samaté ofgenaetitg end ragelvingt hecasheigneil b_ypsrignaés&wnleemmsofvithahel t he
automatic v %ﬂ?bﬁgﬁgcesar%acgorfangmei%ggﬁlgﬁ{?ﬁée%nii” the recovery |line capable

of renoving 't sirte a rom uent Tine in sufficient flowto

close the ¢ i t_ )] [ ntion is
al so a pr oc@ig?o\éﬁgrrggsgé\ﬁ}]et%?E%C%fé’g'&g@?rcghétgggf %&%#%ﬁggg?ﬂeﬁiﬁ tﬂg{m t\allfgcherri cal
proces$s r eaeffloenttihain sufiidient dswitowlose thenrhecgasve ornpe sffiuedi®ei n sequence,
conpri si ng; (a) Introducing two or nore gas conpositions in
sequence [POt2] tThe ezt takntpnds elss al@remstforrgcivecshgididegirechgasdesh tied gas,

through afy il 6o LRlifg pfRedL ctd?ﬁf?acf%ﬁ%e%g\ﬁfhgﬁw?\r,em é%?rcoﬁﬁ{%\{iéﬁ%ma” effluent

fromthe chem cal process reactor includi

conposi t isengermedcerhgrisitesi red gas in sequence in an effluent |ine;

(c) Passing the effluent through a check val ve having a crack pressure
setting; (a) Introducihg)iwRentwrgasacqrapdasitons of seghenes ihtadbachémioal prheessf f | uent

| i ne qypst r ege{ycﬁ’afr, iﬁ&@diﬁ%&%&%ﬁ%@éé@i@@’g%@% W]efttté 3 REr ¢ %Eé%s%%ﬁ&o?om ai ns

a substanti portion Ire erein the renova 0sés the

heck I : i trolled b
check val ve b)\%ﬁ?ﬁb&ﬁ%?ﬁ%@ﬁ?&ﬁ?%%[g:%P%‘Sc@ssrr%&X%Xltu{i{h&‘fhect% gro’ 1 €d by

an automati ng the eration o e“automatic val ve
by a proces®ospgry ginmpositions ghgHel destedroas macaoenasi in Anefbieatiiremat i ¢ val ve,
wherein the process controller at |east 20nonitors the introduction of the
two or nor elcydessbmposeiivenshpugiva checkopbie leaings gedserepaseseitingr its inl et
by signal comrunication with one or nore of the chem cal process reactor or
its inlet: @h(ﬁemoving a portion of the effluent from the effluent line upstream of the check

15 valve, which portion of the effluent contains a substantial portion of the desired gas,
wherein the removal closes the check valve, such removal conducted through a

recovery line controlled by an automatic valve;

(e) Controlling the operation of the automatic valve by a process controller in signal
communication with the automatic valve, wherein the process controller af least

20 monitors the introduction of the two or more gas compositions into the chemical
process reactor or its inlet by signal communication with one or more of the chemical

process reactor or its inlet; and,

(f} Opening the automatic valve to recover the gas composition containing the
desired gas from the effluent line during at least a portion of the time when the

25 desired gas is in the effluent line as a part of a gas composition.

BRIEF DESCRIPTION OF THE DRAWING

[0013] FIG. 1is a schematic illustration of an embodiment of the present invention for

collecting a desired gas in a discrete manner from a chemical process reactor effluent.

30 [0014] FIG. 2is a partial section of FIG.1 showing an alternate valve arrangement

using three-way valve 20A.



(f) Opening the automatic valve to recover the gas conposition containing
the desired gas fromthe effluent line during at | east a portion of the
time when the 25desired gas is in the effluent line as a part of a gas
conposi tion. BRI EF DESCRI PTION OF THE DRAWNG [0013] FIG 1 is a schematic
il lustration of an enbodi nent of the present invention for collecting a

desied gy dn AcdsSCL EL6MTANSY o8 8 Gle Cal DEOERSS £RGHG! 14 uent

30[ 0014] I's§"a partral “section showi ng an a al ve

ar r angengtiwrggeang of theeenwagsseal & en@0gstreafrO&F163 gldr@be8 30s a partial section
of FIG 1 show ng an enbodiment with a buffer tank 31 downstream of the
conpressor 28 and upstream of the guard bed 30. DETAI LED DESCRI PTI ON OF THE
| NVENTI ON 5[ 0016] There is a need to discrimnate and effectively coll ect
process gas contai ni ngDRT§H-RaADEECRIREONDE THIcINVENTHONI e gases (Kr, Xe,

He, Ne, Ar, Rn) as a desired gas froma source gas or effluent gas, which
desi red das816ls Taesd Isabhaeddn dariminatr and ¢ffactiveinddliert wacéssiyae chhwimingasi s, in
Contrast i % FAMERUONT of L0 0he &l [ IRl IR, I RTLS RLACERS: nSHCT 2 2
chem cal process reactor exe ‘sermi cond rocess reactor. It
10i s desia sadtagashertefiusat aapmmhamu@smd gaﬂ !ISeWBIiabHEOTHeBIFI’i@dH’EMaWDF interfere

Wi th the ﬁﬂé%?:ﬂﬁ%‘égls h ‘oﬁﬁ‘a R&&%Sc%nﬁ%uﬁl%wof e’H?{S t’ga%Egma pRLIGESS
reactor, ﬁ I on systemis attac e.a. 1S 1 ea enabl es
col | ecti regich he ad:@smwcaﬂp@asssbyadon@@mphﬁgd by atshmicooductol pregassaagctor. dt |

br 0045 GOBLY RLLETinin® GFRILEC 10 AN CAROBESRAINMS IR E iR AUt omat | ¢

val ve th I's act appropriate térnate approach is
to 15uti Ineﬂerraancgrﬂémmosmwu!pmmnetro:eemmhpr@aetssgﬁe@esgo whigbtter , such as

|0 Lhe eldoleieh <0 ﬁ%h%ﬂ%ﬁ?%@a koL 8RR fing BRULed 08P regéuﬁﬁ’“' d

detect the prese species o res
exenpl i f |t@dﬁeb<§0n$<remmfenane @moeeap@ttdﬁer @T@@B?s@ercmﬁ mrgbas@remeustmsmgame

recover yeagﬁcbrﬁé}l lv%%'t@& i ctﬁb't%@ 3991% éﬁe&rﬁr‘% étﬁ)rﬁeé)%ntﬁ%n%% 9{%&5&}%% ve is

controll ase ranmeters. The
syst M utlilze an onboard sensor aﬁer the chemical process reactor such as in the effluent line

from the chemical process reactor. The sensor would detect the presense of the species
of interest, such as a desired gas exemplified by xenon, and activate the process
controller to initiate recovery or collection of such gas. Actuation of the automatic valve
is controlled by logic based on measurement of key process parameters. The system

20  includes process equipment that provides vacuum and capacity needed to collect and
store the desired gas. Such equipment creates an appropriate level of capacity, such
that a steady flow of desired gas contained in an effluent gas can be metered into an
enrichment system, such as a vacuum swing adsorption system (VSA), temperature

swing adsorption system (TSA), or pressure swing adsorption system (PSA).

25 [0017] This invention addresses a need for a method to efficiently collect valuable
vented desired gases (such as xenon) from multiple process effluent streams that
contain the desired gas on, preferably, an intermittent basis. The method comprises a
system for monitoring/measuring the process parameters, logic for control, an automatic
valve to divert the gas when selected, a check valve, a vacuum system, and storage

30  volume. The interface operates by utilizing a pressure difference between the recovery
gas manifold or recovery line and the normal waste gas manifold or effiuent line after the
process pumps/compressors. Upon receiving a signal from the process controller, an

automatic valve, such as a solenoid valve is opened. The reduced pressure within the
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20 includes process equi pinent that provides vacuum and capacity needed to
collect and store the desired gas. Such equi pnent creates an appropriate
| evel of capacity, such that a steady flow of desired gas contained in an
effluent gas can be netered into an enrichment system such as a vacuum

SwW ng adsorption system (VSA), tenperature sw ng adsorption system (TSA),
or press Y. PSA)

addr casede o RO BT RLRD B A I e SMLaitna, THame B e

desi red gdbent §suohvaasthreeaveryflinemTinlsystpinealpr codsss pfobéssdngicés r eans t hat

contain t fer he met hod
conpri sessggecg\gez)f éﬁ\ng’ %n(?ﬁe ?&%G?ﬁggfﬂg%é Vﬁbr}j&&;%@% %E:Dess B% foe'gt%rt(g, | ogi c

f or cont rablt-ofafiovalit beepedes al interdsbodiasiret gabh e rpd prasken osahaiodregecias @heck
valve n 0 The. int C es by
i1 5 ng S Rl Y R B R B B L R BB,
recovery lbginearaaldo th@pemsataior Westinee gasiracfor trel sbetnles@f fnfte:essttorldes:eecbgfetser t he
process py / or U 0 receiving a. _si the rocess

control | & @Pé §§h§00§%rave?fr8m3 i%eun&’ﬁal C%S ('}?ae ve |r%i' oep%rned The
reduced muezrsaime/aWet Hihis it Iaecom;ﬂisbacebya:h adjesthbleazmayoh dwpmnafg andothesidg val ve
in the eff “Tme?n iLpne. . This now diverts the effluent gas toward the recovery

i ne. The sys ICs\é')a'com ains process logic to selectively signal when the

ec t d L& ff flow,
F T HE" s poatdl, B Sinefle LOM bR uIERAL HoBEE R e o il e R SRR "
speci es itke Biinesding, 4 Sfattofémjf/ej aeaams@tachmpdmomt@hal tmfleﬁmedomeeam recovery
t al te I d f th
Sheci os OlETRrAFEpIS Sl sfeet SR RERAR BoliBl) PEelo Vel S T e 1
chem cal rparoeessicfeeivoio darablehisolatenoy éng/chdnmeal grocess oxeatadrdrovathee. This i s

acconpl i dj ustabl e delay in the opening and closing of the
aut omat i 2%"3?%‘%8?0018} The interface with the chem cal process reactor

glra\)altl ;q/tg |mg ] Péﬁgr té@f‘eﬁ;ﬁ g%é EPT S%];n(?(fc’i%t]S‘StﬁI 5” (H]t% gﬁ cfah EQ%ES&E%%%l ona\f[]g%%cl)cﬁgllgi ng and
stresses ty;acq:ﬂly @%dlfteecgahige p(aspss purap pnd Heindrevistbreditiveuglaagasa mamifoldlor shut of f
R i L i T TR e A
react or, asuabiateaserdoc mrn@mg yysteal H’hlsanomrmbiuhgtoedfﬂaenttgaee@ewmw giwtps and

th t ff f

nto a couaoeery fltf eonBodn R ho e Rl o bt kBB By ABRLRLCR, )
scr uBBi ndo siiisieotly prohess t@@mnnge ihegpoticebf Ilnteeeﬁt @ds%@d@@ﬁ@ﬂ!&b@&er}dl Tiuses t he
process &fif Hé?&%sfé%&‘?ﬁé hb QR g@é@%f fn?&e&%%‘ Je‘pger%"f‘e% f?(%]m il G&h&SdemdHRKI NG 1t

very diffic to efficrently proce e specles of interest
or desi r etregms pfior torasivay éy the cThomn hetades Eméfﬁtefcabqe ecadmptisherethdelebiresi gas of
i nt erest f ival in
the co ngﬁzg] rg&ﬁggeﬁi&@\{aﬁggﬁggg I%ygﬁ%b?h/%gﬁe% é}é%égsgssjgrg? é'lrsnt er est
i s di ver teed entraagadte thheometoomeaglers@mmmavfberdl\tanempmee%p@fmmbém and

por 1 aPred R B B R e b A o & RS Tr o T o o

process g:ﬁg@@at progergiventier. Such disruptions could cause failures in the manufacturing

process that could lead to yield losses. Thus, the waste gas collection system should be
transparent to the chemical process reactor. This invention enables efficient and timely
transfer of effluent gas, which contains the species of interest or desired gas for

30  recovery. Furthermore, it performs this transfer in a manner that essentially does not

interfere with the processing within the chemical process reactor.

[0020] Another problem this collection apparatus solves is that it enables collection of

gas streams or desired gas simultaneously from many process chambers, that may only

-5



chem cal process reactor. Such disruptions could cause failures in the
manuf acturing process that could lead to yield | osses. Thus, the waste gas
col l ection system shoul d be transparent to the chem cal process reactor.
This invention enables efficient and tinely transfer of effluent gas, which
contains the species of interest or desired gas for 30recovery

Furt her this tra sfer

t hat d
ot e eratdes P R i T et o R e S BBt o 0
[0020] Anmetfoens piofohetonttdyi rscaidhd elghalglfroﬁpa)@rcﬁ}taﬂﬁcaisﬁilo‘ﬁeﬁ neSctbhaatltat enabl es

collection,of gas s ams_.or e a | t anepus from many. .pr ocess
Chammer o Bhfint FRSe VS8R0 wreR Hetiesles ofe S b B e A BB BT oot ST
an inter rthé Eﬂnéntmﬂm&éamTfﬁ@ﬂhW&J‘ré aQEerrEGTafpbémtotﬂei ea)ef:ieamﬂwhamrth@yedoeeﬁi vi ng
signal.s from an uent

Seronh S BT Waith BT ER d PR altbebigteftitb ePeine Mo B8Bm  n the

ef f | uent ngasa&mﬁmd 1gl-_raléfrb&ftﬁt®rc?emlcﬁl ;irb;&fse rh@cn@eimtﬁre-db[&rmmfemn&sng/\ﬂm ch the
t oes no wan cC | nterval.s e rocess,

O eer Y B S8 By M s & .%ﬁmgﬁff%arﬁﬁawsbee%wﬁe@ bl e

process rreaskesssyden.pre-determned timng to discrimnate agai nst these

portions of the effluent streamfrombeing diverted to the recovery system
[ 0021] THeoxar rmie ridronat faky qifrpm@@ss ggak thmutghltm«g‘rentldm pﬁdmem's mlctqmtcoaess

reactqQr to a 10 @p ef Il uent ne, of -t he cheni cal
rocdds Rades P piESleEhihe R e Fouta ket T ThPERRMT R ut ar
cryogeni G;,anzmdnmyftﬂp& orludinae tmmldcolaacckyo@aauchargiﬁlﬂmwpe pliim@s & punps
are then bﬁe 9,, %\R’ %Egechanl ca rg)?ﬁ }/(\/n chucon&r&%ﬁsmt%e ef fl uent gas
For exnadeneng NoRRapR e TR et R e e oy R SR R B ca 1 y
per f or medviich ctcmmesé {he effﬂa@m'r@dm for exhdukiing. sAtdhe trieeh@‘fididl pemb, gasgert 0 dilute
15t he eff] uent ﬁel 0 a dose eveI & el p cool .the
or 0cess §eptr B lovi e (BRI TP ke Bl E oS0 R | cas.
Ther GSWayhé)efflaéﬂitq;asrbemaBmaf mSeaéihlsng.sz} tobeip cdol the p:m:essﬂ\pumh ks itpoi nt, the
ef fl uent gas .t hen trav throu Lé exhaust gas
i £ of o SR 2Bl RETh 36 e h o ol Zho ey be Bh8Featiss

adding nitrogen dilution. At this point, the effluent gas then traverses through a gas

manifold to a larger exhaust gas manifold, where effluent gases from many processes

comingle. In order to efficiently recover high valued species, such as desired gases

20  exemplified by xenon, from an effluent gas, it is desirable to divert the effluent gas

containing the species of interest or desired gas away from this collection manifold and

towards the recovery system. The reasons for performing this diversion include:

presence of species of interest (desired gas) at high enough concentrations to enable

efficient recovery, reduction of contaminants from other processes that could poison or

25  reduce collection efficiency, and reduction of the overall volume of effluent gas to the

recovery system to a volume more manageable for the size of the recovery system.

[0022] The chalienge to placing a diversion system onto the effluent line of a chemical
process reactor is that the diversion system should not compromise the process
underway within the chemical process reactor(s). Any interference with gas flow has the
30  potential to disrupt pressures, gas flow, and pumping efficiencies. These could lead to
process disruptions, which could result in loss of product yield. Thus, it is desireable that
the reactor interface perform in a transparent manner to the chemical process reactor.
Another challenge is that oftentimes chemical process reactors perform many iypes of
duties. Some of these may include the species (desired gas) desired for recovery, and
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comngle. In order to efficiently recover high val ued species, such as
desired gases 20exenplified by xenon, froman effluent gas, it is desirable
to divert the effluent gas containing the species of interest or desired
gas away fromthis collection manifold and towards the recovery system The
reasons for performng this diversion include: presence of species of

B A L S A R Ak
or 25r edmamolnwmgiﬂmmeifrﬁdscii@mﬁiearmblartecm:mdt@nd @fodehethemﬂ!ﬁnt g?/eol umrsl of
ffl V. SV

o Lot 38y AN BAeUSE SR At T, 181 5. TRRORAN AP 0L,
system orgas cohiaingfdf thaeptciés m‘éntefesa(c_relsmﬂ gad), theeoeight bepetent dﬁ_ser':] _hat t ':1 Qe
Cheer 8B SIS LSOl D5 BRI FHBYIAE 0,

30pot ent icalledt.o Odiestimed thpse sgaiaxsare gastrdyedwuriag thepurogrsa gindfitfis onlgnci es. These
coul d Ie%%cto di,srupti could result in | pr oduct

t i.ch t f
CPuld. | Tt RSARef i PR po ST a5 e RS bbb BS BpR, Pr 0
1 0] e, t Bindilyethehemeadte LS shanaiaalt Arsziches padsaht, i
t[}g?sg?'z ﬂtqﬁ%ee 2 P?grocgg rnmtors \Paé?for:&mr?;n tttceozp ofa dﬁ??gsl.s
Some of tHEAE Rlied e Treirey aS i o ae R R B HS  ccovery,
and 18t ofthoerit sidesisalildie Isgvedhe samibiliiynfoendaspendetalyipeddrng dsdiranmasibterdien par t
s .stream ri,n

Ol | oot ©ah B bnefgarphacest f%lé\?éorﬁe‘)ﬂ%{é? ﬁ%ﬁ@@i{%%’*@%i@ia@%fﬁf t@%ﬁﬁeéjf@*vrs?f&'e%t °
col | ect AN . 7 !
Loot i ot 10630 THIBRASH oMt TERI Do Bsef UELAGH PR AL ELLB 90505 908

ot her 5spbelages tdiahablegaaiteerdrecabetof dosirad gledrdno atoheesg efiluentygasyst em i t

is i napprs?rgglinat e to collect. Otentines these species are destroyed during
the process and it is only necessary to exclude themfromthe collection

o t enomuittoef1e THRES 3] S Bngbok N REERE P plaBq 4R ARto ol 7,100 (e
desi red gasmicat predess reector e diverting atodens efflnentigmstto biresvent sieal. sThel 0Thus,

|t 1S desibabl 6.k 0ed RNGis IRBAAAPARIhEY Ind RichOSeRSTAaRt s A dRLMAGs| red gas
di version at each chem cal "process réactor towards € collecti on header
for the rewmtaceytheynesnhefiodRB]of T exhegstiatfoent pirepf oeorinaveperatom, Hedr esses
each of te%eﬁf @ésef'i%%tﬁo%% &Pﬁ Eteé‘?r%ﬁerQ rspgﬁ{!g%'b'o{?ga{?ﬁJs'pﬁéﬁc!‘;BreEé?ﬁé’Y&éé’ of
desired gas Troma process ‘e uent gas stTeam
20  psig). This ball check valve only enables flow of gas in the direction from the exhaust
pump to the effluent gas manifold. The reactor interface is connected in via a tee in
between the process pump and the ball check valve. The interface consists of pressure
gauge (optional), an automatic (solenoid or pneumatically actuated) valve, and a shut-off
valve to enable safe closure of the line from the recovery system, when maintenance is
25  required. An electrical reactor interface controller is attached to the automatic (solenoid,
etc.) valve to open/close the valve, when effluent gas containing the species (desired
gas) to be recovered is present within the effluent stream. Just before the reactor
interface unit, a shutoff valve, analytical port, and flex hosing may be attached to the tee
to facilitate servicing and to reduce vibrational coupling between the chemical process

30 reactor and the recovery system.

[0025] Upstream to the recovery system, a compressor is present on the recovery gas
line. The pressure within the recovery line is held at a pressure below the normal

discharge pressure of the exhaust effluent pump, typically the recovery line is at less that
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15[ 0024] There are many options potentially available for placing the
systemonto a chem cal process reactor for diverting process effluent gas
to a recovery system The nethod pursued in this invention attached the
interface upstreamto a ball check valve |ocated on the atnospheric side of
t he exhaust effluent punp. In nornmal operation, the effluent gas flows from

the punp 1a£t gﬁﬁeergs\‘}\/heen%é g&%gﬁa |9§s%¥e|= ow o %We!igaﬁhg%gi%:p%n(tgbggﬂn %993' g).

Thi s bal l val ve only en gas’inh tion om t he
exhaust piqusimmtathe redovbryerystegashamediéanl ghessthe caweas tho balintheck aalee tes

Calve. ! Tatulod fvbod Rk Bt B SR B8 BBRGE R R et ot
(sol enoi dnarrlfotﬁmtmu i Eraalce:ys @“&mmgesl)hemailowe ouboidha estrutst effifientalusne ard enabl e
safe gl osrg Qtnd Reoldne, AT NS IEREY Hierihe et 0Sh TRL DL ERARGS 1S

25requi r n Feact ace co achedoto t he
aut omat i dlopwdlgents the retave)y syateng this rapassdhobal \mt‘ren treel hedl chatievalef dncuent  gas

cont ai ni r S). nt within the
o 11 uent "DePBS IRSALFE B Fr e Sheich o OFor B RUER Kieto PR of 1 Vel ve.

anal ytlcaharpforct, and flex hosing may be attached to the tee to facilitate
servicing and to reduce vibrational coupling between the chem cal process

30r eact or[G&Zﬁi tThhe matepaie ofcapitiaion qfﬂmpctUpmtarbaﬂmald belertegdignyd syst em

a co res resent on t ecover RLESSY hin the
Fecollry s TR Mo RBeg L SBY s ehle Hoouek RaRbERa e PHbeLl o o
t he exhaﬁﬂlueef@dzmm dmm,theymtmai bymp hreayeechserty this teenpesatate. | ess that 1
at nrosphere. \Wen the automatic (solenoid, etc.) valve is activated open to
begi n gaq0oR7}erBkdcansd hetdwaay beemynSWEMhebﬁmenMnmeoqua&sure causes the
bal | check val

1) | ow of f ffl , " i fold,
ond df verpapgtatte haehaltt e BcpBE RhirleD s Bty Stest 1R e RRI s
t hen fl ovbatantblet shihteofeo@hiaeugas emédsimenWh@uﬂmsaadecﬁemnarpd&ehheTmec?\l/eey ¢ s

t t ow o

SootRE | SonBurs REpbRLs R et PErBLBEERE REbRER. thefe P TpR T Skess ok val vo
ap]gl 3253:3IaexslyterewAmbtr@ameagmgmgged?tehds t@lae:;ae r:abro]?esmﬁgmr!s’etaiutm§ t '?htehe
eactor (NI PLREe IR HORBRECT Yl En e ANt S0l DesiR Pl v Elety o
100C. ThlS@@CiBS pregfresaib) ejsmba:mmﬁﬁnathe dfeilgpelsmamteemﬁemlmet @btéasenbctgas as it
depar ts Uiyg YAGHUM MDY PGt L0880l R LEIPSI AL £orkfO2F]  Recause

t here may stream c a8 ihdest M anl e

mat eiZDal dine ahealed possitdai ¢ control ler is equi pped wt h process | ogic
capability that enables shut-off of the gas diversion, when these species
are presdb@28] Thihe appardies dristoneedsrof thenprebanrt infentiayweill nomdbaudisegbed ihe use of

process SERSMithaficht Win!rbiRFerRE 9§ BRiFigures.

[0029] In FIG. 1, two or more gas compositions are introduced in a prescribe sequence
through an inlet 11 into a semiconductor chemical process reactor 10 o assist in the

25 performance of various steps of semiconductor fabrication, including etching of a
semiconductor substrate 14 mounted on a platen 12 and/or cleaning of the inside
surface of the reactor 10 of by-product inadvertent depositions. The substrate 14 may
be one or more semiconductor wafers such as a "boat” or carrier of a series of wafers
stacked on their edge. The substrate 14 is introduced into the reactor 10 through a load

30  lock 15 from a load chamber 16. The reactor 10 and the inlet 11 can be controlled and
or monitored by signal connections 89 and 98 to a process controller 84. For instance,
the process controller can monitor the reactor 10 through signal connection 99, adjust its

temperature, control plasma conditions and maintain pressures to set parameters.
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anal yzers. Anot her nethodol ogy adopted is the use of process signals from
the chem cal process reactor and conparison against a threshold to
determ ne when these species are present. Using a conbination of signals
fromthe chem cal process reactor and analytical is another approach to
addressing this issue. Signals fromthe effluent 20line are al so possible.

0028] T - . : ' ' i | b
esor 1 bedo? Rlb Rahlch, Bt SRR ot AR TRE bl BY PR B8 Yblsy " i
1, two orcombpieddyssigaposictiionss wribe pricesdorenliemba spelrebeat & beqisagaehce
th h [ 21 ] } ] ; . 10 t
assi ot 1 e s ol fedufbote AT RN Bh N BESIT 080R0GR  Cat Pon,
i ncl udi ndeagtohé ggs odmpositenm aotedticd o desitdrsyasdb elebiental fovtreat novecu!gpifaten 12

d/ I i f i.nsi f i J t - duct
hadver ¢ oSS e e RHleh S et MBS AL oy BB onauct or
waf er s suehoasiflact|dsoiadecrmperedivgdecthe @osdtiorasn dfe watter $0, sndckereram is hei r

edge. The r.at 4 ]S e e, r 4 | oad

S0 ock 12FHERI Bedburd i BUFENE TR MG b S0 SERTHE plde PFENY 1R b
control | edadadi®r nonitored by signal connections 99 and 98 to a process
controller 94. For instance, the process controller can nonitor the reactor

10 t hr oudRO¥i]griffluaro finedhe cract9, 10adp wsbs thrsughenpentiabairsecombiotd Gickglras ma
condiybi 0NN, AL Al B&xﬁ@/ﬁ%@%s&&r %eénapeﬁnr?aﬁ&én fifte 1§.[ P03 Likew se, the
fl ow of various gas conpositionsS can be mnonitored and/or ¢ontrol | ed by

si gnal caentuesdhroggh behetievaireodetist premente bheiflodhf eflueht toatdsahsequence of
gas COW%&@&P’I& fIIeecHe@Iz (Q0YSE% ééIWhtaII%mIrﬁ@rﬁtcPJck%g ptéégs%ggm%ﬁe inlet 11,

i ncludi ng at | east one ‘gaS conposition contal ning esired gas in

el enent alrepresents thenpbesud ar wiioh iwilbependr atpl dowenk delvey whieh itntilk ddgectoi on of

xenon di f i ere the xenon difluoride is deconposed
under th r%\éﬂg%?%k(@ﬁ@t%ar?h@@:}e%g% 8}?@10, and the xenon is desired to be

- i i i : I f th
Feactsr - 1008 G HRB R EEFL e Aol uERG H ffoR0ve b A 02d, aifiRe. f 1Ne
opt i onal vwayowine 3WBadhdwe ke AIG. 20¢micalac bx leawityedtd Hiventhepeffiggrd gapr essor 19
d f i I i I 20
and, an_ ohiaaind LBs,d oy, Shilanka ROOkERHE L RO AR Yl ve 20
20 is setpreirtrad to teshetinyatveaaiirearhp bessae 8)eramidsts the pessddity $hat heespuressur e
at whi ch ég&lﬁ?%’:cwd%gur} it theAl e @it Ii%é?%%f’co%@[ :%g%k‘n% :%réstsw\@ withigtgse to

prevent b ow toward the reactor 1 anot her configuration,
rat h@P t Hupcassirerster. dtomeken fnreogesser thet aregab as aendifivedo changes in

pressure and flow, this method for diversion may be acceptable.

[0033] Effluent that passes through the check valve 20 is sent in line 22 to an
abatement, scrubbing and vent system 23 to decompose, burn or sorb toxic, hazardous,

corrosive or global warming gases, before the residual effluent gases are vented.

25 [0034] Arecovery line 24 is connected to the effluent line 18 upstream of the check
valve 20. The recovery line 24 is controlled by an automatic valve 26, which may be a
pheumatic actuated valve or an electric solenoid valve or similar automatic valve capable
of operating upon a pneumatic, electrical or other signal sent by a recovery system
process controller 104, which may not necessarily be connected to the process controller

30 94, such recovery system process controller communicating with the automatic valve 26
through signal connection 95. Process controller 94 and recovery process controller 104
can be discrete or their functionality may be combined in one controller for various

embodiments of the present invention.



way valve 20A, shown in FIG 2, could also be enployed to divert the
effluent gas towards the recovery system This nethod for diverting the
waste gas may not be preferred to the check val ve approach, because there
exists the possibility that pressure spikes could occur in the effluent
line, which could inpact the pressure within the 20process reactor.

However pr t_.ar S, | t Nges, | ure and
low il QS HBETRERRg} IRl cas® bR ER bint e MBHERR R b'n BREOE e
passes t Hinewgtiicntd tbatgwkvandd vieralOns Sors deingitrankinitied 2&héndram thebadtleare ivg

SO D! o FTe Sy ISR B W2 SRS RIP 2 RN Rl T8 B Rty AR Jous,
vent ed. Zﬂhmét]e mamtmtlpv:@lsyd bif lfremZthe efflueotimectoe thstance Frer sefvideyswytmanuae 18
upstr%ams%t tffhz%l% ck valve 20. The recovery line 24 is controlled by an
aut omati ¢ val ‘which may be a pneunatic actuated valve or an electric
sol enoi d C[Bﬁéeﬁ @Eorﬁbn%!séo%ﬁ#gim%d ifs tNeaJe‘é8¥eCrgRﬁé°b£to°Fem%98reﬁhx'epﬂrrém% a
pneunat i ecifica other signal” sent” by a"recovery system process
cont r ol | effiuEddlinenti whemaytometic vadeed6 Bradey. Boe compaste?d e cehablpobcess
controll ecqQye I 0 oM ng W|th
t he aut o%?écqr?%thle ecsgg,fet?(‘{?%eu,f%o\?é’rg, %;)Sﬁ%g@%t'gn%g&tﬂﬁ%égss cgn@%h er

and r ecoweivg Afradesess Toe praselileatifferOdtiat acrobe clibckombre @0anudt heihighlentienitomal i ty

TRy 38, S URIPEIAIEE FRBMER LRI Jr1, (AL |5 ARE A AR B lad fi B eSeT!

€ récovery Iin Vi b atlonlsola ed Tormthe
ef f | uent dffiuspt @ B/may bbeimehb@tritm reeogerdine @d. Thistwatld peay éwpically wbemthieons

from bei ’?:%s RS G4 pd CB% i rm)IIt 8eﬁ| uae fhl?eent s b ggovery line
s IcBbol it (1€ o i tilnd]

24 or fromt e recover uent overy line can
al so be rmqu%deyofmmsiectm@fdf gfas oampmtlcﬁfsflmtuém relammewwmemtmﬁs@@weé ghers

the r ocoasHBR o dRAA e ori B ias e SPiREs B UTRS FRRRMER diRpab e,
aut ortat i cdesméd/gaﬂs hemgcqueaust%&omdh@rmmoﬁO%theﬁﬁdl@pab‘leem)ﬁmeﬁmmng t he
pressure d é % n%lco%Ya%r égﬁéﬂa’égd fihednd; 5’?‘ ¥ J?#ov%fafnd%@éve‘d ellsﬁ‘ed g that

check vaIv ressure ential across ve 20 nust
be hi gherfranntne etfﬂﬂ@nmovaelksur@tqmetk)swvéanmustflmv ie e idoreal ar@/cz@ontmﬂetirbws
manner t t I ted
into recg@‘:’e %}CF%\SeC(%'ZJO‘I#% th%%érég%}@‘né?c()t%gé%%?% %Eﬂ&%g&ydte@ﬁ?gédl\égas isin
t he gas cysiposprotess whtrolles 164 Bhagasignal Qdmee@fohl%émthel autemdiic vaiee EtheAs

sequegce s(?e;te& QB&.%d é%gﬁr&tﬁ)&ze&aﬁ?ﬁ@ﬂ%ﬁeﬁé 8Pt§16fr :ﬂ}n(?:tlctnhshccfn%%cplﬁ ohd when the

desired gas 1s 1ntro reactor or time del ayed from
such i nt rcodtieltar oM onteima the composition of the effluent stream is a!so possible.

[0037] When automatic valve 26 is open and the desired gas is removed through
compressor 28, the gas is then passed through a sorptive guard bed 30 to remove
corrosive, toxic, hazardous or global warming class gas constituents that may be

25  included in the desired gas, along with other gases, such as inert gases exemplified by
nitrogen. In an embodiment of the present invention, shown in FIG. 3, a buffer tank 31 is
situated downstream of compressor 28 and upstream of guard bed 30. The buffer tank
31 moderates any pressure variances as different reactors 10 feed the desired gas to
line 24, so that the beds 40 and 42 see feed gas of a substantially constant pressure.

30  The desired gas then passes through a check valve 32 in line 34 and is alternately
subjected to selective sorptive separation in parallel switching sorptive separation beds
40 and 42, alternatively on feed sorption and countercurrent depressurization and purge
by alternate passage through one of either valve 36 or 38. In the case of xenon being

the desired gas in a carrier gas of nitrogen, the nitrogen is typically least strongly
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15desired gas is being exhausted fromthe reactor 10 in the effluent line
18. This timng, sequence and del ayed, phased tine to discretely renove and
recover the desired gas fromthe effluent's overall substantially
continuous flowis nonitored and/or controlled by the process controller 94
through its si gnal connections 96, 98 and 99 and the recovery system
process ¢ S . si cti L val ve
26. As 2@%§é{b§8 abg\%/gr%e%ﬁme&cagntargg t%afcgé?ﬁcgnytz 8|ﬂd59§%&r§[ @m%rsaat%hgj unctl ons
conbi ned thnmugimémdmnitsrﬁl@ldré@ unkstirbex, mmnge tHeexenomposdsoried @fthe kdsabehtuent

SLoeam ! Sn@bsgs ROZH B oy BORK (U B A BUBY i NELYE TR oo BT I e

t hr ough &hataretn Yeedysashdadyedhr Bioe aaoore@rmseemwelyotnavmd trodeied is iaaeraofﬂous or

g P dg !

gl obaly waL 83?318 ﬁ@ an9§§689§§¥s@&§§&we 5“@ g Bﬁsg%ngg&%gd Tha bte*c]e desi red
gas, aI ong W Ses P AeT { gases exe nrtrogen.

| n an entibati s dihisbéd felmd iptleseddpreégruerdd aniptestiovamtly mrﬁhgﬁve{!}lesﬁélbcufaﬁer t ank
3l is sit e wnstr.e essor 28 an ps ed 30.
The bur t bR IMRLHERRe R TRE8 SR P arr R R b B 7P coc or
10 feed ttht@ugiesmewtmsge anki78eo 2dlecsihetdaatant hvex béasindOrnatyd Ths sme feed gas
of a substanti al constant _pressure, 30T e. desi L n sses t hr ough
o cheok vaRPSEEnEd ik el SRR 4 epalh RARU R L Pet R Tat 23" IBRCC T e

sor ptidve epaestd drsirad gl algl eéncanisticthargosprassed & ax:lﬂﬁwnaituomprbmd:s 780 and

our go by Al P e RiedE e BaPl o R SRR o SBEIT R B TR
case of memtdrg@;mgorﬁhee@@@iaaﬂdazgamugh cheakarahiech4 arak abérnatetyravgien, t he
ni trogen 35 eﬁcﬁ@élf’ %glvg hg%ﬁ& gﬁt rPge%}grQéHawhﬁledérQ pcl?on(ijalﬂgr %eo{wﬁ)e%‘?amesr %B as:

acti vat ed ¢t Zeorl'i S an asses 't e be $740 or
42 unadscanlde&i,ishhmbé!l&djehe(ahemanmmiss)beieglremmxeldeforar@mebmmr.esamgm deds 40

hat 5 o TPy BEHNE ERRR0 RbARicd P i SRR HoGRI A &t 0 ced

is takenfaf.f 5 feed by closing valve 36 or 38 respectively, and val ve 48
or 50 respectively. The bed that has finished feed, is then depressurized
count er cUPoE]t |y atitiitioutgphrevalerieg telswbedéesined e ciuicheis kenem foogthelbiedes 68

SE?QZOt g% é}'@i {5036@ ?e? eﬁ\t égﬂjsgééugg%oncﬂr%)glgg §Qﬁtet¥1ﬁiagégt8q%ﬁ ré]'ﬁoJA' to

cont ai ns teaedbhe desiesi gasd)yg?azswa;tuotmoa@ot@hb,ncomwbamr\i’é tF(urthereorgas | n l'i ne

24. hhe H‘ﬂ%%ﬂ&& So%girgd‘;gé B deso &jfr&ﬁﬂ%@oet 54oféHdtIter5Cyt 5@%@5 ed 'n”

addi tTona corrpr sor Can be Tecyc the rea
further ok esdgiangpases, s‘ixerrwﬂfiectbméogﬂn mtno@cgticbinrag@ﬂ M&amﬁalg&r%lvaWd 92

through GRREK o¥al k8 @eﬂpeﬂaﬂg oﬂ'v&fﬁéb{‘@%ﬁi{}’ 9[3:15‘;9 o?\so%%ﬁatssﬁ%og \@dégé Pé’gga-nd 88.

Preferably, while onhe con contai ners ei ng
filled, tth@de?elﬂwrga@cﬁwmihnaorh@t behaedesdard4or renote processing and an
15 enpty container is being connected to line 82 to be filled when the

r emai ni nd0@¥t aiheamrésoveigd and[LO8a®Ed lgas adusttiants ofdhe gapvertinegditrtishash bed
desi r,gd r.om. te t
dopr GSsurt B5p R berRartEROR ok RBNA BRI AR AL Ry aRPUEFE RO
desired dhrouply velveg@endn0.cesrhstveld thypecenpreddn bne 52. vagridand lipe 56 to

the effluent line 22 to be treated in the abatement and vent system 23 to decompose,
burn or sorb toxic, hazardous, corrosive or global warming gases, before the residual

effluent gases are vented.
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20al ternatively, desired gas can be desorbed fromthe beds 40 and 42 by a
carrier gas, such as inert gases, exenplified by nitrogen introduced
through line 58 and alternatively valves 60 or 62, depending on which bed
40 or 42 is on depressurization node to purge the desired gas fromthe
sorbent in the beds 40 and 42. [0039] The unrecovered and unsorbed gas
constituents of the gas m xture, diqi }ﬁ@@d 25in desired gas that passes
substantially unsorbed t hrough beds 40 and 42, are renoved through val ves

48 and 50, respecti el r | i line 56 to
t he effl uent Isli' ng%fga%ta %at%éefgf %gggeg%rﬁid;g%ﬁjgggégﬂ §'ﬁ;§ﬁ? eﬁlﬁ%ﬂt&é%ﬁbhg@gctaém 23 to
deconpose, burn procsssrrbattoxthet uthizesaivdousnore sepaatevgasarongiosians war m ng

gases, before th ' fluent gases are vented. CLAIMS 1An apparatus
for recovering agﬁgjglﬁé%ggég%%’omthe ef fl uent of a chem cal process

reactgr that Utiea'gzagﬁugmw\%é Ploclsd %aﬁt%Pg{o%%dQﬁtﬁ o%%?éﬁ?dré iAol RrSaggNCe:

conprising; 5(a) process reactor provi w th one or nore |ines
for introduci ng twiworr moreserepaie ghe cyasosiionsosip theotteniical gradees ctestrircal

process reactor, h%\r[’gﬂg@%i 39?@"689%35%%0593 %Jm:mﬁ)érocess controller;

(b) at least one in cted to em cal process reactor for

| ntroducing the SSRALALE,MARCFOIPASELIONR dialihf oFREl EabiopipCesS

1l0reactor; (c) uen I'ne fromthe chem cal process reactor capable
of renoving ef fl uemtgdoting e saperale gaw rempegiinatiethgahermap bwicessons
intrgguced into the %gpgrm' cal process reactor; (d) a check valve in
the effluent |ine a? ow ng renoval of the effluent fromthe 15chem cal

process reactor &?gn@ﬁﬁ}éﬁﬁﬁﬂ%rﬁm’e méé?@[r(dc%gs fd=or b piid bueRloving the

chem cal process feactor having a set cracking pressure;. .
effluents of the two or more separate gas compositions introduced into the

chemical process reactor;

(d) a check valve in the effluent line allowing removal of the effluent from the
15 chemical process reactor and preventing any substantial flow of effluent to

the chemical process reactor having a set cracking pressure;

(e) a recovery line having a connection to the effluent line, upstream of the

check valve, capable of removing a desired gas from the effluent ling;

() an automatic valve in the recovery line having a signal connection to the

20 process controller;

(g) a process controller capable of controlling introduction of two or more gas
compositions in sequence into the chemical process reactor and capable
of controlling operation of the automatic valve in the recovery line so that
the automatic valve is open during at least a portion of the time when the

25 desired gas is in the effluent line as a part of a gas composition, where the
process controller is capable of generating and receiving process signals
by signal connections with the chemical process reactor and the

automatic valve; and,

(h) a compressor in the recovery line capable of removing the desired gas
30 from the effluent line in sufficient flow to close the check valve in the

effluent line below the check valve’s cracking pressure setting.
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(e) a recovery line having a connection to the effluent |ine, upstream of
the check val ve, capable of renoving a desired gas fromthe effluent |ine;
(f) an automatic valve in the recovery line having a signal connection to

t he 20process controller; (g) a process controller capable of controlling

i ntroduction of two or nore gas conpositions in sequence into the chem cal
process reactor and capable of controlling operation of the autonatic val ve
in the recovery line so that the automatic valve is open during at |east a
portion of the time when the 25desired gas is in the effluent line as a
part of a gas conposition, where the process controller is capable of

generating ang regelylNgy RLPERHS 155K aPé/cyériegigé'inaﬁcﬁﬁ%ﬁﬁwhﬂi@été%\R/ighthe

chem cal process reactor and the autondtic valve, _
conpressor in thé&ereewestineldnddn §apabineruicatienwith iy affieent g dewhnsgrgem30f r om

the ekfluent |ing el Bn [ ve 1.t
ef fl uént i ne be ot!\7vé]tC E@%ﬂgﬂt\:gﬂvg%%wg&glp g(t:(?zﬁﬁg E)rggfsﬂﬁefééap\ségf[etoﬁrr%tgrn‘i@'e The
appar at us of d adtedstiamariaditreygas easenositiens tnigeieffluenioitecomuni cation with
the recovery line and in flow conmunication with the effluent |ine

downstream 50f the connection of the recovery line to the effluent |ine
capable of returning at least a part of the gas conpositions to the

ef fl uent |i ne.3. 3Thaaepapipachflagm drwharein thelchagk valve hege sehedit togloge has a

set point 1o ¢ 0GR BebNGoRBERBLLARIAL.L he compressor. 10 4. The

apparatus of Claim1l wherein t recovery line includes a sorptive guard
bed 4§ renove corrosive or reactive gases fromthe effluents. 5 The
apparatus of Claim1l including at | east one sorptive separation bed

4. The apparatus of Claim 1 wherein the recovery line includes a sorptive guard

bed to remove corrosive or reactive gases from the effluents.

5. The apparatus of Claim 1 including at least one sorptive separation bed
15 capable of selectively separating the desired gas from the effluent gas and
connected to the recovery line.

6. The apparatus of Claim 1 wherein the sorptive separation bed is connected to
a line in flow communication with at least one storage container capable of

20 storing the desired gas.

7. The apparatus of Claim 6 wherein an additional compressor is connected to

the storage container to compress the desired gas.

25 8. The apparatus of Claim 5 wherein the sorptive separation beds comprise two
sorptive separation beds connected in parallel by flow lines and valves

capable of being operated in phased connection to the recovery line.

9. The apparatus of Claim 5 wherein a buffer tank is downstream of the

30 compressor in the recovery line and upstream of the sorptive separation bed.
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15capabl e of selectively separating the desired gas fromthe effluent gas
and connected to the recovery line. 6. The apparatus of Cdaim1l
wherein the sorptive separation bed is connected to a line in flow

communi cation with at | east one storage contai ner capable of 20storing the
desired gas. 7. The apparatus of Claim6 wherein an additional conpressor
is connected to the storage container to conpress the desired gas. 258 The
appar at us of Clain15 wherein the sorptive separation beds conprise two

sorptive separ@tk g?orqg&@gﬁrﬁggbare%ﬁ% Al o‘rz‘ﬂ thl@yeffﬁtLW"o#é Desnidqd valves

capabl e of bei ng era to the recovery line. 9. The
apparatus of d apnwn@sa/ﬂeectermaautmaéswoQranwelggsetomngw@a;nn@eqwame
30conpressor in (ﬂﬁ %ﬁgovery | ine and upstream of the sorptive separation
bed. 10. A pr 0céss” recovering a desired gas fromthe effluent of a

chem gal process (Eﬁ&f&c@f n%;*%\% ol iotd ﬁég‘sgct;%sﬁ:onw &cd8%c SRS Lhd QRS | N

sequence, conpri si I'nt roduci nmore gas Cconposi £ions i n
sequence into the chegksnieapiondesiglingtietdesired gas, thibwah amigletitssiheed gas,

through an inlet to M]ﬁlcggbggae%glreﬂ&cess reactor; (b) Removi ng an
effluent fromthe cRem cal process reactor incl ud| ng the two or nore gas

conpositions and (er% &gefﬂ 'ﬁ%ws E‘éﬁé‘n‘ﬁ%al ﬁo@é‘ss%éétb‘ﬁﬂ&ﬁ&% tHL%wo

(c)Passing the ef roug val ve 'having a crac essure
setting; (d)Renovi ngr@moogasi emuskitioheard teueatred thSﬁéu@TOBIHmemeﬁiuenfe
upst pgam of the chelﬁgvalve, whi ch portion of the effluent contains a
substantial portion of 15the desired gas, wherein the renoval closes the

check val ve, suchepassing the effluent through a check valve having a crack pressure

setting;

(d)Removing a portion of the effluent from the effiuent line upstream of the
check valve, which portion of the effluent contains a substantial portion of
15 the desired gas, wherein the removal closes the check valve, such
removal conducted through a recovery line controlled by an automatic

valve;

(e)Controlling the operation of the automatic valve by a process controller in
signal communication with the automatic valve, wherein the process
20 controlier at least monitors the introduction of the two or more gas
compositions into the chemical process reactor or its inlet by signal
communication with one or more of the chemical process reactors or

their inlets; and,

(fy Opening the automatic valve to recover the gas composition containing
25 the desired gas from the effluent line during at least a portion of the time
when the desired gas is in the effluent line as a part of a gas

composition.

11. The process of Claim 10 wherein the chemical process reactor is a

30 semiconductor fabrication process reactor.
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removal conducted through a recovery line controlled by an automatic val ve;
(e)Controlling the operation of the automatic valve by a process controller
in signal comrunication with the automatic val ve, wherein the process
20controller at least nonitors the introduction of the two or nore gas
conpositions into the chem cal process reactor or its inlet by signal

comunt cati on # il GIRCE! oL, 96 wh1ie YL ERly PLACEIBRESASI O OF Chel

inlets; and, ning the au ¢ Vave Yo’ Tecover the gas conposition
contai ning 25the desired gas fromthe effluent line during at |east a
portion of the tinme when the desired gas is in the effluent line as a part

of a gas conpogy trh@ggotcg?s of Claim, 12 wherbh tggﬁgsi%cfi%ﬁs? sQbctEh WBH? th gwr ein the

chem cal process re em conduct or ricatron proce eact or.
12. The process ofns@tiagef tgiwharginnxerre diésiidedndasnds a nobl e gas. 13. The
process of Claim 12 wherein the desired gas is selected fromthe group
consi $ting of helium argon, xenon difluoride and xenon. 14.
The process of Caim 10 wherein the portion of the effluent containing a
substanti al por Madmpoiceshel Gaigi Hewhersd the pedivacathedfilyerdcontaining sone

sorptive separat| : ; - ; i a
further effl uent !;ggég}mgggd?%rg&rgkrfgg@%@%@gﬁﬁﬁg&’mﬁﬁsﬁg?ﬁgérgg\ﬁﬂ%ent rat ed
desired gas is caghaintion Hed taredosaryta ennseriraied desiedaaaiandm, further effiugnt The
process of CIairTb wherein the renoval of a portion of the effluent from
15t he effluent | Fne through the recovery line closes the check val ve by
redugigng the effluent pressure at the check valve below its cracking
pressure setting.

15. The process of Claim 12 wherein the concentrated desired gas is captured in

at least one storage container.

16. The process of Claim 8 wherein the removal of a portion of the effluent from
15 the effluent line through the recovery line closes the check valve by reducing

the effluent pressure at the check valve below its cracking pressure setting.

17. The process of Claim 8 wherein the automatic valve is opened by a signal
communication from the process controller at a time subsequent to the
20 introduction of the desired gas into the chemical process reactor wherein the
time subsequent comprises a time required for the desired gas to flow

through the chemical process reactor and into the effluent line.

18. An apparatus for recovering a desired gas from the effluent of a chemical
25 process reactor that utilizes two or more separate gas compaositions in

seqguence, comprising;

{(a) a chemical process reactor provided with one or more lines for introducing
two or more separate gas compositions into the chemical process reactor,

having a signal connection to the process controller;
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17. The process of Claim8 wherein the automatic valve is opened by a
signal comrunication fromthe process controller at a tinme subsequent to

t he 20i ntroduction of the desired gas into the chem cal process reactor
wherein the tinme subsequent conprises a tinme required for the desired gas
to flow through the chem cal process reactor and into the effl uent |ine.
B i aPbaral us ) U WBENEHENGorf AERE B SRR BICLLE BL) et of

chem cal 25proce reac at utrlrzes two arate gas

conposi tions in sequentieing tengrrasdtagas (:a)wp@sltmenm tralchprrmaés@cemct or

provi ded with one %&g e lines for introducing two or nore separate gas
conpositions into the chem cal process reactor, having a signal connection
e T 0cess R ine fh 1 Ak oL MeBlor CORIRELAGILOnG NS

chem cal process'reactor nt roduci ng £ arat e gas conpositions in
t he chemical pr oce@ﬁlueemf(ﬂna two or more(scparate @‘sfdoumtsltlbnmletrwmﬂdtlmte theheni cal

process reactor ca%ﬂghga% gggnrgbgg S5effluents of the two or nore separate
gas conpositions intro Gced Tht o e chem cal process reactor; (d) a

three-way valve @gst h?eee\L% O\‘rrh?\f mlﬂ']é'gfﬂaér]\t(?%?%vgﬁgpé/r%va%fthg%ﬁﬁfem!H%ﬁm from

the chem cal pro S reac 0 a recover e) the
recovery |ine havi fige eharaindiecedesh reasiarie ageddvaerinel i ne capabl e of
10renoving a desired gas fromthe effluent line; (f) an automatic valve in
the recovery | i ne)haiasgvery §hghalingasaetactionta tbe eifbiept ivecsapaklewfrol l er; (g)

a prggess control | %mB@H&Q'o%sPé SAkild uérm.ﬁ@duct' on of two or nore gas

conpositions in sequence’into ‘L@ Lem ca process reactor and capable 15

of controlling Oﬁ)era%ta‘u@&né}cxfa% :ﬁ‘g%eoi%%\b M?é Nﬁ:dd"a E:gﬁalrc%ﬁﬁé/&b){ 6 ifae so

that the automatic valve I's open rlng | east tion of the time when
the desired gas is Arerespeorifdiietient |ine as a part of a gas conposition,
where the process controller is capable of generating and receiving process
signal s by si gnal9) GonAgRSSiCORBONET CAPAtiROCIREHP R NYPdedins of BEeloNOEIiRst he

20aut omati c val ve; c%HﬂLosa(lSHs i} s%éhﬁ@{c%%%@rthé 5hén|ﬂ§ai pRERE FehctdrRgdcapads e of
removing the desired gas fromthe effluent |ine.
15 of controlling operation of the automatic valve in the recovery line so that

the automatic valve is open during at least a portion of the time when the
desired gas is in the effluent line as a part of a gas composition, where the
process controller is capable of generating and receiving process signals
by signal connections with the chemical process reactor and the

20 automatic valve; and,

(h) a compressor in the recovery line capable of removing the desired gas

from the effluent line.

19. A process for recovering a desired gas from the effluent of a chemical
25 process reactor that utilizes two or more gas compositions in sequence,

comprising;

{a)Introducing two or more gas compositions in sequence into the chemical
process reactor, including the desired gas, through an inlet to the

chemical process reactor,;
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19. A process for recovering a desired gas fromthe effluent of a chem cal
25process reactor that utilizes two or nore gas conpositions in sequence,
conprising; (a)lntroducing two or nore gas conpositions in sequence into

t he chem cal process reactor, including the desired gas, through an inlet
to the chem cal process reactor; (b)Renoving an effluent fromthe chem ca
process reactor i L r LIl esired
gas in sequence #%ﬁgﬁﬂ%@g1%gﬁwg%?égﬁq?%fﬁ%@g%%gggﬁgﬁ%%??ﬁgﬂ?&ﬁﬂﬁgﬁﬁﬁ a

t hree-way val ve; 5(d) Rermgdagprpasdions end e deseed§éd nertuéncern eheffeeM uent

| i ne through the thpee- way val ve, which portion of the effluent contains a
substantial portion of the desired gas, such renoval conducted through a

recovery 11 ne conLlialbee el AWRUR: b Erkalugiaks) Control 1ing the

operation of the autonmatic valve b process’ controller in 10signal

commugi cation w t(B)F.ﬁéH?o%% | ibﬁorﬁm"e‘éﬁiue\‘\’[‘ﬁérﬁit% LAGeRNiRG SRSUGARE kb er at

| east nonitors the intr on of the two or nore gas conpositions into
t he chenical procesway&akweorhigh portien phiheeffiygnséaptains & ewbaiaiticaperion o t h one

or nore of the Chen‘.lrféadesﬁéé’ﬁsé%uEﬁ?&ﬁ&faf%cg{daE@@itﬁmL@iQtrédovépqine1.5(f)

Qpening the automatic valve“to recover as conposition containing the
desired gas from t heordfdipdibnaniauipnaligiielyg; at | east a portion of the tine

when the desired gas is in the effluent line as a part of a gas
conposi tion. (e)Controlling the operation of the automatic valve by a process controller in

10 sighal communication with the automatic valve, wherein the process
controtler at least monitors the introduction of the two or more gas
compositions into the chemical process reactor or its inlet by signal
communication with ocne or more of the chemical process reactors or

their inlets; and,

15 {f) Opening the automatic valve to recover the gas composition containing
the desired gas from the effluent fine during at least a portion of the time
when the desired gas is in the effluent line as a part of a gas

composition,
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