DYNAM C GAS BLENDI NG Field of the Invention [0001]This invention rel ates
to a nethod for re-blending off-spec gases. Background of the Invention

[ 0002] Thewbl2endiznmsof two or nore gases to form a predetermspedobsadgeneous
gaseous m xture is fundanental to many industrial processes. As an exanple,
the solar and LCD industries currently rely on the use of dilute dopant gas
m xtures for doping sem conductor materials, and the |like. [0003] The

sem conductor industry continues to naintain an ever- increasing demand for

ultra-high purity gases enplOiﬁg@éﬂ@@%ﬁ%&ﬁ@;ﬁﬂi&#&gbriCatiOn processes.
Many of the process gases uti onductor industry are
hazardous. By way of exanple, arsine, germane, phosphine, and silane are
comonl y enpl oyed gases within the sem conductor industry and are comonly

referred to ddeldofithelnysntien ("active gas"). These active gases are
routinely blepgdad with.a.balanc rce gas ("bal ance.gas:) {0 create a
resul t ant gaz nliture 8%5P§3%§P%6§§E§%f%%Faggﬁg %ﬂﬂ§5@%¥§gsg&bzﬁF%ty of
processes in the sem conductor and sol ar manufacturing industries.

[ 0004] The product gas mi xture for use in the sem conductor industry
requires not L8 A ty, but a target conposition that is
sui table for geymstrea h i r - 0Ciessi ng

i ndustri es, icce&tableﬁygﬁﬁﬁgﬁékggng?gﬁgﬁgﬁgégpghggéﬂ%#%ﬁ?%%i e

sem conduct othomogesiony gasceusnaixtwwis flihdarmartalao timgpgricdntrad proetsseaicAs gas

conponent in the product gas ically . may be within a plus, or mnus 3-10%
t ol erance ofaPﬁémgakg.FS%%ﬁ@é%gégﬂp@ﬁ¥“$ﬁ@“§%%%ﬁ4¥9@?@”@?aﬁ@gn?ange depends
on the parti Ghaf (3¢hiMBred 8 OPIRARRRonkiAbr MndtchgIsNghdahended. [0005] As a

result of the narrow tolerance, even a slight deviation in the gas
conposi tion d8#3lead t dhesemonfimtoranduspryedutiucyasmawitiiclnwiért be referred

to herein as."of f-spec pr.adu as" or "off-spec gas". The -.spec product
gas has an- ontrenE CorBdT e SR ey e8e AEBE pd i L o LubinloG f opec
product gas ppaRERS. Nﬁm§%bﬁ%§ﬂ6&ts$ 2s4$ 86l A WAEHiA BRBehikRHeaESHasstrySuch as,
for exanple, chem cal vapor deposition, atom c |ayer deposition, or

physi cal vap@fe trzpisions.i Bn wapsef axaraple) arsing fgsrroric, Bé@@hmpo%@cﬁgla@@@ecan | ead
Lo toxic prodyghsy) NEHEASEH MO8 FidRS (AR NS AR6AL,ORSE ALIORR oSt S
Furthernore, because the’ off-spec product gas consi 8t o gaseous Mi xtures

that are typirefairty tddzatidopssct Oablivegss anithethgctien ghded ArEmLtindp preaped at e
abat enment systens for disposal of the waste gases nust be utilized. In one
exanpl e, t he YEzRbHHIsS SQrSE 8ayfabalpacegant)de crgte wepltamhsss MIKHITE undesi rabl y

i ncreases m i I . i I ing: ilization
of the activgﬂgh%k%gﬁg%gg?gggggggFgggé%ﬁggﬂggﬁﬁﬁ %%1%?%6%§¥&%§%H%§xtures
w thin a presadsdedmbhalfectancgindustries.

[0004] The product gas mixture for use in the semiconductor industry
requires not only ultra-high purity, but a target composition that is suitable for
downstream processing. Compared to other gas processing industries, acceptable
compositional tolerance limits within the semiconductor industry are narrow. The
correct percentage of each gas component in the product gas typically may be
within a plus or minus 3-10% tolerance of the target concentration. The specific
tolerance range depends on the particular active gas component that is being
blended.

[0005] As a result of the narrow tolerance, even a slight deviation in the
gas composition can lead to non-conformant product gas, which will be referred
to herein as “off-spec product gas” or “off-spec gas”. The off-spec product gas

has an off-spec concentration that is undesirable because the off-spec product gas



range are needed on a consistent basis to reduce the anpbunt of waste gas
that is potentially generated. As previously nentioned, even a slight

devi at i orwbnom2i®et ar get concentration nmay | ead to of f pepas2@rockses gas.
The conposition of the off-spec product gas may fall marginally outside of
t he upper or lower concentration limt. In this scenario, only a relatively
smal | anmobunt of active gas or balance gas is required to concentrate or
dilute the off-spec gas into the acceptable concentrati on range. However,
to this end, the gro uct i on flo(%v coni{rol .devi ces re%jgonﬁji ble faor regul ating
the flow of CRECLLE YU EAPEHINRESET R PIRCERFT yUAS 5B ¢ he
accuracy and chéRhBidpBr H&posRiv! abmiAkydrtRp&IGEh, b PRYsidaeQatior @dpdshti. I at e.
The required flowrate to adjust the off-spec concentration can be at or
out si de the dvieticsylf ihq offapreirpducy gas canHeaddpderie Prasiie] iggrcawdtyastc devi ces.
As a result, r [ | t [.C y regul ate
such a rel at i%td}g%&g Er?r%H?etdao gﬂaalto R%chgg[g's F?*%ew \6%)6’ g%?alrl}g%/ th?%é#%)% P Ip goﬁitélgt
concentr at i orgas odnsishsof@fabecsp atxpradhdtarggpicailx hataedous id Burinsamdeld abl e
concentration range suitable for downstream processing. [0007] The ability
to correct tKBVEITILSAPPEPHREROARMCBhYY StsRSIATL %P?ﬁ@%?frtgﬁt’véﬂetgé%qsén%i chis
safe and rel i,aRlif & dndhe LSRR hhMIRdd SUHERSARSIGIQIAS 1ABALBEO R
variation is desirable. Qher aspects of the present Invention w becone
apparent to ondesafblyridénaascy nmgkirial andoptehaioant cospsowhiledéaeusofz thhe
specification,..drawi ngs, and clains appended hereto. Summary of the

| nvent i on [@%éﬁt*ﬂ’i‘é)q GLE a’i“its%lﬁ?“ie(%gﬁti lizes a protocol for dynamcally

gas bl endi ng [gogsdnbi natd @Brddfgly HRodRY BACRIGASs Wkl Vfel@Bed BIEarQCYCl ed

of f-spec gas. This technique has the effect of enabling relatively snall

adj ust ment s trangetiec sedednn papnvsiesibasihéo wHficesthe empraidiiotastyegss thes isconpar ed
to the related, art,. by r | ating. fl.ow rates, of the.bal.ance s and active
gas to be re b Dbl Legdkd Bt Aot LR iR M achi eve
a target CO“Qﬁ@étro@hb@ﬂnatiB@ﬁﬁ?]léaﬂ taeEypda prolued dah. THE caapesfiordf thhe

i nvention, the dynam c gas bl ending protocol recycles the off-spec gas

m xt ure upst réayacePreduat sesmaytial ngFrginalheeutyids offhigrupper arleveides a gaseous
conmponent at - .. C i O cti [ a flow
Fate usi ng a PR gREis M RE A B i B S RRLD AL Bl 2 coous
conponent of of belandd gas peequirad torcencdntitateadr diluathe efftspad porintoltht i s great er
than that of the %ff-spec m xture concentration. Bal ance -gagl is regul ated
at a flow r arecPpiOifcoRcedtading reswHBRVEbto tésdethepredystion Egwecoghal ni xt ur e

i's re-bl endedi . Wcldyol e sBe on?eg%ﬁging(ﬂlleafW of &R tit Qarff M e %aie@su' tant

m xture at the target concentratio [ 0010] I'n accordance wi'th anot her
aspect of theypealyeniy nothhent t@mpcua@yamirprccigas tdotegnidicrey thor modsewics

provi ded. The of.f-spec product ga i xture i s recycled upstream of a m xer
B Ch Fecycl ededsi g R THE o AR M BE R Al oM Ses aBi R ens
conponent at Rt &f §utSPEtheIOREEhit dhpBAlity Of fHeProd1RESn PbWRBLAOCARVERS. 1S
regul ated using a first flow control device. The off-spec gas m xture is

re- bl ended witst tehdt, iz pradectipadlowrenngrot deviasmakynlys wibleds regwatopichgpec gas

m xture to be di.luted to a conceniration that ks less than. the.off-spec
Concent rat i oncionistt Sal frBuRaREa BOPeb At dR’ ol et Rt MaRiehiS: 5’ 2 Becond

fl1 ow control ofeyee prodlibegRahikieesga® donebefigise thecgagRauangompapiemsr of the
of f-spec gas at a concentration that is greater than that contained in the
of f - spec  condeWDPERANBPIOCTHING- bl endi ng causes the of f-spec gas mixture to be
concentrat ed t he dil 0 [ oncentration.
[0011]In accéémce W '?II rllle%?g}éﬁooﬁ%%r@{%lg%gg@e%? Oéﬁgtr%?oglgghtaﬁi nvention, a
dynam ¢ gas hhandirupgedieisisochitiors saflj andtreliedl@amcion clerdanat tinaircdicanvaid - spec
gas mxture to a target cancentrat.i i rovided, An off-spec gas m xture
i's recycled @ﬁ%i‘l}ﬂtﬂﬁg‘b‘ﬁ VATIFHOPEP desrwg{]eofcfthgrp?éeeﬁ%\%f the REIF 1%%93 s 4
gaseous ConpeREdthe Apariht & bR ARAFSRIN hahd KR updeid e, SBHei S regul ated at
a flowrate using a first flow control device. I?’he active gas includes the
gaseous conpepenficatibni drewofgh - adetaigasppdinded bonment rati on greater than that
contained in the off-spec concentration. The off-spec gas is re-bl ended
with the active gas. This bl ending causes the off-spec gas m xture to be
concentrated to a concentration that is greater than the off-spec
concentration. Next, balance gas is regulated at a flow rate using a second
fl ow control device. This blending causes the off-spec gas m xture to be
diluted to the target concentration to create a resultant product m xture.
Brief Description of the Draw ngs



[ 0012] The objects and advantages of the invention will be better understood
fromthe follow ng detail ed description of the preferred enbodi nents

t her eof iwocomecioson wi th the acconpanyi ng fi gures whewreirruskoikmo26sasrber s
denote same features throughout and wherein: [0013]Figure 1 shows a process
fl ow di agram incorporating the principles of the inventive bl ending
protocol; and [0014] Figure 2 shows an alternative process flow di agram

i ncorporating the principles of the inventive bl ending protocol. Detail ed

Description %fun;.r"e I A ioen . [ 0015] As used herein, all concentrations are
expressed as =vott t _ ages. One aspect that enbodies the
principles ofj0d(sg preseamk prayerithiafiowtutilizevproRcoiee ykedcally gdre 1 shows a
process flow di agram of an on-site dynam c bl ending system As wll be

expl ai ned, t féenging aeganafingtiogpf dherbglayicy @as. galder g, angiamicted aff-spicessg gas

m xtures w t Rt [ : - ing a flow
rate of off- I;r 61%%@61%12&%%1&3 Irtlzia%/tenf;IF e§¥ 5§erﬁ1hgrggjre$§t{vﬁﬁrgs%?aélgu as?ré%f{t$ ot@vler ate of

bal ance gas abfceaahiioteofyas of ffPOd plodhe gsipplcympasdsotheaeatcdart, bjie bal ance
gas and the active s are designated as pal ance gas soqurce 100 and active
gas source 163guistig ey 1ajes of thabalancsmeas pd 3cfiye éé%toglﬁt}?%i%‘di@)wﬁgﬁd 101 may

be cont ai ned r-éé}c d\éﬁ'éérﬁioytlf%fofﬂ.kﬂefc a?%ac\ﬁ?e%%%ltérggﬂjégef?ﬁr tigy way of exanpl e,

| SO containers,” druns, ton contalners, tubes, ers. [0017]H2 or
ot her gases M#0%e usednascordrmchdalithrome agst aftht aiveetorn, thaddyinameegayas sour ce

100 A VLT ety g St R SO SB35 KIQUR | NG A, R, D g e
(S5 20 (it et s\ e L,
xenon (Xe), axqgon geswsyceuiidtd aim (o yatapsing pystdlow eonirol fe0dsl] Titveacsiippl y
pressures of L08Rk HR H8%us QhEsnchPdr AR Set fEc RALANS LGRS
concentration that is greater than that of the off-spec mixture concentration.
Balance gas is regulated at a flow rate using a second flow control device. The
off-spec gas mixture is re-blended with the active and balance gases to create a
resultant mixture at the target concentration.
[0010] In accordance with another aspect of the present invention, a dynamic
gas blending process is provided. The off-spec product gas mixture is recycled
upstream of a mixer at a recycled flow rate. The off-spec gas mixture includes a
gaseous component at an off-spec concentration. A flow rate of balance gas is
regulated using a first flow control device. The off-spec gas mixture is re-blended
with the balance gas. This re-blending causes the off-spec gas mixture to be
diluted to a concentration that is less than the off-spec concentration. Next, active
gas is regulated at a flow rate using a second flow control device. The active gas
includes the gaseous component of the off-spec gas at a concentration that is
greater than that contained in the off-spec concentration. This blending causes the
off-spec gas mixture to be concentrated from the diluted concentration to the
target concentration.
[0011] In accordance with yet another aspect of the present invention, a
dynamic gas blending method for adjusting a concentration of an off-spec gas

mixture to a target concentration is provided. An off-spec gas mixture is recycled



source 100 may be controlled by correspondi ng pressure regulators. Figure 1
shows that pressure regulators 113 and 114 are utilized for controlling the
del i very woaessuneoef the active gas and bal ance gas fromctrhmskoe2znespecti ve
gas sources 101 and 100. The pressure regulators 113 and 114 are designed
to lower and maintain the delivery pressures of the active and bal ance
source gases fromtheir correspondi ng supply sources 101 and 100.

[ 0019] Downst ream of t he pressure regulators 113 and 114 are gas flow
controlling devices ich con% ow rates of tge active

and bal ance JRIEET %ﬁ%ﬂ&ﬁrtﬁé Bﬁ&@% $8%501'p acor&ésefla&%ﬁec?&s‘ﬁf?%i’?l’reﬁ devi ce

104 controls ahlwf §c0voii@hatidn. tAGiIVeeaY &l refuItld a5PAEWFRS ulinX talfirst floRN | ous
gas flow control devices as known in the art nmay be used, such as, for

exanpl e, mas$ORTWcHisEeTle agicrdap ésluden the-aspenss sBMEoRGRl 9Bthe ofrgrerabl v, and
as shown in F I
controllers. tggérgc]ei'maﬁ%] %gég?rn%&g@{g &n%l*]éstglnﬁﬁéé{)ﬁieiéecaéoql&g@%ﬁloﬁ The 6 whi ch
active gas amﬂf@abgn@grga&maaewdymmﬂmmabgm;bﬂ&mﬂ&dmﬁgcmhesﬂkkﬁsqee gas is
re-bl ended with active gas and/ or bal ance E} erein taq a%u;ﬁ% t he
concent rat i oFAdMIHE tOF copfsatratsd tq yconceni &nt Yrie eiseteathan 8P%er m
pmixer (3 uSBHdRLAbT XSk A (LURRCL: LK A AGKL GRckRAD 1 the art
to bl end gaseous conponents. § XxI'ng devices 1 nclude, but are not
limted to, rbxtrolglemgai ffhisdztendmg(aamgesdhanﬁfspec gastrhixturp &l beedifutedaodhcondui t s
with baffles. Figure 1 shows a xer Cg‘?f that is | ocated downstream of
the gas fl ow U8HHFIIRHOYER EH af%)? i POYTEMPEY ™t 0 bl end the gases. WO
2012/ 121906PCT/ US2012/ 026545 [ 0021] The dynam ¢ gas bl endi ng process w ||
now be expl ai ned It shoul d be understood that the concentrations, flow
rates and gadirsefddes awings i nt ended to nerely |IIustrate the

principl es of in nt|o endi mof F| uel

produce PH3 gﬂl'}i] xtﬁﬁe bjg%sﬁn(gedrva ag??OI}Qh?%f’Fownr‘gltl eotgr ngfg{%o on the
downst r eam usﬁﬁetHeeam\fzﬁgeietaﬂe@tiedchpﬁ@{ 6ftht pﬂ:fér@adt di'ﬂod@llirﬁ@rﬁ§ the€@fifid gurati on
of Figure 1, a design flowrate of 100 sl pm of oduct gas havi ng a target
conposi tion @ane;zalmwﬂaﬁhie ecswmznylgg Hegticp sdrerei b wel?f‘de nofgsa s exanpl e,
t he al | owabl PH3 product gas m xture can range from
as | ow as 0.3%)??%%@{ ll‘gr.r%\g%to be consi dered product gas that is

W thin speci 0@k i OnFlngfe Hﬂwmtarlﬁamwﬂoweﬁ@mg indor@s stingethe egutiptesos 113 and

114 | ower the pressur of .t he corre@gondi ng active gas and the bal ance gas

fromtheir ré]%‘i‘p’é‘éf?li‘Wé ingRiptosel #8 and 100. Mass flow control | er 102 has
a flow capacify49f 2F1’%hférﬂ %@v aﬁ al%ﬁfaﬁ&@ o¥est FovAdia Rl%co‘i?o/faﬂﬁ fHeS
capacity to regul ate sl pmo fromactive gas source ss fl ow
controller 1@a&nmpifsa:ftheomwlm;srabldnghngfpratoeolsI pmand is preferably set at
about 50% of its capacity to regulate 99 sl pmof H2 from bal ance gas source
100. 1 slpmof PH3 gas mxes with 99 sl pmof H2 gas, as shown in Figure 1.

The resul t antpegiil@PDedcintis of OIver@dn 105 whi ch bl ends the PH3 and H2
gasses. [OOZZ!E the PFI& nd HZ gases tlow through the m xer 105, the gases
are bl ended. [GHS] bl eAéle&bdd@sels,taﬂe%W@matlgn&ﬁeeni)&eﬂedwsolamtrios t hen sarrpl ed
by gas anal yzer 6, ent.erin as ana zer,. 106.

ot eforably oferasmaGHaBg A RHbELE R Siol N e R B S EfyahWou ©

concentrati Orﬂlo(i/fbetdﬂ:@crm&.n(ﬂ@ghr@aSh@Wi @pmcesadldvh@ﬂagﬁem&nanss@r@haﬁ@ t he
controller 107 which then sends a signal to mass _flow controller 102 and/ or

103 to make RPdpErvaee. a%ﬁ‘ﬁisﬂ?ﬁ‘efﬁﬂpsaﬂil%i thesysteoeifagws 16% dptgediR/ or H2 from
their respecty 'ry}{ﬁn&a dﬁft%ﬁ&gug OulgT ?%hé@eoca%lﬂ'lgr %gﬁ)g%gtl%ffg&tcr%b{éoo})

procedure is repeat yna i ng 'proces
noni tor the geasclingd tive rarcd{vikecagdhigisenh o bonikérewittns scgulaosd Gownt rol | er s
102 and/or 103, required, to ensure that the PH3 concentration is within

t he accept ablr%teoéI%‘@P?C %éa{l‘%l?‘ﬁlé’tegﬁﬁﬁ concentration. Accordingly, the nass
flow control |g55] 102TROG/Ply &R30MkEs Y RRBaGRbLL YadHidUal 8diviidaflaR Cl 0sed-1 oop

designated as balance gas source 100 and active gas source 101, respectively.

Each of the two gas sources 100 and 101 may be contained in a variety of



feedback controller 107 that is capable of controlling the blend accuracy

of the PH3 and H2 in real-tine. If the anal yzer 106 detects that

t he measuweadoPH21wmencentration is within acceptabl e tol ecanuseoikionists, the

resultant gas m xture nmay be directed to surge vessel 108. The surge vessel

108 acts as a storage reservoir which avoids gas feed problens to the

conpressor 109. The surge vessel 108 absorbs process variations, such as,

for exanple, mxture concentration, pressure, and flowrate. Figure 1 shows

that a conpresgor 109 is used.to pressurize d conpress the gas m xture

from sur ge. vaLaarnIEEER e by Sl SrBpG it stidiES 8 8835] At er a

st or age vessebnthit@rshameheedyliddeted, a sanple of the product gas m xture may

be directed to gas anal yzer 127 to further qualify the gas m xture

concent rat i od0®K A hi nHy pleothpy gasep may bepscd ry thodakgsick gas W%dﬂl@f indgkange om a

filled stora e 1 r r.atl IS Wthin

accept abl e tgﬁ%%ﬁ%@%hg%#gF%aﬁgg?%?%gg%§&ggggggkggﬂﬁ%?%wgbdﬁ t%ian1

processi ng. Tinéizql, eschuisefodkximhgle pstedpitihe JUS$;)farsine (A, tHihechy$iceomge vessel

110 is regul ated wn, if required, to neet the pressure requirenment of the
Tty oy bl &

gas anal yzer e (P sorgped BpHo Ued§oby): granaps écHn7 t o be out
of specifi catl,Q, f : : 1 I f.f5 ct gas
ahi ohcan be e g PR P ISP RS, he

bl endi ng syst(Am, hdrum &d¢pantlkrgotn €48. t he desired concentrati on of the gas
m xture. Fig shaws the bl endi ng systemis equipped wth a collection
Vessel 111 “BpEst 27O suonl Wenpecer div hseers o D geg MiePHeS Botuost
pressure in thecsYeb By be cBhrAWIyf cotR§fond RS rediRM@N¥oRaHigRE 1t he system
to be routed therein without utilizing a punp or other pressurized source.
For exanpl e, showes thet prcksped segelatoirs | Bhandnk ¢ ao¢ uplizeddet caparolmefthodeliviesy st or age
vessel s 110 thgglar ﬂgi%ggteg A %E5>$a§ ﬁ&ﬁkﬁ%ﬁ? 1%& for saqﬁlﬁﬁp may
subsequentlypﬁgl%SS ed 10V Re ¢ ﬂ1ecf o VeSS iR T%%@ﬁ?&i 1’1 nst ances
may arise inanbilgh TespRsic REhikeReC1 Das 119 Geasigicado 1dvadr a8d atiMt&in

of f - spec gas nag be initially generated during start-up of the gas bl ending
process of Fitkuddiveripessurnet He agHue maBbadanse sowee gaseh fiogl thyirni xed. Wien PH3
and H2 are injtially:. bl i i , the resultant concentration nmay
be of f-spec ghgéﬁghgﬁggﬁgﬁfgoépgggﬁ?%dﬁﬁg'response of the controller 107
and/ or the ¢o0i® syBbvemtcanpaiteepssaire Fagglates 113 Aot dbrddiraghyflowhi s of f - spec
gas generated during start-u o the collectiaqon vessel 111.

p be . routed
In yet anot hépn%%léﬂ&fi?‘ewsrl@éiaagi& Wﬁl%@p&mb%g flow tefes ofHisiactY 12Kt pi ng may
be routed to i e [UFa! I : y ot her
i ssues. The g%?@ff Sggﬁ%ﬂgmgygggg%siﬁég%tF%ﬂg?g%gg%?gr 8§P%¥g?ﬂthe wast e
gas and of f - spetrolgdw fidw rdtnaf ths redyeled e€fdspico geemixtgas Vanloire pasclow | ncr ease
mat eri al costs.t ﬁu t her, the prgﬁen in ent%Pn $4in}nates fhe nﬁfd to
i mpl ement  an “GDAY ENEIRES EYEOEM P G"GS BRY §° UA%- AT Xe G AEERY VR EH Ther eases
the operati oln@érstdiffic@deanllagidiabe vanes.ePfeferhB) 2ldAsIsh&fn ihBigaRPL Wied wast e
gas and off-spec gas fromthe process of Figure 1 can be adjusted to
product gas. gR$ fawvenderimigyiqeh erdanasidlovgcanyrollers i s equi pped with a recycle

vessel 112, | C ts..an ste an ff-spec.gas.from.col | ection
vessel 111, SMER UoLuERTHRE NG kFadihy Bl e ot RES pE L FUET A GRY ane

of f - spec gas bhlagm gheredyadtdRrvlveRrd et thblokf-sddeg e isiess@ided A8thaictisd or age
vessel s 110 may be directed or conpressed to the recycle vessel 112 for
re-bl endi ng &5 and/ep balance gas thageaiogidiigt (he copcepationofibe aHTwES 2608 2 hat t he
stream of off- hat cycl ed ne- ' L el ude
maste/residué?iggggga%f8§§6Tk??é?néﬁ%%éFé?&gﬁﬁggﬁ?ﬁ%kg?gggﬁPéggf t he

st or age vessehisingl@vics knewatin thelayt thibtphd @asqoas esnpanchise Pokdikle viesgel s, t hese
gases can bypass recycl e vessel 112 and be recycled directly for.

re- bl endi ng” t96VI4ef Mstude.rut grermol fadted ih quxing4pg oy HiBe £hggars with
concentrati oy é‘ll&é]%@@bﬁtﬂlit@inih”&afﬁésQrPigd}E{ 1%hot/ 08 o8l ALRG¢0Y gegRls 110 to
the inlet of the pressure regulator 1157 [0027] The flow rate of the recycle
st ream of t hdomfdd-dopestrepas ofithetgas 8owerpntyelling geaviatseld2wil @ handa ! thbband
controller 104. Figure 1 shows that before the recycled streamis

re- bl ended wﬁ?%gﬁﬂg and/or H2 gas, a gas anal yzer 126 may neasure the
concentration of the recycle stream The anal yzer 126 then sends a signal
to controller 107, which takes into account the flow rate and of f-spec PH3
concentration of the recycled stream of off-spec gas to potentially adjust
the PH3 mass flow controller 102 and/or.+he H2 mass flow controller 103 to
achieve a target concentration of 1% PH3 in the resultant gas m xture. In
response to the controller 107, flow rates of PH3 and H2 are regul ated from
corresponding flow controllers 102 and 103. The PH3 and/or H2 from

o A N A o



100 are mxed with the recycled off-spec gas m xture upstream of m xer 105.
The gases are then re-blended in m xer 105. Gas anal yzer 106 sanpl es the
re- bl endestomnizi®met o confirmif the off-spec m xture nearTh®012/084435
concentration within acceptable tolerance limts. [0028]1n an alternative
enbodi ment, a desired flowrate of the recycled off- spec gas can be sent
directly for re-blending with PH3 and/or H2 gas w thout gas anal yzer 126
measuring the concentration of the of f-spec gas m xture. The concentration

of the re-bl be cont .l ed b g ow rat es
of PH3 and/oﬁ8¢§?bagiﬁg§%mPﬂ%g?S é%%p¥? 1H§°§H§V§?§? é%q?ﬁfs %s also
preferably thad&awed ifat theoheGyiatiens FibGameh Sndfdscs P&eriPsDikteih agas from
storage vessel 110, as qas anal yzer 127 has sanpled the concentration of

PH3 from st onagedodde sre mld}lstrﬁtedhe pongiples of the épsatignsTha Wendieg pestany

recycled for may i ncl ude
mul tiple storggég%gggg&%kff% éﬁben Eﬁéﬂgﬂhﬁﬁgﬁgggkgpg%ﬂ&d%mns %%antprocess
requirements deﬁaldsdgo(wnthe dowhgttaen Usagé Reguitymant Stiflasfchliigndithgpysisem i s

equi pped with ltip st.orage vessels 110. The vessels 110 may. be
configured t&O® rﬁtrmbtfsﬁlgurgapbriwgr Boayatte A4 00l pf é%omta%%lraé%af rom each
of the Vesseltar%ét%onﬁ%%?oﬁ%?IQfPItlgha'%d MR85 B, $s &%ﬂetﬁﬁ)ct%”@éna%ﬁpw thi§ he process
of Figure 1 ca |gure to smntc fo anot her vessel 110 and continue
to supply predanplegths aHbwahle eomtenmstione=ithevP Hh proidustugap nyxturg @nrrapgei on.  The

enpty stora vessel 110 t ect.ed as ty.can s art to be fill ed.
COD5Y] Pr of aodig e G el inieite ity BTY s ain g ritudel Mot &Y The
vessel s 110 R@hiR§RIT@NSEr 8whiBdanBprlobEtingy P&Shre tdfuldtsrsfii b lagd 12nd

on-line, a second vessel 110 is under fill and real -tinme analysis and a
third vessel lawe the p@ﬁf,)tr@m%thd cplé@&wndlog petiviei gab end thefbatanee gassiromthair e i n t he

second vessel_ 110.under fil is de to~ke off C
analyzer 127 enauiges neten 1 e 08, ¥ES 0y S PRORERE et F 85 eBhasfhne.
fromthe secend syes sl ishéfctabHekt it@dbut 3076 ofNaLIALiSy toofegtﬂareercsr@hdﬂ for
dynam c gas re- bIendlng while the third vessel 110 begins to be filled with
product gas thhhtrang agisicrays peurpt Ehd MassAlqve eergtallge] 93 hasteflay Fapssdy ofas from

the second I for

| ater o bl endd yim 4B eRBGELEGHER 100 R0t Gk BBV R Cel SEDRphbr ' O

| east four stthrfage bvlaﬁmgas s&ﬂlﬁe nmry belpusﬁcPH\g das rﬁlhésﬁt@lﬂﬁ)99 tlpen (Vfdﬂﬁ@lbs 110
under the sane status (i ne", "heing fil]ed" np%¥ s t hat
ment i oned ab@y&howhis Elstﬁetlh T)ﬂ@ge&lw&weﬁ@ g Bdripigurisgr 5% Whla qudp ghex j | | eq,
qualified anqngﬁg¥b&9$§gpply downstream The arrangenment of a first vesse
on-line while the fourth vessel 110 is ready to supply downstream al | ows
uni nt er r upt ed0@22nst Ae m BlyidyH 1 gnses taws tlomegh thE')apea:rdliOﬁgth@rgatdsermsage and

vol une of th e i nst ead of e Vves vessel s may
e {111 6d, " aqngsear nBeadss 000 R nates 95 erd Bobdh HIE! B ER ¢ he
above descri hgg yRra08dUhe gaslMiGurdRhiteid e @l shsianglysaH 1ok Rd prefet@dlﬁgﬁ vessel s
results in quallty assurance and nalntenance of “product throughput.

[0032]AIternamﬁbénymﬂpwﬁmprddw&mab@@?kan@ﬁemﬁﬁyﬂhécgm@pbneﬁﬂdlrectIy to
the process \%e&llao ¢ thearlfllsa%H?lg% segdsaég%lg?ah ?ﬁ} cgn% ler307 qu?chs or agl% vessel s

110 may be use € even I'ng Ssys of f-1ine

for maint enam@@nagmnmmm@mroaadfazranqtdﬂe03 It@ﬁféﬁ@éppréﬁblﬁt@h@ﬂﬁhﬁﬁtssys'[ em
may al so be used to fllhéﬁ¥hlnders or containers which can be transported

to the cust onethedlqwrasgsi radies E frogn thicl repsctivspgss yowselr Kdwnddi0fce t he
product gas Gafy Q@a&‘d??&ﬁtﬁ 65@2&3}}4&‘3%&; Egﬁlaf%a tﬁ%ﬁéﬁdﬂt ﬂiertg@aﬁlﬁ [, from

mul tipl e storage vesse concentrati on product gas
in each vessélentiidy precesetd homitbrithelgpanicent byd mhkeadjygmemsab thewsassor t he

i ncrenent al di tion of orage vessels 110 without jnterruption. of suppl
%i ow controllers 1%) an(?/%r 103, ?fs 1requ11red1 to ensure tﬂat tile %ﬁg concentration PPLY-
is within the acceptable + 3% of the target PH; concentration. Accordingly, the

mass flow controllers 102 and/or 103 are dynamically adjusted with a closed-loop



[ 0033] Al t hough t he enbodi nent of Figure 1 is shown equipped with a

col l ection vessel 111 and a recycle vessel 112, the bl ending system nay

al so be iwplemeni®d wi t hout a dedi cated col |l ecti on vesselTAkYoancdses
recycle vessel 112. In an alternative enbodi nent, the gas m xture in the
storage vessel 110 is analyzed after having been filled. If the gas m xture
is not wwthin specification, it my be routed from storage vessel 110
directly to the blending systemfor re-blending in accordance with the

dynam c bl endi rocess d i.bed above. [0034]The setup sho in Figure 1
120 equr ppede CRTRRer GRS GuRBRAT copitist MBS B AIGH N "ced 't o
nmoni tor and @entahalHtihecatiRentrati on of product, whereas anal yzers 126
and 127 are used to neasure the concentration of m xtures fromrecycle
vessel 112 and st or abféhsanadeey 596 detepts thatihe srdanepqd PHEegRoentigimyiser s may

al so be utiliz I I I . . . | yzer 106
may be used tvéﬁlg%g%ﬁ%&aeﬁ?‘%{ﬁlc?Hgﬁtg’gtg%egﬁg%ﬁ a%@”@@‘%ﬁ%ﬁé?‘%g“?gﬁgl e |lines
fromthe vesselgs vesset heS. antad snzey vel &b 10§ 085 4 or@iecseA®aSWhiel evoitihough t he
gas is out of sEﬁecifiﬁation t he of f-spec_gas concentrations may not
deviate far RAdFRcHREPtlGRY©rthe somprsssoad PEnThogurge yessel 108 appsds professat es

required T aghitigins! fn Al fosBERFOREERL @Okl HELAL 4R nsQnEENt rat i on

using either the active gas mass flow controller 102 or 't al ance gas
mass fl ow colligwt [l shoiOBhat & cahpressor 8% istusadhtoopressaaire and comgrreds|thmgasat e

operating limt for each of th ss flow controllers 2 and 103. For
ool 1 it homrtras st AT Br e AR e e WSS LRt 1 ow Tate of pure

of f - spec PH3 @ equkibedsibgh R64s6PEI® Hal Be@ fil&P8GakhiR T ANCHBIEALEON tO a
target concentration of 1% may fall below the | ower Tlow rate opéerating

limt of thendx@rempmbpHBeetadty gdsenalyontl2d|te &rrtheoqualifathe gsbakivee utili zed

in Figure 1. In other d e, requihed.fl ow rat f the P ss flow
cont rol 1 e 168PceB e SR ng A6 LRS00 shinBlind Poueah PR TRUGESE, |
mass fl ow contorld \eksel ¢ anaRtired ety fRtTE yconegittaabe PRIt addpafbid hei r ful |

scale. [0036]1n another exanple, if the PH3 off-spec concentration is
1.04% the flQgrapes befere thpprgdyctigag if seatiotds wasEpada BROCEYSENgo f Fhe gpsrss LPHI

concentratio 9 9 f.alil e flow rate
operating I|i %f?[{ ede? B@hcfé%%é&qgﬁ(%%@q—é&#gggesfs ?olv%/otg%ne%r (ngaedP%gr (i.e., fall
bel ow 2% of ir¢quifed) fo regatte)prédate reguitvencngofitht Ighg @chlyzer 122 Idas béudi ng
process of Figure 1. [Q037] Accordingly, fi ne-t-gne-d a%j ustments of the PH3
concent r at i ofaHRyNSEICH Y 3Rl rE 18789 be 0wl fgpecidetions then Hig nedct 815 idevi ces.

The on-line pLEGYGLs Qf‘f-sggfg{ohﬁéa’i’ r%QWh{c@ﬂ cafl % GG ed WPLiR} }e\ém’% WssBof1opOSSess

the sensitivity to accu precise neter gas in requisite
smal | propor tfororsix Altdrivo tighblendeg systbns &ir rghixftb @vhiconthedesiddvi ces coul d be

added to the gas bl endi rocess of..Figure 1 to,handle the.lower flow
fates, this sduenluge oilde BEERLRe et ety bELEEM e a s SFirde cone
set of flow gaMd &lllcdeni ¢&scIMY. PRifcRBlyalkoll&:tidA GRIRPHAL 8 s&fth tiRPec gas
flow rates which nmay vary beyond the flow rate capabilities of the second

set of flowlewest prissuse & the sysiem ¢ allayp etf-spas geson fem anatpavred thiesyistee f ar

fromthe tar 9§ be FRNGERLLRL S /ot utilizing a pump or other pressurized source. For

example, the relatively small amounts of product gases from the storage vessels
110 that are directed to the gas analyzer 127 for sampling may subsequently be
routed to the collection vessel 111.

[0024] Other instances may arise in which waste or off-spec gas is generated.
For example, off-spec gas may be initially generated during start-up of the gas
blending process of Figure 1 when the H, and PHj; gases are initially mixed.
When PHj; and H; are initially blended in mixer 105, the resultant concentration

may be off-spec due to inherent delays in the response of the controller 107 and/or



[ 0038] The bl endi ng protocol for adjusting recycled off-spec gas to a target
concentration will now be expl ained in accordance with an enbodi nent of the
i nvent i orwOBhe/pu®sent invention recogni zes that the usecofustée/o2esys ve and
bal ance gases at regulated flow rates to adjust a desired flow rate of the
of f-spec gas can fine-tune the off-spec concentration using the on-1line
mass fl ow control devices that are operated on a production basis. In all
of the Exanples 1-16 to be described in Tables 1-4, the flow rates of PH3

[ I d wth th d ' 0-2 sl PH3
mmss 11 ow colts BITorsCaaiaber T B RAFEL b Ml BT = P

advant ageous Ignér@t@u ldatiegd stafttup hiebProatddad HtdDledQd k@M MRSE ydtow H2
controller. aresult, there is no need to re-blend the recycl ed off-spec

gas W th act iapethgaseeraitp. kslduaber wesée gavdn thamanifdd pwingmey barawesttBer set of
mass flow co g . I X . S
bl endi ng pro?lﬁ)e{:%ﬂeg@o\g%?eggﬂ ﬁgﬁ}gp%én?%ﬁggé %rfgn&%éhegﬁgggghsﬁ}e%égﬁy?gn. As
previ ously neind preseadinvahtiorciorapity £t dfihs waste ghnaat eff-spqy @sstthi@sesvol unetric
percentages. In ee&ch of the exanples, 10 slpmof the off-spec gas is

re- bl ended witkhnegdri@yeNt ghedvmeiberriapsasmpeisl o1ty U, AT bal ance gas
to achieve a ikRaHbA BthidRAIR n&ARG ERBILAEROR BhichithPHRenFATRLAPmL- 4
illustrate the correction of various off-spec concentrations of PH3 with
cal cul at ed f lactwe getses, walidheigcreisePHB @etdtive of s gndldddinggiracese gas. Exanple 1

shows that 1 m of . 0. 5% of f - spec PH3 s mxture.is re-blended with 0.95
oo e TS T AT e BBt By B ABAns e By hE PSSR eve. 89 05
sl pm of a remar@mtcam)@g&jg&te&aﬁpﬁmttgg@gﬂggwemgs@w%%é@é&ﬁﬁg caRgent ration of

PH3. Exanple 2 shows that 10 sl pm of "0.96% of f-spec PH3 gas ‘m xture is
re- bl ended wictihippcdwithlapegyste yeused 1 BH3vieh tallecagy avedtegdd offfpsneoas2 bal ance

gas to achieve 99.91 .sl pm of resul tant, .product gas _m.xtu having a 1%
Parget concentrLedbaidh s LB S aRBRE P Rse Y85 by aFe 1500 o 1 - spec
PH3 gas m Xt yaaidoffSpdd @RS Wctddl18:tRA vebdem DI, singe & cBEB1 Mcdrisugag@as and 89
sl pm of H2 bal ance){gas to achieve 99.90 sl pmof a resultant product gas

m xt ure havi ngssalstoPmaayden diecsted e cemprassedde theHgey dscuepstld 12 faisns t hat 10

sl pm of 1.50 ff-s 3 ga i - I i ) | pm of pure
P et ve g ol il B bt AP i Rol B LB U BRan B O
resul tant pr odugicc gasthai ixtreoyelcddvi reblendlp nay grludeonsenicsidudlgasaf PH3. The

re- bl endi ng of ExarrpF}%Bs 1-4 can be carried ogt in mxer 105 as descri bed
c

above and shol#26ln Figematively:sersa dhesyred the storigs Netsakit! [P Aerefatiy@lyr at es of
active gas PHZ a0, GR: Y ShHeHakd § ram..he
production fI}Hg%N rat%gé(%t? T g@%ﬁ%%pé%&éﬁp%u? eg}gjea(k:{ ie\gg?éwsgécor dai trilgl y, the
on-line 0-2 depenyekdsiifetitmfor onbleotlingito adjest tbmod-speoducentoniobasits f or
regulating the flowrate o ur.e PH3 active gas.can al so be en
Correcting t nEechnassBeed b BiiPurk anc Gt rlr ot e PaB g Rerbid 1B 85 01 pm
mass fl ow congleodftRE pisfele RBuRtdr@gucti on basis for regulating the flow
rate of H2 bal ance gas can al so be used when correcting the off-spec
concent r at i od002&ddi t TonBewyate ohtherersdi vigapraditocolf-spemgasamadivec maywbde r ange
of off-spec congentrationssas sh [ les, 1-4.t0 range fro .5%to
1. 50 prb. 1 foanian 8 het iR AER DB R Ehrun s e own 1

Tabl e 1 can Raagh & @theidedWithSPI@Cartitsiadentak ad gBnsalyk&0L%] sdsageusl y, no
switching of mass flow controllers is required to re-blend the off-spec
gas, and t he cPecopfratiRn eighpresacie stcan d8¢ippadyrcr 426 Bwmserdsqugmbitial 1y t he

desired pr Od‘68#1tfrc§ﬂe?‘ﬁ’0‘?,3¥é@c%¥ak%§’&%a QQntS[h%ghﬂQt%raﬁﬁ BftSypct By, met hod of

rem xing the o spec y I ntroducl ng active gas and bal ance gas
makes the corbna@ntrmisreofahe wegtled amehnpoLefif-speonas ho poteatintlydelprsededHsn pr oduct

flowrate. The process i | so sjnplified because of e abjlity to use the
same product in%ﬁ*?g) ﬁlﬁ‘%’scop?rB_@?ri@ztaPa)PFg}EsH#rB?Ssr ‘Foé’thioﬁﬁr wi?}oa?‘e 1ieV/‘*eXgas and H2
bal ance gas \M}%@t oAE&EGtbREf 1%@H)fiflT%Qul&%ﬂ%@s%{xﬂ{rb.0H§re9§o_nrs@?o @Ef - spec
gas. WD 2012/ I21906PCT/ US2012/ 026545 Tabl e 1-Step Bl endi ng Protocol

Exanple 1 controller 107, flow rates of PH; and H; are regulated from corresponding flow

controllers 102 and 103. The PH; and/or H; from respective gas sources 101 and



Exanmpl e 2 Exanpl e 3 Exanple 4 Concentration of PH in Of- Spec Gas (%9 0.5
0.96 1.04 1.50 Flowrate of PH3 in Of-Spec Gas (slpm 10 10 10 10 Fl ow
rate of RMWBarti2z¥®cgas (sl pm 0. 95 PCT/US2012/026545

100 are mixed with the recycled off-spec gas mixture upstream of mixer 105. The
gases are then re-blended in mixer 105. Gas analyzer 106 samples the re-blended
mixture to confirm if the off-spec mixture now has a PH3 concentration within
acceptable tolerance limits.

[0028] In an alternative embodiment, a desired flow rate of the recycled off-
spec gas can be sent directly for re-blending with PH; and/or H, gas without gas
analyzer 126 measuring the concentration of the off-spec gas mixture. The
concentration of the re-blended gas may be controlled by simply adjusting the
flow rates of PH3 and/or H, based on the feedback from the analyzer 106. This is
also preferably the case if the recycle stream is off-spec product gas from storage
vessel 110, as gas analyzer 127 has sampled the concentration of PH; from
storage vessel 110 prior to the off-spec gas mixture being recycled for re-
blending.

[0029] The dynamic gas blending system may include multiple storage
vessels 110 depending on the usage and downstream process requirements. As
shown in Figure 1, the dynamic gas blending system is equipped with multiple
storage vessels 110. The vessels 110 may be configured to continuously supply
product gas mixtures downstream from each of the vessel 110. When one of the
vessels 110 becomes empty, the process of Figure 1 can be configured to switch
to another vessel 110 and continue to supply product gas mixture downstream
without supply interruption. The empty storage vessel 110 detected as empty can
start to be filled.

[0030] Preferably, at least three storage vessels 110 are utilized. The vessels
110 may be arranged so that a first vessel 110 is filled and on-line, a second vessel
110 is under fill and real-time analysis and a third vessel 110 is empty and ready
to be filled. If the gas mixture in the second vessel 110 under fill and analysis is
determined to be off-spec by analyzer 127, having the third vessel empty allows
the off-spec product from the second vessel 110 under real-time analysis to be
recycled for dynamic gas re-blending while the third vessel 110 begins to be filled
with product gas that is being re-blended. Alternatively, the off-spec gas from the



0.91 0.90 0.85 Flowrate of H2 bal ance gas (sl pm 89 89 89 89 [0042] The
present invention can accomobdate a wi de range of flow rates of the

of f - spec waxw12Ap1way of exanple, Table 2 illustrates thacTiuseoiehbesspec gas
flowrate can be increased from 10 slpm as was used in Table 1, to about
100 sl pm The higher flow rate nay be desirable to correct the off-spec gas
concentration in a shorter tine period, w thout presenting any process
chall enges. Table 2 illustrates the required flow rates for re-bl ending

LTI S AT ERERGRT o W e O N A ot

Prot ocol Examn@ing, as described above.
[0031] In another embodiment, at least four storage vessels 110 may be used
with three of the vessels 110 under the same status (i.e., “on-line”, “being filled”,
“empty”’) as that mentioned above. The fourth vessel 110 is configured so that it
is filled, qualified and ready to supply downstream. The arrangement of a first
vessel on-line while the fourth vessel 110 is ready to supply downstream allows
uninterrupted downstream supply to a customer. Depending on the usage and
volume of the vessels 110, instead of one vessel, one group of vessels may be
filled, analyzed and supplied simultaneously in accordance with the above
described procedure. This method of using multiple storage vessels results in
quality assurance and maintenance of product throughput.
[0032] Alternatively, the product gas mixture may be supplied directly to the
process without the use of storage vessels 110, or the storage vessels 110 may be
used as backup in the event that the blending system is off-line for maintenance,
gas resupply, and/or other reasons. The blending system may also be used to fill
cylinders or containers which can be transported to the customer’s location and
used as mix gas supply sources. Since the product gas can be supplied from the
blending system directly or from multiple storage vessels 110 in which the
concentration of the product gas in each vessel 110 is verified independently, the
system allows for the incremental addition of storage vessels 110 without
interruption of supply.
[0033] Although the embodiment of Figure 1 is shown equipped with a
collection vessel 111 and a recycle vessel 112, the blending system may also be
implemented without a dedicated collection vessel 111 and/or recycle vessel 112.
In an alternative embodiment, the gas mixture in the storage vessel 110 is
analyzed after having been filled. If the gas mixture is not within specification, it
may be routed from storage vessel 110 directly to the blending system for re-
blending in accordance with the dynamic blending process described above.
[0034] The setup shown in Figure 1 is also equipped with analyzers 106, 126

and 127. Analyzer 106 is used to monitor and control the concentration of
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product, whereas analyzers 126 and 127 are used to measure the concentration of
mixtures from recycle vessel 112 and storage vessel(s) 110, respectively. Fewer
analyzers may also be utilized in the gas blending process. In one example,
analyzer 106 may be used to analyze all of the gas streams by configuring sample
lines from the vessels to the analyzer 106.

[0035] In some cases, even though the gas is out of specification, the off-spec
gas concentrations may not deviate far from the target concentration. As a result,
the flow rates required to adjust the off-spec concentration to the target
concentration using either the active gas mass flow controller 102 or the balance
gas mass flow controller 103 is often less than or near a lower flow rate operating
limit for each of the mass flow controllers 102 and 103. For example, if the PH;
off-spec concentration is 0.96%, the flow rate of pure off-spec PH; gas required to
increase the off-spec PH; concentration to a target concentration of 1% may fall
below the lower flow rate operating limit of the 0-2 slpm PH; mass flow
controller 102 that is being utilized in Figure 1. In other words, the required flow
rate of the PH; mass flow controller 102 would be below 2% of its full scale.
Generally speaking, mass flow controllers cannot accurately regulate below 2% of
their full scale.

[0036] In another example, if the PH; off-spec concentration is 1.04%, the
flow rate of H, gas required to decrease the off-spec PH; concentration of PH3
from 1.04% to 1% may fall below the lower flow rate operating limit of the 0-200
slpm H; mass flow controller 103 (i.c., fall below 2% of its full scale) that is being
utilized in the gas blending process of Figure 1.

[0037] Accordingly, fine-tuned adjustments of the PH3 concentration may not
be possible by a single set of flow control devices. The on-line production gas
flow control devices typically will not possess the sensitivity to accurately and
precisely meter gas in the requisite small proportions. Although a second set of
flow control devices could be added to the gas blending process of Figure 1 to
handle the lower flow rates, this adds cost and complexity to the process. Further,
the second set of flow control devices may not be able to accommodate off-spec

gas flow rates which may vary beyond the flow rate capabilities of the second set
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of flow controllers if the off-spec gas concentrations deviate far from the target
concentration.

[0038] The blending protocol for adjusting recycled off-spec gas to a target
concentration will now be explained in accordance with an embodiment of the
invention. The present invention recognizes that the use of the active and balance
gases at regulated flow rates to adjust a desired flow rate of the off-spec gas can
fine-tune the off-spec concentration using the on-line mass flow control devices
that are operated on a production basis. In all of the Examples 1-16 to be
described in Tables 1-4, the flow rates of PH; active gas are advantageously
regulated with the production 0-2 slpm PH; mass flow controller, and the flow
rates of H; balance gas are advantageously regulated with the production 0-200
slpm mass flow H, controller. As a result, there is no need to re-blend the
recycled off-spec gas with active gas and balance gas that are regulated with
another set of mass flow controllers.

[0039] Table 1 depicts four examples of a gas blending protocol embodying
the principles of the present invention. As previously mentioned, all
concentrations herein are expressed as volumetric percentages. In each of the
examples, 10 slpm of the off-spec gas is re-blended with a regulated flow rate of
PH; active gas and H; balance gas to achieve a resultant target concentration of
1% PH;. Examples 1-4 illustrate the correction of various off-spec concentrations
of PH; with calculated flow rate values of PH; active gas and H, balance gas.
Example 1 shows that 10 slpm of 0.5% oftf-spec PH; gas mixture is re-blended
with 0.95 slpm of pure PH; active gas and 89 slpm of H; balance gas to achieve
99.95 slpm of a resultant product gas mixture having a 1% target concentration of
PH;. Example 2 shows that 10 slpm of 0.96% off-spec PH; gas mixture is re-
blended with 0.91 slpm of pure PH; active gas and 89 slpm of H; balance gas to
achieve 99.91 slpm of a resultant product gas mixture having a 1% target
concentration of PH;. Example 3 shows that 10 slpm of 1.04% off-spec PH; gas
mixture is re-blended with 0.90 slpm of pure PH; active gas and 89 slpm of H,
balance gas to achieve 99.90 slpm of a resultant product gas mixture having a 1%

target concentration of PHi. Example 4 shows that 10 slpm of 1.50% off-spec
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98 98 98 [0043] Specifically, Exanple 5 shows that 100 sl pm of 0.5%

of f-spec PH3 gas m xture is re-blended with 1.49 slpmof pure PH3 active
gas and 98o=bppmaojosH2 bal ance gas to achi eve 199. 49 sl pmrcofUsaoizesdsis ant
product gas m xture having a 1%target concentration of PH3. Exanple 6
shows that 100 sl pm of 0.96% of f-spec PH3 gas m xture is re-blended with
1.034 sl pmof pure PH3 active gas and 98 sl pm of H2 bal ance gas to achi eve
199. 034 sl pmof a resultant product gas m xture having a 1% target

as. mioc ur o S B SRR P RSBt Dipon O oS PRt 82 SRR Sa <1 prm

of H2 bal ancef@Bdala@cAEdit6¥MenhidABIPEs ﬁt‘lgmfgfre@lltﬁﬁﬁptbﬂ@ﬁgaﬂhﬁd&&%aﬁg m xture
having a 1% target concentration of PH3. Exanple 8 shows that 100 sl pm of
1. 50% of f - spacl "PrHBEYaen¢anitationeof Ry elhsl retidnging aftExanwles| lnhed bPH3 acti ve

gas and 98 sl f : i of a resultant
product gas ﬁgﬂegrogk‘ﬁ‘a@?éﬁg?géaﬁ%fet% %Iﬁ%gtaa %Q{éeﬁ%gdn%rgglpﬁg rli%)u? H3. As with

Exanpl es 1-4,[0040¢ r eEkdrepied hg saaw the ticaflow edteOoftactine pasd; ddDabmcedescri bed
above and shown in Figure 1. Table 2 dermnstrtgtgfiqthat t he re-blendi ng can
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gas may be cQpG@kfal ad ddfidd pihd flow rate of about 100 slpm. Therefore, the

method of remixing the off-spec gas by introducing both active gas and balance

gas makes the control more accurate and precise without any decrease in product

flow rate. The process is also simplified because of the ability to use the same

production mass flow controllers for regulating PHs active gas and H, balance gas

when correcting the off-spec concentrations of the off-spec gas.
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rate can be increased from 10 slpm, as was used in Table 1, to about 100 slpm.

The higher flow rate may be desirable to correct the off-spec gas concentration in

a shorter time period, without presenting any process challenges. Table 2

illustrates the required flow rates for re-blending various off-spec concentrations

to a target concentration of about 1% PH3 when the off-spec flow rate is about

100 slpm.
Table 2
1-Step Blending Protocol Example | Example | Example | Example
5 6 7 8
Concentration of PH; in Off-Spec 0.5 0.96 1.04 1.50
Gas (%)
Flow rate of PH; in Off-Spec Gas 100 100 100 100
(slpm)
Flow rate of PH; active gas (slpm) 1.49 1.034 .95 A48
Flow rate of H balance gas (slpm) | 98 98 98 98

[0043]

Specifically, Example 5 shows that 100 slpm of 0.5% off-spec PH; gas

mixture is re-blended with 1.49 slpm of pure PH; active gas and 98 slpm of H;

balance gas to achieve 199.49 slpm of a resultant product gas mixture having a
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11 Exanple 12 Concentration of PH3 in Of-spec m xture 0.5% 0.96% 1. 04%
1.50% Step 1: Concentrate to 10% PH3 Flow rate of Of- spec PH mxture
(sl pm 10 WO 2002/120906 PCT/US2012/026545

1% target concentration of PH;. Example 6 shows that 100 slpm of 0.96% off-
spec PH3 gas mixture is re-blended with 1.034 slpm of pure PH; active gas and 98
slpm of H; balance gas to achieve 199.034 slpm of a resultant product gas mixture
having a 1% target concentration of PH;. Example 7 shows that 100 slpm of
1.04% off-spec PH3 gas mixture is re-blended with 0.95 slpm of pure PH3 active
gas and 98 slpm of H, balance gas to achieve 198.95 slpm of a resultant product
gas mixture having a 1% target concentration of PH;. Example 8 shows that 100
slpm of 1.50% off-spec PH; gas mixture is re-blended with .48 slpm of PHj active
gas and 98 slpm of H balance gas to achieve 198.48 slpm of a resultant product
gas mixture having a 1% target concentration of PHs. As with Examples 1-4, the
re-blending can be carried out in mixer 105 as described above and shown in
Figure 1. Table 2 demonstrates that the re-blending can occur at higher
throughputs (e.g., about 200 slpm of re-blended product gas mixture) than the
product flow rate (e.g., 100 slpm of product gas mixture).

[0044] In all of the examples utilizing the inventive blending protocol, a
controller (e.g., controller 107 of Figure 1) may receive an output signal from a
gas analyzer (e.g., analyzer 106 of Figure 1) that measures the re-blended off-spec
concentration. The controller performs a real-time mass balance calculation to
determine the required flow rates. The controller then transmits an output signal
to the active and/or balance gas mass flow controllers (e.g., mass flow controllers
102 and 103 of Figure 1) for regulating the appropriate flow rates of gases for the
re-blending of the off-spec gas.

[0045] It should be understood that the blending protocol may vary the flow
rates of the H; balance gas, the PH3 active gas or a combination thereof using the
corresponding on-line production flow controllers to achieve correction of various
off-spec concentrations over a wide range of flow rates of the off-spec gas. The
re-blending occurs in accordance with the dynamic blending process as described
above.

[0046] In another embodiment of the present invention, as an alternative to re-
blending the off-spec gas with both active gas and balance gas simultancously, as

shown above in Tables 1 and 2, the off-spec gas may be concentrated first with
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PH3 (slpm 1.06 1.00 .99 0.94 Step2: Dilute to 1% PH3 10% PH3 m xture
(slpm 10 10 10 10 H2 (slpm 90
WO 2012/121906 PCT/US2012/026545

active gas and then diluted to the desired concentration with balance gas. This
two-step re-blending protocol may be implemented as follows. Off-spec gas is
initially concentrated by introducing active gas (e.g., PH3) into a recycle vessel
where the off-spec gas is temporarily stored. The amount of active gas introduced
into the recycle vessel is controlled based on the concentration and quantity of the
off-spec gas therein. After concentrating the off-spec gas with active gas, the
concentrated off-spec mixture is introduced into a mixer where it mixes with
balance gas (e.g., H,) to achieve a target concentration. The recycle vessel may
be configured with optional internal mixers for mixing the off-spec gases with
active gas therein to facilitate the subsequent re-blending of the concentrated off-
spec gas mixture with balance gas (e.g., H,) within the mixer.

[0047] The two-step protocol may alternatively be implemented by flowing
the off-spec gas and the active gas through a first mixer and then storing the
mixture in a vessel. Next, the concentrated off-spec mixture is introduced from
the vessel into a second main mixer where it is re-blended with the balance gas to
achieve the target concentration.

[0048] Table 3 provides Examples 9-12 that utilize a two-step re-blending
protocol to adjust the off-spec concentration. In Examples 9-12, the off-spec gas
mixture is first concentrated to 10% and then diluted to the target concentration of
1%.

[0049] Example 9 shows that the off-spec gas mixture to be corrected has an
off-spec PH; concentration of 0.5%. The flow rate of the off-spec gas is about 10
slpm. 10 slpm of the off-spec gas mixture is re-blended with 1.06 slpm of pure
PH; active gas. As a result, the off-spec concentration of PH3 is concentrated to
about 10%. 10 slpm of this 10% PH; mixture is then diluted with 90 slpm of pure
H, balance gas to reduce the concentration from 10% to the target concentration

of 1%.
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[0050]

Example 10 shows that the off-spec gas mixture to be corrected has an

off-spec PH; concentration of 0.96%. 10 slpm of this off-spec gas mixture is re-

blended with 1.00 slpm of pure PH; active gas to concentrate the mixture from

0.96% to about 10%. Thereafter, 10 slpm of the 10% PH; mixture is diluted with

90 slpm of pure H; balance gas to reduce the concentration from about 10% to the

target concentration of 1%.

[0051]

Example 11 shows that the off-spec gas mixture to be corrected has an

off-spec PH; concentration of 1.04%. 10 slpm of the off-spec gas mixture is re-

blended with .99 slpm of pure PH; active gas to concentrate the mixture from

1.04% to about 10%. Thereafter, 10 slpm of the10% PH; mixture is diluted with

90 slpm of pure H; balance gas to attain the target concentration of 1%.

[0052]

Example 12 shows that the off-spec gas mixture to be corrected has an

off-spec PH; concentration of 1.50%. 10 slpm of this off-spec gas mixture is re-

blended with .94 slpm of pure PH; active gas to concentrate the mixture from

1.50% to about 10%. Thereafter, 10 slpm of the 10% PH; mixture is diluted with

90 slpm of pure H; balance gas to attain the resultant mixture of 1%.
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the off-spec concentrations. Examples 13-16 also demonstrate the ability of the
blending protocol to treat a wide range of off-spec gas mixture flow rates.
[0056] In a preferred embodiment, the dilution step involves introducing the
H, balance gas directly into a recycle vessel, which contains the off-spec gases.

The recycle vessel maintains the off-spec gases at pressures lower than the H,
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14 Exanpl e 15 Exanple 16 Concentration of PH3 in off-spec mxture 0.5%
0.96% 1.04% 1.50% Stepl: Dilute to 0.25% PH3 O f-spec PH3 m xture (sl pm
60 WO 2012/121906 PCT/US2012/026545

balance gas. As H; balance gas is fed into the recycle vessel, the pressure of the
recycle vessel increases. When the dilution step is completed, the diluted off-spec
mixture within the recycle vessel increases in pressure, as a result of the high-
pressure H; balance gas being fed into the recycle vessel. At this stage, the high
pressure diluted off-spec mixture can be discharged from the recycle vessel
advantageously without assistance from a compressor or a venturi. The high
pressure off-spec diluted mixture can be directed to a mixer where a mixture of
pure PH; gas remixes with the diluted off-spec intermediate mixture to increase its
concentration from .25% to the target 1% concentration, in accordance with step 2
of cach of the Examples 13-16 of Table 4. Since the recycle vessel can be
maintained at low pressure during normal operation when the method of diluting
is used, this configuration allows the recycle vessel to be used as a collection
vessel in which the gases from the blending system can be vented to the recycle
vessel. As aresult, a separate collection vessel 111, as shown in Figure 1, is not
required.
[0057] The concentration and flow rates set forth in the Examples 1-16 are
intended to merely illustrate the protocol and wide applicability of the blending
protocol to various process scenarios. Modifications are contemplated. For
example, other flow rates and concentrations can be incorporated into the
blending protocol. Further, the inventive blending protocol as described may
consist of regulating with a mass flow controller or other flow control device a
single gas stream, two gas streams or all of the gas streams. Additionally,
although the examples above illustrate blending balance gas with a single active
gas component, blending of two or more active gas components to respective

target concentrations is also contemplated.

Table 4
2-Step Blending Protocol Example | Example | Example | Example
13 14 15 16
Concentration of PH; in off-spec 0.5% 0.96% 1.04% 1.50%
mixture
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39 29 20 H2 (slpm 60 88 92 100 Step2: Concentrate to 1% .25% PH3 m xture
(sl pm 99 99 99

WO 2012/121906 PCT/US2012/026545
Stepl: Dilute to Off-spec PH; 60 39 29 20
0.25% PH; mixture (slpm)

H, (slpm) 60 88 92 100
Step2: .25% PH; 99 99 99 99
Concentrate to 1% | mixture (slpm)
PH;3 PH; (slpm) 75 75 75 75

[0058] The inventive blending protocol as described in Tables 1-2 may be
implemented with the dynamic gas blending process of Figure 1 described above.
Alternatively, another dynamic gas blending process as shown in Figure 2 may be
utilized to carry out the inventive blending protocol. As illustrated in Figure 2, a
venturi type device 116 is connected downstream of the mass flow controllers 102
and 103 of the corresponding gas sources 101 and 100. By using a venturi 116
and taking advantage of the higher pressure of the balance gas compared to that of
the active gas, the low pressure active gas from gas source 101 can be mixed with
the higher pressure balance gas from gas source 100 within the venturi 116. As
shown in Figure 2, the main inlet of the venturi 116 is connected to the balance
gas source 100 supply. One of the openings of the venturi 116, which is shown
facing upwards, is connected to the active gas source 101 as well as the recycled
off-spec gas stream. The balance gas is supplied at a higher pressure and a higher
flow rate. When the balance gas passes through venturi 116, it creates a low
pressure around the upwardly-faced opening of the venturi 116 that is sufficient to
suction the low pressure active gas from the active gas source 101 and off-spec
gas from the recycle vessel 112 into the venturi 116. A compressor or other
pressurized source to drive the active and off-spec gases is not required. Since the
off-spec gas is able to be withdrawn from the recycle vessel 112 by the venturi
116, unlike the setup in Figure 1, the recycle vessel 112 can be set to be the lowest
pressure in the gas blending process of Figure 2. Such a configuration enables
gases from any part of the system to be vented to the recycle vessel 112. A back
pressure control device 120 maintains a substantially constant pressure drop

across venturi 116.
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pressurized 40@60ie t Ohaprcssard dighacisuliant bfvdded gassypreemgabighern thamthiat ofequi r ed.
Since the off.spe as is.ab 0.be withdrawn fromthe recycle vessel 112
by the. vent utios 6, A eRd Tiige b@hagHeRrbar oo T Peaiiie atse) 112
can be set tQcfR iniGctRICSIsRVEBRHEEtlA 11H%92Ra1peNdb RO RIRMESOf Fi gure
2. Such a configuration enables gases fromany part of the systemto be

vent ed to t héincedfisineayalpyethe pagn sypphalikesge dekvar gasss wveiod wilksy rapge 000

mai ntai ns a %tij;bSt%gtial IE% congt ant s@{le%su%fne aglro%qinacrao%s 1Véaerl;t riurl 6. WO
2012/ 121906PCHMUSS0 121 626545 ’E)B%ﬁ I r§ferr|'nge%8 Fgtfe B e active
gas from gas shews @By%aésameuih@dbwﬁstfdaﬁl IfrhixsPEIS. gake ypeswsaeplkdiR vessel
112 becone m xed wth the bal ance gas within the venturi 116. Mass fl ow
control | ers ToptaingePressercreemlatay | ey atlew corrglidsyice i @yhigh age pyoddo gas,

ba anee 925 Sy SORYBLS Ao ARLRAFLLHENpulORETLARRER.N ettt of 1P,
optional m xenalifa 198y The prosirt reyuédordidirst feantatrot tevisehit8ure 116 to
further bl en?eéurl]a%e ‘%Sr?lgét the requirements of the gas analyzer 106. An optional back
pressure control device 119 may be positioned downstream of the gas analyzer
106 to further control the pressure across the analyzer 106 if variation of pressure
affects the function of the analyzer 106.
[0061] The analyzer 106 monitors the concentration of the sample blended gas
mixture. If the mixture is within specification, the resultant gas mixture may be
sent to storage vessel 110 or downstream for further processing. Gas analyzer 106
sends a signal to controller 107, which then sends a signal to active gas mass flow
controller 102 and/or balance gas mass flow controller 103 so that appropriate
adjustments to the flow rates of active gas and balance from their respective gas
sources 101 and 100 can be made. This feedback control loop procedure is
repeated throughout the dynamic gas blending process to monitor the gas mixture
and make adjustments to the mass flow controllers 102 and/or 103 as needed to

ensure that the active gas concentration is within the acceptable concentration

range. Accordingly, the mass flow controllers 102 and/or 103 are dynamically
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[ 0060] The pressure of the resultant blended gas streamis higher than that
of Figure 1. As a result of the high pressure bal ance gas driving the

m xi ng ofwohe12zieidcée and recycl e gasses within venturi Pté/UuSgaz/o265as yzer
106 is positioned off line. This may allow the main supply Iines to deliver
gases over a wder range of flow rates and pressures than possible if using
an on-line gas anal yzer. Figure 2 shows a bypass sanple |ine downstream of
m xer 105. The bypass sanple line contains a pressure regul ator 117 and a

rate of the &aied ShehaeGRe RRbRRE b BRIV S by G PUERT ol TR,

pressure reglbll@rdcarcc&wy@mﬁeﬁétme/a@@@bmé %Q@yhp@alltlﬁeare regul ated to neet
the requirenents of the gas analyzer An optional back pressure control

devi ce 119 mad0a3¢ podnwopberd a@l@wlwg@m@ﬂanmlwé demvapiyeaan ofithe beek f ur t her

control the t re
af fects the %&%E@%gﬁmg@ ‘@ﬁ%eéﬂg @%@%axﬁtglg lg‘?gbéégﬂr %Eéeg%% gzsgrpl%d%%%m tors
t he concent r ali¢ @aindfigh b&sm@p@lybklmnd@chvg&ﬁngmmﬁngte rohtk thd@niplxgasr e i s
wi thin specification, the result? ]i“as m xture may be sent to storage

vessel 110 orMAdWASIewHHal di2fays %Fl@e@s%.ﬂg:Or@é?gala‘f?awylz@traifééhesends a
) I fl
signal to COﬂ&&g&ég Jggs%Féncee%g%lgmﬁle%ﬂ?%e Fhai fggﬁhegalrég& IpYPigastimss 11 ow

controller 102 mass fl ow cont

appropriate adjrwedr@mlﬂe goses ban thbwafterdicesntodovastreane iffhs gasesl atsahance from
their respective.gas sources 101 and 100 can be nmade. This feedback control
| oop pr ocedurBe§l gﬂ“@Beat ed t hroughout the dynamic gas bl ending process to

moni tor the 80@63']” Xt N§ 8n 8Rcni@RkS0o %ihﬁ%vﬂﬁ%%&httﬁe bIRpERSS dhli vk &@RErol L ers
102 and/or 103 as needed to ensure that the active gas concentration is

wi thin the ageepiiaphentenhéedtven bothe ubahgee gassbowniimbigyre 2, itee yanswi 1w
controllers 102 and/%ﬁmﬁ thgraqup f%egéasc%ﬂ?" ﬂ@%ﬁ(@l‘é"'ﬁ%s&ﬁﬁlﬁll?ﬁled | oop

f eedback contré’l er° d ‘accuracy of

the active arp«ﬂessmromega@ﬁe@gasns @@failcrehuyrmgh[tsaﬁZMhtﬁ@bal@ﬂw gagdth §dcanal
venturi may be placed downstream of the back pressure control device 119 to
extract the [EBwPréDwchepaivs eanmarde durgiredpvidreen afiiee vientwi AlQh pressure

suppl vy, ther%@¥or§¥ﬁ%ﬁﬁé}&&%¥%€ﬂ)§ o‘iﬁ}%ﬂ&? the sanple gas into a recycle
igu :

vessel 112, as shown | optional venturi extracts the | ow
pressure gasd48064h t h€hsavrplfehd vaneuri m@oﬁmgum iR ativaghagpowssur dloswppt y | i ne.
The extracted sanpl e ases can thereafter be sent downstrean'illf t he gases
are in speci R g0 f@a)@élfs&gtra Ué(Plﬁ’é?Wé’E‘?S\?‘éfe%BfWePHH‘? AMONGIHHR h t he

of f -spec gas S?égguﬂeé‘erﬁgﬁé A §eo'ﬁ§'b9&1u¥§fﬁtdﬁ)é hctﬂvje%agers ¥eRxRarlghe bal ance gas

shown in Fig t he venturi only wthdraw the
of f - spec gas tliarefiord mey naxitolbe stoesbiel 1ts]cbﬂresﬁonﬂhg gos essee £0lodt lower adi-i ve gas

is sufficiently hi to mx wt an %Igbodinent,
the acti ve gduNeny HBD G e BI5GB SR RETA G 38! Hef or e
enter | ng t he |8kEES frd@hOhctivieGs Soudee f(ﬂo@ﬂcﬂtfﬁ@ﬁn&é ah®hafdiprassint Wrinedd 6 of
Figure 2 is advantageous as it allows the

toxic gases at ambient temperature is relatively low compared to balance gases.

For example, the vapor pressure of PH; at 20°C is about 600 psia. Therefore, the

supply pressure of PH; has to be less than about 600 psia if no heating of the PH;

is provided during delivery. The balance gas on the other hand is typically non-

toxic and can therefore exert a pressure of a few thousand psig without risk of a

toxic leak. As a result, the high pressure of the balance gas through the venturi

116 provides a suctioning effect into which the low pressure active gas and off-

spec recycle gas streams can enter therein to provide mixing.

[0065] This configuration with the venturi 116 is also advantageous because it

preserves the pressure energy of the high pressure balance gas to create sufficient
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active gas to be supplied at relatively | ow pressures or even

sub- at nospheric pressures. This is advant ageous because many active gases
are toxi cwandizineref ore may need to be stored in its corcedpsendiong4gas
source 101 at | ow or subatnospheric pressures to prevent or reduce the gas
em ssion in the event of a | eakage fromthe active gas source 101

Furt hernore, the vapor pressure of these toxic gases at anbient tenperature
is relatively | ow conpared to bal ance gases. For exanple, the vapor
pressure of PH3 at i s about, 600 psia. Therefore, the s | y_pressure of
bre has to boate i RsSar T PR RS A Ty o RS r ov gec
during deli verylowththah@hAQ€ hedAfan6d gdd erRtabalty Ramdinkfn b Y@l &akl poifont oxi ¢
and can therefore exert a pressure of a few thousand psig without risk of a
toxi c | eak. MEesgute@éthietactivhgastiogieed0é srayrablopr greder matcrnlcdiligatéion ofrtbeigh t he
venturi 116 pre 'ggs a suctioning effect into which the |ow pressure active
gas and off-spec Tecycle gas streans can enter therein to provide m xing.

[ 0065] Thi s cgedéequr aFurther wutficiémeniv@gtcds bcdut Gvithoutsiy adoapicageasls because
it preserves Fhe pressure _energy .of the high presﬁure bal ance gas to create
sufficient Bhewyimgiesre b Hoe gag o thalendingtigient WEhQH oM sef S thighact i ve
gas and of f- SR BASwAAS AYRLsIN it 19 md BEn@iﬁ%@?ﬁ&n%&ouﬂfk@n%' lity to
maintain a | ower set point pressure of the active gas source 101 fmy all ow
gr eat er mat ercbmlprassdrlcaz atduonthefpossikiligeofi coptagasatiqn0¥eld fesultdneprodsetf f i ci ent

m xi ng can occur .wi t hout. using a conpres as shown in Fiqure 1. The cost
of the bl endiAymSEARILE PR SaragoNpIEsL00 OF SoRRRIRAMGURIS RGN wi th a
conpressor. AgeE7]i onghd Yynahhie okl RBHINIpRDYSL SFFWULO W cod b d ]irki®IFRE €SSOr

can reduce the possibility of contam nation of the resul tant product gas
m xt ure that Figureéne cappurstalirveagts andgdebpec Bagant caoan sttt gaedust gsessi ng.

[ 0067] The dynam,cC bl engdli rocess, of. Fi gure is configured.simlar to
Hoguro 1o capl s @i Jal uMnRGRs BieBunty SHER of Rt 2P PR 6 oauet
gas. Simlar cb@titﬁioﬁbl&%uﬁply'faﬂ@ﬁﬁmff?l% vaaelsbIFRRdEm ehesiblite quialfrF%ﬁw e 2 can
be used to continuously supply and fill nultiple vessels. Further, the
ability to qeapr§enirationeoithe eenipdueoyithan a steeaggasssel ktsnd adiushith a st or age
vessel 110 a i i . Nt r.aty .t hin by
ecyel i ng sacheaashe cliceRFERRARELu b ARRRTRE A AR HABEEHY O Y e

bl ended gas mkstiresrtRatiike oghcsuppioned tiebovimsicd @asmmistue Hmdsuppiapt abl e
specification. [0068]Wiile it has been_shown and descri bed what is

consi der ed tgoﬁﬁygﬁpiéﬂﬁﬂéﬁﬂ%ﬁpﬁgh¥§e%ﬁ°¥H@"invention, it will, of course,
be underst 00qoddaqt VaHiRYShATRHES ifodid ARSI ANAIRT ohHdLRE B Q& chigthpl | can
readily be made wi thout departing fromthe spirit ang scope of the

i nvention. | tmbsdinidmey @ftbe eyventming dedl, 6hatursehbsundevstortd that vaobube limted to

the exact form and detai) .herei.n .shown and descyr.j hed or.to gnything |ess
Lhan & he wholERARE FH\AERSN AL Ceangeat e eith At roa
Caims 1. Ardyéi¥ispirdasd Hapedirng inRddiied. 1Ak, tRefbsd, iiMendedaRNGRRt rati on of
an of f-spec gas mxture to a target concentration, conprising the steps of:
recycling thenwhfios peideginited tetthe exaghBrmeaarhdetailderain srownwngrdsiseriice
g];:lz:zgte(r:a???) rrllror} LA llllgn f;elssu &3 iR WEAE S e SNTADE R A diéfjlcrllos%]zifaﬁg pec

hereinafter claimed.
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regulating a flow rate of an active gas using a first flow control device,
wherein the active gas includes the gaseous conponent at a concentration
great er twenoihe1wtf- spec concentration; regul ating a flpowusatie/oods4mn

bal ance gas using a second fl ow control device; and re-bl ending the
of f-spec gas m xture with the active and the bal ance gases to create a
resultant m xture at the target concentration. 2. The nethod of claiml1,
wherein adjustnents to the first flow control device or second flow control
device are nmade in response to a feed cgn:ontrol | oop. 3. The nethod of
claim1l1l, wherein the regulated flowr of the active gas and the bal ance
gas are about equal to corresponding design flow rates of the active gas
and the bal ance gas. 4. The method of claim1l, wherein the difference

bet ween the df f - sgedynaatie st blardivameHedifpeadivttiget coperaintionel ¥veffs about 3%
or lower. 5. 0 ' rein &k .bl endi ng conpri ses
concentrati nﬁp%ﬂédsgﬁ(?lg%teocgtg%eggﬁcr%%ttr%%’ ?%Tﬁlfr&u%ﬁ% tzltreg{e%gjg)é%ncent ration. 6.
The met hod of cl aireoytlinguherogi-spet lpas siiapreafpstotaamndf neicwphirs@sheloffut i ng the
of f-spec gas concentration to the target concentration. WO

2012/ 121906 PSS FUZIUs2 s hKles 7 2aseaes RIIMBENGH 2@ Pgﬁ'%e?LFO%%‘F@l%;t he m xer
is aventuri. 8. t [ e el [ 40 t.hdr aws at

| east one of the f%@%@f@%?%%gﬁ%éfé&g%pﬁﬁgé g?ﬁ@é’@?&a %é.%é'lghe met hod
of claiml1, fwrrhetheaohpe ga ingduddsehs gepsuodomfonkntiatg candentrstiorsgreatage vessel

with the resultant S mxture;. and
L‘ghan tﬂe of1-spec concentration,

regulating a flow rate of a balance gas using a second flow control device;
and
re-blending the off-spec gas mixture with the active and the balance gases

to create a resultant mixture at the target concentration.

2. The method of claim 1, wherein adjustments to the first flow control
device or second flow control device are made in response to a feedback control

loop.
3. The method of claim 1, wherein the regulated flow rates of the active gas
and the balance gas are about equal to corresponding design flow rates of the

active gas and the balance gas.

4. The method of claim 1, wherein the difference between the off-spec

concentration and the target concentration is about 3% or lower.

5. The method of claim 1, wherein the step of blending comprises

concentrating the off-spec concentration to the target concentration.

6. The method of claim 1, wherein the step of blending comprises diluting

the off-spec gas concentration to the target concentration.
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recycling off-spec gas froma second storage vessel upstream of the m xer
to be re-blended with the active gas and the bal ance gas. 10. The net hod
of cl ai mwp 2odmeneton all of f-spec gas is routed to a recyclrast@zdedsss 11. A
dynam ¢ gas bl ending process conprising the steps of: recycling the

of f-spec gas m xture upstreamof a mxer at a recycled flow rate, wherein
the of f-spec gas m xture includes a gaseous conponent at an off-spec
concentration; regulating a flow rate of bal ance gas using a first flow

control device; reshl endi he of f.- spe as mxture wth the bal ance gas;
di | uting the9gff- ﬁgéneégos&%%%lﬁ]rgwhc?r nﬁ?elqﬂ?‘gﬂlscaovﬁgﬁﬁlrrati on that is |ess
than the off-spec concentration; regulating a flowrate of active gas

using a second flow control device, wherein the active gas includes the
gaseous conpénent Tae netheshefcakimal. ivdierain éwenturhyithdraws afleass gag of the

concentrati on; - rati the off-spec gas m xture fromthe
diluted concg%cp@[a%;aiogfnsl)teggf%%g&fﬁalésgtye Rcentration. 12. The nethod of claim

11, wherein the diluted off-spec gas m xture is discharged fromthe m xer

W t hout assi stance of a conpressor. or a venturi. to a second vessel for
mxing with the adiieveetiedso! gl forthey ropepeines e/ 26545 13. The net hod

of claim 11, wher g AdEHS L RS L@l §1E ifd £aliahl QW £QRKEChgdevi ce or second

{
fl ow control device ate made I'nh response to aa%e%évbac control |oop. 14.
The met hod of cl airenytling offesped gastfiven efsécongsmrgasvessck ipsteamofdhd mived t o at

| east about 5% bel ow t he target .concentration. 15. A dynam c gas bl endi ng
met hod for a&?%gfq'ﬁ‘ﬁnéaﬁ%c%mg‘%taf’ﬁ‘(fi%aﬁaﬂi‘fit]%{:nbag?nfc-egﬁ%c gas mixture to a target

concentration, conprising the steps of: recycling the off-spec gas
m xture upstream of a mixer, wherein the off-spec gas m xture conprises a
gaseous conpdflent The negthast ¢t dggocl, vdeeemel aff-spae gas is routed to a recycle

vessel.

11. A dynamic gas blending process comprising the steps of:

recycling the off-spec gas mixture upstream of a mixer at a recycled flow
rate, wherein the off-spec gas mixture includes a gaseous component at an off-
spec concentration;

regulating a flow rate of balance gas using a first flow control device;

re-blending the off-spec gas mixture with the balance gas;

diluting the off-spec gas mixture to a diluted concentration that is less than
the off-spec concentration;

regulating a flow rate of active gas using a second flow control device,
wherein the active gas includes the gaseous component at a concentration greater
than the off-spec concentration; and

concentrating the off-spec gas mixture from the diluted concentration to

the target concentration.
12. The method of claim 11, wherein the diluted off-spec gas mixture is

discharged from the mixer without assistance of a compressor or a venturi to a

second vessel for mixing with the active gas.
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regulating a flow rate of active gas using a first flow control device,
wherein the active gas conprises the gaseous conponent at a concentration
great er twenoihe1wtf- spec concentration; re-bl endi ng thecofUs2eipoessgans

m xture with the active gas; concentrating the off-spec gas m xture
to a concentration that is greater than the off-spec concentration;
regulating a flowrate of balance gas using a second flow control device;
and diluting the off-spec gas m xture to the target concentration to

create a resyltant.produc Lxture. . 16. The met ho claim15. wherein
TR ort dsmect gnamm ity o Ul st i PR IS B MY BBt ove-t e
target conceritviat bPsbcond flow CastroRIHRE adf med@inTeshansadaer ebdbable cé gl at ed
flowrates of the active gas and the bal ance gas are about equal to the

cor respondi nge@esi gn flow rates of the active gas and the bal ance gas. 18.
The met hod of claim 15, further conprising the steps of: qualifying the
resul tant product gas mxture froma first vessel that is filled;
sendi ng a qudki f i athepicalbuldf it T, xthdfetn fhe@fi-gpes gaomiktuess élluttdro stownst r eam
processing; and fillin ? third vessel with re-blended of f-spec gas
m xt ur e. 19.1%%@’0#&?%%@Qi‘l’ﬂ’é’ltéligﬁﬁ%,ce%f’%i n the of f-spec gas mi xture is
recycled froma recycle vessel, a storage vessel, a collection vessel, or a
conbi nati on t hereof

15. A dynamic gas blending method for adjusting a concentration of an off-

spec gas mixture to a target concentration, comprising the steps of:

recycling the off-spec gas mixture upstream of a mixer, wherein the off-
spec gas mixture comprises a gaseous component at an off-spec concentration;

regulating a flow rate of active gas using a first flow control device,
wherein the active gas comprises the gaseous component at a concentration
greater than the off-spec concentration;

re-blending the off-spec gas mixture with the active gas;

concentrating the off-spec gas mixture to a concentration that is greater
than the off-spec concentration;

regulating a flow rate of balance gas using a second flow control device;
and

diluting the off-spec gas mixture to the target concentration to create a

resultant product mixture.

16. The method of claim 15, wherein the off-spec gas mixture is concentrated

to at least about 5% above the target concentration.
17.  The method of claim 15, wherein he regulated flow rates of the active gas
and the balance gas are about equal to the corresponding design flow rates of the

active gas and the balance gas.

18. The method of claim 15, further comprising the steps of:
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20. The nethod of claim 19, wherein the off-spec gas is suctioned into a
venturi when the bal ance gas fl ows therethrough.
WO 2012/121906 PCT/US2012/026545

qualifying the resultant product gas mixture from a first vessel that is
filled;

sending a qualified product gas mixture from a second vessel for
downstream processing; and

filling a third vessel with re-blended off-spec gas mixture.

19. The method of claim 15, wherein the off-spec gas mixture is recycled from

a recycle vessel, a storage vessel, a collection vessel, or a combination thereof.

20. The method of claim 19, wherein the off-spec gas is suctioned into a

venturi when the balance gas flows therethrough.
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