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PCTI US98/ 21384 GAS PURI FI CATI ON SYSTEM W TH SAFETY
DEVI CE AND METHOD FOR PURI FYlI NG GASES
BACKGROUND OF THE | NVENTI ON The present invention relates

general |y two9assepyrifiers and, nore particularly, to a 93ggusesnizssPUrifier
having a safety systemfor cutting off gas flow to and renovi ng |rrpure gas

froma gas purifier. Gas purifiers working on .
sorption of iGABBVRIFICAHONEYSHEY WHE SAFRTY DEVICRONT MEBRFOR EURIFYING GASES
getter-based purifiers and catal yst- based purifiers. The difference between
the two types is t hat getter-based purifiers operate using the
chemi sorption principl e, BAGKGRQUNBOE THE INYENIEON 0 sorption, so that
once the purifier is exhausted it nust be replaced; while catalyst-based

purifiers omge ﬁwm&m&ﬁm&hxg&&am& Ig&n% efb%B' xﬁore%ffcbﬁh 158 %8s
purifiers may regener at ed ermal or chém cal ¥reatment once
exPaustpgifiechaying basyefem;feﬂmwgmﬁowo @edsremeying impure gas frfm e gatei r

regeneltpqlhhgln characteristic, but the range of gases which nay be purified
IS nar conpared to the possibilities of getter-based purifiers.
Both kinds of purifiers are meant to 15 renove traces of reactive

i mpurities fGasrpurifielseerkington sdrptignuef fmpnritioh avpindn bplogado tBotdateggsinss of
purifi | ation of
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referred to as etter columms I cal y i nclude a b getter

mat er i &1y thgrmaho qaégegmgntfqngqp#gugtppbr @kh}ﬁﬁdtmmcﬁ@@dﬂ%ﬁ brydesizghie i t i es
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Z i rconi | pURRASRA) A8 BeHuin?B 1Pédsah wréklgasdr a high concen&%ﬁ&nr&'rarﬁaﬁlcﬁﬁﬁgisl ion
results. A "high" concentration of Inpurity or "reactiye gas"), as
r ef er r ¢fgd inde theputifier, prdin gasesn gimeaspharie g9 ggain Hire of thewgaslingn t hat t he
heat generated by the exot herm c reactlon with the getter has not
time to be dgat Qﬁegdggsb?um%jﬁﬁtﬁ@  ex@emBl bBR gases, eg., argon, heliund,! OW Ng
gas itself) and accunulates with a steep rising of tenperature. The
cr i ti cahydseastrandaitrogen, for usegagpni@p@qnwu@msrmmaﬂq#@ poicessiig. Jagse(8ase. | t he

her heat, . of action t.he ¢ he L r|t|cal
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concentrations of nore 5 than 1-2% nay be critical, whereas it has

been obser veGettehBhsed éd%oﬁﬁ‘lﬁe%)'aﬁeﬁbt'éﬁidll?nﬁazﬁ%@éNb&ause the getted dmitesial No
problemto the purifier, due to nltro?uen s lower reactivity.
contained therein may be highly reactive with high concentrations of certain impurities. For

|

example, a high concentration of an impurity gas, such as oxygen, may be accidentally
25 introduced into a gas purifier containing a known zirconium-based getter material, and an
exothermic reaction results. A-“high™ concentration of impurity gas (or “reactive gas™), as
referred to herein, means a quantity of gas per unit time such that the heat generated by the

exothermic reaction with the getter has not time to be dissipated (by conduction, or by the



The steep tenperature rise resulting fromthe exotherm c reaction may cause
mel ting of the containnent wall of the purifier. The coritai nnent
wal |, which is typically forned of stainless steel, may nelt at
terrper atures_as | ow as about 1,000 C because the getter material 10
contacting tHR*¥HNE%i nent wal | reacts therewith and forms g ﬁ# tic
conmposition. If nelting of the containnment wall resulty h”‘f he

format i omyvahe gasheéxs aw@crcahmate; Wit REB b tefpRlatind) "Bl critical amoumef the
getter mat erl al occurs, which is potenti aI 'y Catastrophic. The destruction

of the ggasdenends on the natmgrolfthe@as €usd thedvigher the ieat of traetion with thametter.the i ons
woul d r gas
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sintering of particles and heavy formation of nickel oxide, with the result

t hat the purithe elreep' ®mpérature rise resulhﬁglgem thegethernib reactioniflay cause melting 1 n view

of the f regm t her or a.,safety. devi.ce faor erI’S
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mat er i al stdifleds BRe¥RP ekt |agﬂm§&ﬂﬁﬁ%§ R @MSout 1,000 C bedhusk Eﬂétg'ettér)tmﬁafaﬁs are
i ntroduced therein. To ensure that the gas purlfler is al wa)ig pr.ot ect ed

agdPnst oRaging thy comtsinmentwallreactsrtherens iforms 2 epigeticrompositione IEMEIENg devi ce
must be cff Hﬁhﬁ{nent wal] results & th@?dxﬁauon'd?a%ﬂ%er% thsh bréddR of dnBlinmdeVi ce
preferably shoul d not include conplex I nstrunentation which, in
addi t i orpfites gréfermatesig) @neisy whxchnypmmhlér cmwnhm;tl‘lvrdemucg@neﬁthc getter

fal se al ar. I ch _are di
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safety syegtieHickel bed can Bbattuf Qo nBfeflire wﬂu@ruﬂ #®But 600-800°C, that may leadftbgure 2 is
a bl ock diagram of, a second enbaqdi nent of _a gas purlfler and, saf ety

syst em ofiniEPRE 9fpadislss andheapy formation of aickel oxide, With the pesyl that the pusifigr i5pg

di agr am phge rdglhdrshiembodi ment of a gas purifier and safety syst em 10 of
t he presen% I nventi on; Figure 4 is a block diagram of the
firsg enbodi MRR&ewbE ﬂl@%t%ﬁlgpthretefﬂs Q"neéﬂ’%r%asﬁﬁfy)’devme for gas pusti@swdfchFi gure 1 -

i ncluding a control unit of the present invention
protects against breach of containment of the purifier material in the event high concentrations

of impurity gases are introduced therein. To ensure that the gas purifier is always protected
against breach of containment of the purifier material, the safety device must be extremely
reliable. In other words, the safety device preferably should not include complex
25 instrumentation which, in addition to being expensive, may either malfunction or generate

false alarms which are disruptive and costly to a semiconductor fabrication facility.



Figure 5 is a block diagramof a different enbodi nent of the gas purifier

and safety systemof Figure 4; 15 Figure 6 is a bl ock
di agram of a fourth enbodi ment of a gas purifier and safety system

of the presewp ssmaosnti on; Figure 7 is a diagrammtic

il lustration of a first enbodi ment of a safety device of tRETUSIs 21384
present invention; Figure 8 is a diagrammatic illustration
of a second embodi ment_of a safety deV|ce of 20 t he present invention;
Figure 9 is a di agrama ) PAZON O T3] ?'L“U\Lw'nbOdIﬂEnt of a safety
devi ce of the present |nvent|on gure-10 is a

di agr ammat i c Th¢ prgsent 'ét’?@ﬁn will be sy undessiorsynibe follgwing d§¥§¥1€d& %ﬂsﬁ@@%e of
the presgRbnjidbh6R Wit he ackmpanying drawings, Whétkih 8ikd tefbrend ﬁﬁﬂiﬁ@&@ﬁﬁ#g
illustration of a fifth enbodi ment of a safety device of
pr esent }kﬁﬁté?ﬁqfﬂﬁe“}fﬁﬁsa“dmwmh Fi gures 12a and 12b are
da ;,gmgfte;gﬁigue;:ﬁg W0 Baglim O SE ehabodinsent 0F 4 gas purifer aad Satlty system
3 of the present invention; DETAI LED DESCRI PTI ON OF THE PREFERRED
EVMBODI MENTS The preferred enbodi nents of the present

i nvent i on W Figuraosllvisbe bitek aliagineriof a setehdicmbodiment of argdshpuriiteaeinaaety 0 t he
acconpanyin .
Saf ety é%% eﬁg&%%%ggéhwmnmm Figure 1 shows a purifier systen110

i ncluding a rsoi-‘i;s'f & #g"gﬂ& G ke b bk

accordance vmgt?g,r%]1 | rb!étké1 odi meant o%‘gﬁcﬁlé épgir%efsey% lﬁ“ﬁ&%rna?ﬁg?]é@(s;%% pur| fier
1210 of thejpresentdnventingis i ng 16 havi ng an inlet 18 and an outlet 20. I|npure

gas flows froma source rough gas pipeline 24, through inlet
18, and i nt oFiaee ‘bLﬁH‘?"é’F d@é"amA?ft‘B? ﬁﬁ‘ié”“\ﬁ&%“‘i"%‘ ‘ﬁpLFP‘F £psepprifier and safety o gas

flows trb&ﬁb!ﬂ'&fpigﬁﬂeqtmoﬁﬁhmélﬁdbkml%ﬁ oﬂﬁspﬁlseﬂ@inlvélﬁma‘l and into the desired
envi ronnent 28

Figure 5 is a block diagram of a different embodiment of the gas purifier and safety

devi ce

system of Figure 4;

15 Figure 6 is a block diagram of a fourth embodiment of a gas purifier and safety system

of the present invention;

Figure 7 is a diagrammatic illustration of a first embodiment of a safety device of the

present invention;

Figure 8 is a diagrammatic illustration of a second embodiment of a safety device of

20 the present invention;

Figure 9 is a diagrammatic illustration of a third embodiment of a safety device of the
present invention,

Figure 10 is a diagrammatic illustration of a fourth embodiment of a safety device of

the present invention;

25 Figure 11 is a diagrammatic illustration of a fifth embodiment of a safety device of the

present invention; and

Figures 12a and 12b are diagrammatic illustrations of a sixth embodiment of a safety

device of the present invention.



10 such as a sem conductor processing chanber. Gas purifier 12 may be a
getter-based purifier or a catalyst-based purifier: Particular
focus is placed on getter-based naterials and purifiers herei n, but
t he safety s%stem principles of the present invention may al so be adapted
to other 099/196¢ i fiers, such as those purifiers using b metals to
renove oxi di zing species froma gas e.g., a zeoli teéﬁﬁmt Bfed in a
cat al yst - based purifier nay be provided with saf ety deV| ces 15

optim zed for Yseprif Bﬁ Jesults.
The i npl enment atTon o gas purifier 12

p )
are wel | The p eféfﬁ@%b?ﬁm@ﬁ?ﬁ?th@ 'ﬁtekén?%v’mthoh%b%% béﬁ%&tﬁib@&ha% gas

purifier 12 may be made from an l'e materi al

suffici %ﬁh&kfe%@&&hh@d&éonﬂiagﬁnémﬁ gature resistance, e.g., netallic
materials. In a preferr enbodi ment, housing 16 is made of stainless
steel. As is well known to those skilled in the art, the interior
of gas purifier 12 |ncI udes a cofdfety Systanis wal | and a getter punp
or bed (not shown) to facilitate gas purification. Wien gas to be purified
flows through the getter bed, the getter material form ng the bed sorbs
inpdrities fFEHY °&5§P““ﬁersys‘em Wt%ew Pﬁﬁﬁﬁrfl?é%dﬁf’ge%%“’ mdmerci al |y

32 80 B carding, iy 3, BT FbAS ;,g;,,g of e, g pasmtion FRQEAE fer ter bea.
Th f f f
po 1 ot s, EdER btk acx ity BOICRELE S0 Bom 20, Lopwa BRI A A BP0y of
Sﬁﬁ”ﬂéeat%“ L i34, ool Y o B ALt B AR o BANE Et%ﬂnﬁir M he
s o PP R Aol e SR Lo
al lygy has%cﬁascptmc%nttm p?JF ﬁ ab%E @gsdq%ﬁem%agsbe Gﬁ;&&@tﬁé& Rlifget ter

material for puri ters S.p. A of MIan,

Italy, med'atatﬂﬁ)a%@ﬁﬁﬁgxe SPaﬁﬂ:ﬁfal' %'Eusglté placed on geﬁerﬁ:%?bﬁ%at&ﬁ% a2l W getter

material is a Zr2Fe conpound he safety system 14 of the
present Refdi bt B8 sdfety Byt gtath;n@ o@ﬂetpeéé&mtrtvenm&nwsofu&aaplai to other -

purifiers, such as those purifiers using base metals to remove oxidizing species from a gas
e.g., a zeolite-nickel bed in a catalyst-based purifier may be provided with safety devices

15 optimized for use with the appropriate gas for equivalent results.

The implementation of getter purifiers such as included in gas purifier 12 are well

known to those skilled in the art. Housing 16 of gas purifier 12 may be made from any

. suitable materia] having sufficient strength and high temperature resistance, e.g., metallic
materials. In a preferred embodiment, housing 16 is made of stainless steel. As is tvell

20 known to those skilled in the art, the interior of gas purifier 12 includes a containment wall
and a getter pump or bed (not shown) to facilitate gas purification. When gas to be purified

flows through the getter bed, the getter material forming the bed sorbs impurities from the gas

and thereby purifies the gas. Commercially available getter materials appropriate for the gas
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10 from acci dental "i ntake of high anounts of inpurity gases that are

reactive toward the getter mat eri als, which can produce a viol ent
reaction | eading to destruction of the purifier and safety and
envi ronment awoh@asgsds. The safety system of the present invention
preferably i ncl udes safety devices 20a and 20b t hRCT&MB3¢Ne

| gh . ' ' . Ih f et
Gevi cos srmAiRed LI RARRY Snihg LR bra. The severEREY WinBRaR il ” 07 11

sensi ng &Xd&f’%é g&g}ié ?orgxaa?%%net?,%%sgpg&&&,ré}inu | érgogzzé? s[n‘?ﬁ)?é $pd. ggy g%g%‘?.r si gnal

and contr ves rotect the purifier; cri bed

el 0w, | dkabe Sprbdelred gMEPRMEH for phit5ind Hobile Yale Yhehhs 22 He are solg b5, P! aced

on the gas pipeline 24 such that "all gas fl'owm ng throug e pl peline noves

t hrough gAws Getters .58, SA1finy 14§ ind& Kdfade designations St 707™ and ST10IRS fheam saf ety
device 20a is pw%fgrably %?acgd upstrean1i#m?hesgas flgﬂlgﬂrough 20 t he

gas spur i riverm™lelioy A DRPSES0H 6F TORRUIBVIIES “RRY, %3l SlaywBerd, Cehed0l@lescr i bed

bel ow), the upstream safety device generally detects and reacts

Wi th anyaliofhds @ SRPoditidVbMNT Witk Tride 16 wi% AL  RiREkHae getdr mitehiefopor mal
direction of flow, thus, the upstream safety device 20a nust be

capabl e ptifyihd NSisaoli 6Y0SARS ety 8. A, iofdiladsItaly nindénad thed @slnatibhiges, t he

upstream safety devi ce should have a reactivity | evel based on a
bal ance 198™\cFhe St 8™ getckr nitedialris AFiFeavolnpbend.

5 requirenent in normal operation, and a fast reactivity
I n an energency. For exanple, a typical- mnimmlife requirenent

can be about Tée pajety pistem 1 of Shket present invendonds proyided toriratastdlbe gas purifice 12

20b can have a hiIg_h reactivity since it is nore of a " one-shot" device, as
expPai nefipnpagcisigntal intake of high amaynteef impprity gases bat arecreaptive ovard tha gttt e 20a are
described in detail below The operation 5 of the el ectrical signal
and cont™¥erialiivehicky @n quedurs padplet repctieny leading do destmptipg, of the purifier and

Downst ream saf ety _devi ce 20b is_placed downstream of the gas f] ow passing

t hr ough safety and eryirenmental ihagardsq sThessafely systamy iof heoprpsents inypmipR RERfe @YY pr ot ect

the gas purifier 12_fromth§ ] )
includes safety devices 20a and 20b that sense the presence of the high amounts of impure

reactive gases. The safety devices preferably produce an electrical danger signal in reaction to |

15 sensing the impure gases, and a control unit can receive the danger signal and controls valves
to protect the gas purifier, as described below. In this first embodiment, the safety device 20a
is placed on the gas pipeline 24 such that all gas ﬂowiﬁg through the pipeline moves through
the safety device 20a.

An upstream safety device 20a is preferably placed upstream in the gas flow through

20 the gas purifier 12. As opposed to the downstream safety device 20b (described below), the
upstream safety device generally detects and reacts with any impure gas flowing into the
pipeline 24 in the normal direction of flow; thus, the upstream safety device 20a must be
capable of withstanding aging over time (as explained below). Thus, the upstream safety

device should have a reactivity level based on a balance between the need of a minimum life

5



possibility of a backflow of gas back into the gas purifier 12, in the
direction of arrow 21. For exanple, the flow of inpure gas in
pipeline 24 into inlet 18 of purifier 12 m ght be stopped 10 due to the
systen1gO|nqNg9w rocessing requi renents, etc. In such a case, the
purifier nay have an internal pressure |ower thafy4d gaggpssure
domnstrean1 t hus drawi ng back downstream gas fromthe atnbsphere or
pi pel i nesquifément innokma wperation,'dnd @ fdt fehetivitpin dh emergency. FoBxamplemtypicd a si m-| ar
condition where the pressure upstreamfromthe purifier is |ower than

t he pr egsnimemdiforsnirazant ciidelsbalt 6tommgs. fy guntrastf thpdeymstreanasaftiedaviskerred to
as "backflow' 15 herein. In other situations, errors in operation of

t he get 26 camuinaivé rdighrreactivitycsimcetihistmaraof@ “ one-shot” devicena explajaeichelavo f | ow in
the direction of arrow 21. Since the backfl ow event may only occur -

i n i sol Zrefrediimplgmentativns of safﬁlfbedqmmil@@ pre dnscaibgdein delgid bplew. Tp opssatiobe a
one-shot devi ce that include a highly reactive materia

sense aohthgrleeitical signa) a‘éﬁ°°ﬁﬁ?§d‘ﬁ’é%éﬂ§S°Fh°ddm§H6fef°n°°t°F‘g““ -amount of ti rre
Preferred |nplenentat|ons of safety device 20b are described in det aj

bel ow.

200 or the. rRPTSGSE B R DY 1 P dbin f‘*ﬁhﬁﬁ G ?%5%;5%250? "o
Y 70U E0p @0 ! Ok dlicd B Whrolflod UP pISN] SRSLASNBER) B e

the mai & one d v nflgur

the pi Mposs %ﬁﬁ*}?&ﬁa?lfﬂowoféasbacﬁﬁa%ﬁggﬁéﬂnkwtﬂthém}e g;ggrr&%f'fd{' arly be a

proble oW rdates are ne itron, replacing a

devi ce 2020 ueOibow eéﬁ{pmerg?ﬁ i'ﬁ@hﬁ'nlt& nﬁet%éoﬁg&dgﬂegugd@{tbe% i on.

6 ety system 14 evi ces Z0a and 20b
of 1phe QueRaRE sﬁ&\&??&ﬁ@&b\ﬁai}m@ésﬁg Reuirements, etcuﬂagxch'ﬂ cQél,nﬁx%‘ﬁhhﬁ’é? 181 th other

safety systens ‘or device Figure 2 shows second

embodi mgp }' Hele aRfinfehfal BH:E&JH Riwes Y2h Ol QreshPE dBWERRRh, thus drawmg BacRnt i on,
where sysfem 10' includes a getter gas purifier 12 and safety system 14

fornmed igBwnstream @G%ﬂﬁ%ﬁxﬂ%ﬁh@ﬁ%ﬁ?@&ﬂﬂ enfiodi e o thadirsiognt
I nvention. Gas purifier 12 and pipeline 24 are simlar to the

puri fi erpdagrihedsivilid ton@fiG PRESthE BrebutiiipRtrehm FdAeths huefier ivlewiralem 20a and

the pressure downstream. Both of these types of phenomena are referred to as “.bag-:kﬂ-;;v”
15 herein. In other situations, errors in operation of the getter purifier may occur that c;uée
impure gases to flow in the direction of arrow 21. Since the backflow event may only occur
in isolated circumstances, the downstream safety device 20b can be a one-shot device that
may include a highly reactive material to sense a high quantity of impure gas in a short

amount of time. Preferred implementations of safety device 20b are described in detail below.

20 One advantage to placing the safety devices 20a and 20b on the main gas pipeline 24
is that there is no waste of gas by routing a portion to of the gas to the devices separate from
the main gas line. However, one disadvantage of this configuration is that the pipe section is
reduced in length, which can particularly be a problem when high flow rates are needed. In
addition, replacing a device 20a or 20b interrupts the main line 24 and purifier operation.

6



20b are also simlar to those described above and are described in detail
with reference to Figures 7-1 1. System 10

i ncl udes system devi ces 20a and 20b which are provided on derived 10

pi pelines thwoduasseh fromthe nmain pipeline 24. For exanple, upstream
system device 20a is connected to the main pi peI i nPCTAISP821B84anch

pi pel i ne 30, downs stem dev, iIs connected to the
mai n pipelin y%sﬁP%£%@nﬁ§¥ géazan zﬁgﬁﬁﬁ‘f’?feﬁﬁ“ “fvﬁ’émé‘aﬁ“ég'\ff’ Bevi ces

20a and _20h have vent. t‘h salf.%}, which to.release the gases passing

t her et hP*S0R SPEeHPa Wi f other oy ™iSfHer e syst em devi ce 20a i ncl udes
vent 34 and system devi ce 20b incl udes vent 15 36. I n

thi's confi OUFRuOD fwD R obAR Albokifende L 6! Alicoh oAl oFBh P! | e 24

I's routed rou pi pel i nes and through the system

devi ces ﬁﬁﬁnﬁ%‘@hg{@ gteQn H@Qn@}ﬁ&?ﬁ%g@é}‘agas purifier 12 and B8 syﬁeﬂ'lim ge is

that this portion ot the gas is l'ost to the system Typlca ly, a fraction

of  gboutychidhdt me 440k Qhbddlifent B5thE PleSent mgemtaﬂ SYShifet B2 h@Yipelifle thi s vay.
For exanple, 20 typical purifiers have flows between 5-5 rrB/ hr, whi ch

I s aboutz48a:s3aflarit the parifidrAeschbddwititeference to Figure B TheQdfety2d20idbs Ida Gnd) - 9 liters

of gas per mnute are passed through both system devices and | ost

t hr ough 20 atd 41§ silklivetsthose AASCABEPFRSe Bid irb esyiBéELH debifl Wite refdderRa %0 €1
construction since the nunber of joints and wel dings on the gas
| i ne ar &iguresi?ilzed, thus reducing these possible sour ces of
contam nation. In addition, a system device 20a or 20b may be repl aced
wi t hout

i nt er rupt i ngSystm g0t ircludesy systent devices 202 iard 29hevheqhb§ammicdoqn furiyed e 1. For

t hese reasons, the system 10" is the preferred enbodi nent, discl osed
hed@i n. pipelines that branch from thej iR gipglingRdwg onexpmpleipshesatyRERdeior 2081is t he
purifier system of the present i nvention, where system 10" i ncl udes

a get t ercopfiested i fiyejmpain pipelinei24 by E‘P’}Chs!ygach@ﬁ?ﬁﬂwllﬂlfrwtrﬁﬁm system device

20b is connected to the main pipeline 24 by branch pipeline 32. In addition, the safety devices
20a and 20b have vents through which to release the gases passing therethrough to the

atmosphere, where system device 20a includes vent 34 and system device 20b includes vent

15 36.

In this configuration, a portion of the gas flowing through main pipeline 24 is routed

through the branch pipelines and throngh the system devices 20a and 20b to the atmosphere.

Thus, a disadvantage is that this portion of the gas is lost to the system. Typically, a fraction

of about 1/100 - 1/1000 of the gas entering the system is lost in this way. For example,

20 typical purifiers have flows between 5-50 m¥%hr, which is about 85-850 liters/min. With such
a flow, about 0.8-0.9 liters of gas per minute are passed through both system devices and lost
through venting. However, advantages of the system include an easier construction since the
number of joints and weldings on the gas line are minimized, thus reducing these possible

sources of contamination. In addition, a system device 20a or 20b may be replaced without
7



5 accordance with a third enbodi mrent of the present invention. Gas
purifier 12 and pipeline 24 are simlar to the purifier described
with reference to Figure 1. The safety devices 20a and 20b are al so
simlar to_[g&pggg‘%gscri bed above and are described in detail wth reference
to

I gur 7-1 1. System 10" i nclpgegdfasso em
devi ces 20a and 20b which are provided in a parallel 10 =~ con |§|§Jration

evi nd 20b whi ch are f _ . nf g
br anch Trerepid it SRR By Bleb Rl el pEHRLET, SO i B 107 e

i nput OLysfeQﬁ(ﬁ)ﬁﬁ@ﬁh@x‘?é@éﬁ%oﬁiﬁﬁﬂtcﬁ‘sclosedhcrein.branCh pi peline 42 which is

routed fromthe output of the system device back to the main '
pi peline. This systemtherefore does not waste or |ose any gas to the

at nospher e, Fpnee. shohe@ a third embaiirfent SLODT aflighet puifiek sistdnd dof ke pRdsént pi pel i ne

U

after passing -through the system device. System 15 device 20b is
si m | ar fnyengion\witesystet 1108 includpsid gqtbepgds ipnifist 42 andisafiety systeput4 foimpellinne 46. | n
some enbodi nents, a flow control device can be provided on the

pi pel i neccoufartee wikharthirhembodisuent ofithie present invention; tGaa pufifiond € iandhpipelipe 2he safety
device 20a (and 20b) to provide the correct pressure to allow a

desi r edagsisiler tothe gurfiar dessabed) widh refagence tq Figus df cthy safeli davices 20a and

D sadvant ages  of .t his enbodi nent jnclude a conpl ex construction and

possi bi P9t e @so sippflar to thosedeseribed pboys Apd AferrlessrvRd ins detall With Z5femenssitpel i nes
must be attagqi:d to the main pipeline at two pl aces for each
safety 5‘595&& “‘fnstead of just one as in the enbodi nent of Figure 2. In
addition, the parallel configuration rmay create an undesirable pressure

drop in the gUspfl {0™mciudes system devices 20a and 20b which ided jn a parallel
8 3 metudes sﬁmslhgﬁlcﬁ bg aF\’ot ed“{ catar? rémcgnfl} agr atel ons of the

thige e@@ﬂg‘ﬁﬁ&{@tﬂéﬂ)%t t?ﬁﬁ%ﬁpﬁﬁbﬁm 24. Thus,Q?stEEh%@ﬂcéZbQ?&cﬂﬂEs“’ra&hSi ngl e

safety system 14. Thus t i's possible to have a seria
confi gubr’iSElﬁrQWOQ]{'hiéi H4bRed bR thd Afin PHRliAOR S HPhUTEEHskes dORe, AN a "tee”

configuration o
branch pipeline 42 which is routed from the output of the system device back to the main
~  pipeline. This system therefore does not waste or lose any gas to the atmosphere, since. the
gas is brought back into the main pipeline after passing through the system device. System
15 device 20b is similarly provided with an input pipeline 44 and an output pipeline 46, In some |
embodiments, a flow control device can be provided on the pipeline 24 between the input and

output junctions to the safety device 20a (and 20b) to provide the correct pressure to allow a

desired amount of gas to be diverted to the safety device.

Disadvantages of this embodiment include a complex construction and possibility of
20 additional contamination, since branch pipelines must be attached to the main pipeline at two
places for each safety device instead of just one as in the embodiment of Figure 2. In

addition, the parallel configuration may create an undesirable pressure drop in the pipeline.



Figure 2 for the downstream system device 20b within a single system 14.

5 Figure 4 is a block diagram showi ng the purifier system

enbodi mrent 10' of Figure 2 including a control unit of the present
I nventi on. . Woessnessor ol unit can al so be used in the ot her purifier
system enbodi ments di scl osed herein. Cont FPOIUHIRR213860 i s

provi ded t o I\%\F}gﬁf{d%em geﬁ tgiggh RS S gﬁ&eeoefmb%dgﬁ &tsh&gn %ﬁ@@ e 8RS

purifier a reactrve gas Is etecte by system

devi 0 I f
syst om BEFiEe %ésthcf i 1 Mol sy SRR AR (Bl 150 R0 & B (BT ol G

onl n the threshold
of high I ve ' t e 13 I n
e pons SRaatt B iglE 11BF B8 shieel SELR donils 206 aRYE G ChligiRudlE, | 0
cont rol g%ll-eVZefo§§xc dg\bx?ﬁtream sygtem %2%5 B&H witidh ¥ Single sj/s?enppé' tioned before the

I nl et 1§’on mal n I'S responsive to th cl ose signa
fromthe control unrt to cl ose and prevent any gas fronrenterrng purifier
12.5 The 15 Fiﬁu.rGQrIE h Block BiabraR(shEwRihg She Purifiet $ysRmOanitddintat DP@fFighw2al t o
valve 56 via line 54 to cause the valve to open and all ow gases to
pass i NiRiddiR Pebntrbl @it di2the HieSéne Mvemtiong, erhd@onisélninitanh wisc e usadtipute a

danger signal on line 58 to control unit 50 when a high amunt of reactive
gas i s o@esSRfifiersystem embodimentd disélbdedhersint uati on, and the control unit can
out put an open or close signal on line 60 to valve 62 which is
positioned after outlet 20 on main peline 24. The val ve 62 qgpens or

cl oses the @entrol msmlsprweﬂm@mog@eapprsmrpaqced%wrpmt?f@ns tegk si gnal

fromthe control unit. Thus, .in case reactive ener gency,
the conprafieraiwhesa highgmeuntiofa r@ﬁarwas 6 dstecisd by @fsfe@éffﬁ?’fﬁ %A% °"t%

emergency zone. In the preferred enbodi ment, unit | oses bot.h vaIves 56
and0 62 ithis embesdiment, an alarm signalds,seahfpry gytsm ??é’b"‘&rza? & m=0 z ?ﬁ@n@gé@ 9c

energency zone. This can prevent .any possjb
9

when the threshold of highi lavel resRtivengassrcis rﬁi&‘ﬁctsﬁlrév Jen Bt 20 dR puri i er

caused by pressure differential and
rZspgnse, the control unit 50 sends out a close signal via line 54 to control valve 56. The

control valve 56 is positioned before the inlet 18 on main pipeline 24, and is responsive fo the
close signal from the control unit to close and prevent any gas from entering purifier 12, The
15 control unit 50 can similarly provide an open signal to valve 56 via line 54 to cause the valve
to open and allow gases to pass into the purifier 12. System device 20b similarly can output a '
danger signal on line 58 to control unit 50 when a high amount of reactive gas is sensed in a
backflow situation, and the control unit can output an open or close signal on line 60 to valve
62 which is positioned after outlet 20 on main pipeline 24. The valve 62 opens or closes the
20 main pipeline 24 as appropriate according to the signal from the control unit. Thus, in case of
a reactive gas emergency, the control unit 50 closes the valve 56 or 62 corresponding to the
emergency zone. In the preferred embodiment, unit 50 closes both valves 56 and 62 in case of

an emergency regardless of the specific emergency zone. This can prevent any possible



gas concentration gradients resulting fromclosure of just one val ve.

The control unit 50 can be inplenented in many different ways; for exanple,
di screte | ogi ¢ conmponents, a m croprocessor, and/or software can
control the valve operation and 5 signal 1/0 and/or a m xture of

sof tware and"R&W¥&re can be provided to inplement the  perusssmiasq
functionality of the control unit. Methods and devices for controlfl ng such
signal s i in th -eré bk RS b EduSdd ty'or QAffferential and )

Fi gure ﬁ&gﬁ%ﬁs‘)héﬂs_e(ﬁoﬂg? lrcég%%onenw that can be yr(;Pptionally used in the
"Tee" a5 concentritfR gt AAith A rds@iin O from JiogirY oi@st bfi®valveDa and 20b of Figures 2, 4
and/ or § (Qiﬂec val'ves 41 a and 10 5a can be provided surroundi ng the

safety device 20a to prevent gases fromflowing into the pi peline
from t he venThe odnfrolamit 50 Bin telimglemiented mmany idiffecant way; fomexamplpdiscreleoned
before the : safety device 20a to fix the flow rate of gas through

t he saf digjc canponents, Anmicheprocessbry @ndlidrasoftavare can control the vplve wpefetibnt andcont r ol
access to the safety device. Simlar valves 47b, 41b, and 45b and fl ow
consrol sigeali i@, ah@for @amixbiee pf sfiwdeedanddhardivareean e ided tshimplement the

Figure 5 is a schematic diagramof an alternate enbodi nent of the system
10" shovimctionality of thg ¢pniplgunite Methads am demices dor canilling geh gignals a9'wellr ovi des an

additional protection for purifier 12 by controlling venting of
t he pur ikhovar todhesaBidied in the art. As in Figure 4, control- unit 50'
recei ves danger signals on lines 52 and 58 from system devi ces

20 d 20b, I vel d out /cl | Led 54 and
50 t o val vosFIESg s aio o R ourali Rl R 5 PSRy BR I o TRl T NG
d I I | I X icnl 66 vi
e 68 coRpRRn f =i Seeen a0 offigursn 2,4 pgfis” Bt s WL MR O, 12
| fi 12 ts. th h g ' | Aok ] th
Conbr of 45AF o vid) shrbinfi U B Gl SR R e el AT | IF

\{gnt Valp\{pGeliZlez fr\éxin cla ivgn?. Z\A'ﬂ&? coRfel dQ\;ice%rooctﬁicE RS, vl W positioned before the

safety device 20a to fix the flow rate of gas through the safety device. Another valve 47a can
A be provided to control access to the safety device. Similar valves 47b, 41b, and 45b and flow

control device 43b can be provided for safety device 20b.

15 Figure 5 is a schematic diagram of an alternate embodiment of the system 10° shown
in Figure 4. In Figure 5, a control unit 50° provides an additional protection for purifier 12 by

controlling venting of the purifier chamber.

As in Figure 4, control unit 50’ receives danger signals on lines 52 and 58 from system

devices 20a and 20b, respectively, and outputs open/close signals on lines 54 and 60 to valves

20 56 and 62, respectively. In addition, control unit S0’ can send an open or close signal to an
inlet vent valve 66 via line 68 to open or close the valve. The vent valve is open, the gas in

purifier 12 vents to the atmosphere through pipeline 70. Likewise, the control unit 50’ can

send an open or close signal to an outlet vent valve 72 via line 74 to open or close the valve,

10



such that when the vent valve 72 is open, the gas in purifier 12 vents to

t he at nosphere t hrough pipeline 76. The vent val ves
66 and 72 are used to expel nost of the reactive gases fromthe body

of the purifwewstsdsoduri ng an accident. For exanple, purifiers typically
operate at about a 5 constant pressure. During an enmeF§EfEls213¢e

purifier is.isqlated by the,cl.osing.of inlet_.valme 6 d outl et.
val ve 62“%)#‘??0 BPe tvalgf)ﬁ IS Pper, e ges da P é’?géeqsl?s}'eéﬁ tgpﬂe‘?g eSPHS shut down

t he syste uring the very first seconds of the accident, the gas
conposi Wip#eb‘ﬁe 6Elsol at ed purifier nostly consists of the inpure
gas to be purified at the purifier working pressure. Dependi ng on

the type of Aacci ' ' : i 411 enter
from R0 - RCVREHiyes 57 Sl BEE il sl mBIT e e Reai B 6 B30 e of
the puriti.er . (i ) C ol ; |5 either
the ondt YEpiRe 17 i GPlecldBR” RE oxmmple, purifeldpIbARTREA UoBbut £ €1 116
valye c lc&ﬁga%{e ?rye&uxteh %uﬁiﬁ?gﬁ EMERERY, thé PEifAR RIIASESY the Blo&ilﬂg oPidlet Vilpg  at

super at nos I'C pressu escapes the purifier body, washing the

criti calsszanGutfef vaifbes2 thaehto! Gn986". STive Shdiafety ¥ete@fcp@Eies to shut down the t he
critical zone 1s cooled due to heat renoval by the gas flow, and the

reacti veygas dhﬁngt e very fi3f0at8Aks of the accident, the gas cohij@siiGmtn Vil Melsed®6 and 72

may be adjusted to a predeterm ned nmagnitude of pressure - drop so
as to appfi@ hésay chiestOst b8 islplrk @as of b parified & tppaifienverkitd pregurssur e
I nsi de the purifier vessel is higher than the atnospheric

Pr eSsur @epéddaizaldthapeisf R daahelamiesired high amount of rémativef gaswill enterfeonpur i fi er
body. O course, operation of the vent valves may be avoi ded when 20
t hapgas thointee sipel bt the @aktldt sidelaMhyey; thescrifieal gone dfytilr muyidier (theazongdlyat esaghevde i f
exposed to air at high tenperature) or toxic (e.g., halogenated
gases, diighoweinperaties) i either tiad 2ome medraeheinted di nenthe, outlete By opening the yemdt val ves
can be connected to the waste gas line, at the end of which are positioned
scr ubbenalvercloatsh &r the yeattiverga$,dhe gdsprésent inl thequirifersat gupseatmospherig pressie syst em
desi gn enbodi nent s '

escapes the purifier body, washing the critical zone of the reactive gas. This has two effects:

the critical zone is cooled due to heat removal by the gas flow; and the reactive gas is

15 removed.

The vent valves 66 and 72 may be adjusted to a predetermined magnitude of pressure
drop so as to assure that the outward flow of gas is stopped when the pressure inside the
purifier vessel is higher than the atmospheric pressure, thereby assuring avoidance of
backflow in the purifier body. Of course, operation of the vent valves may be avoided when

20 the gas to be purified is dangerous (e.g., hydrogen that may explode if exposed to air a't high
temperature) or toxic (e.g., halogenated gases, ammonia, etc.). In alternate embodiments, the
vent valves can be connected to the waste gas line, at the end of which are positioned

scrubbers or other systems for abating dangerous gases. In all the system design embodiments

11



descri bed above, vent valves may be present at only one end (inlet or
outlet) or at both end of the purifier 12. I n

addi tion, thernocouples can be positioned in the purifier near the inlet 18
and outl et 20 to sense the tenperature of the critical zone. The
control uni'¥&Y¥19¥4n be coupled to the 5 _ther mocoupl ARGk AH) Sense
whi ch t hernocoupl es detect the tenperature change; thus, only t he
ventin ' bt ¢ nst ead- of
Dot h Vel atile, B REARPATHILAR &by b ind BIE PR BEaHRENERE 10" 0t o
(becausge fldfiepi2.t he outward flow passes t hrough the critical zone).
Figure 6 I1s a schematic diagram of another alternate enbodi nent of the
safety system 10 of the present invention, in which a safety device is
posi ti oned imadditencthekmptouples cpuire dositipned 2n the purifier nedf the iglztalphd putetf et y
device 20a can be positioned in the front end of the getter columm purifier
and serifclo seise thefgmpergfure dfderisicaltzone aElecsontr¢lanii SOt ean hecnouplpditoghé n t he
purifier 12, simlar to the, enbodi ment of Figure 1. If a high
cofcent thefmoertpiss apd passense Whichfhermacoynlen detecy thetemapeature chagge;j thus, only

stopped or diverted as explaipned in the abqgve enbodi nments. Likew se, a

saf ety Heysntias ypiye of the correspandingecritisdlj Zopg,red bsepeasd sigak °§H‘b‘h I#VeShe purifier
to detect backfl ow gasges. Al of the different

bodi HEHED TSRS BEGR At B RHER sl B b RSV AL e

achi eve, di f.f rentaztrqftures of safety purifier systenms. Thus, a w de
varietymﬁygb & Sfagzone). systens may be inplenented according to the

present invention. 20 _
Saf ety Devi re 6 is a schematic dia of BaSh&3AHtehnitte SRV RNt 20 Moty 2MRen®f t he
present invention can be inplenented in a vari ety of ways. Sone

ggl%Si bl & tREPrestintRVértioR! i€ whichCd daR@flddviteGepaitiondeinQle end of the purifier 12.
For example, safety device 20a can be positioned in the front end of the getter column purifier

and senses the input gas before it reaches the getter materials in the purifier 12, similar to the -
~  embodiment of Figure 1. If a high concentration of a reactive gas is detected, the gas flow is
stopped or diverted as explained in the above embodiments. Likewise, a safety device 20b

i5 can be positioned at the back end of the purifier to detect backflow gasses.

All of the different embodiments described above can be combined in various ways to
achieve different structures of safety purifier systems. Thus, a wide variety of possible

systems may be implemented according to the present invention.

20 _ Safety Devices

The safety devices 20a and 20b of the present invention can be implemented in a

variety of ways. Some possible embodiments are described in detail below.

12



Cartridge of getter nmateri al Figure 7 illustrates a

cartridge enbodi nent 100 for inplenenting the safety devices 20a
and 20b. A snmall cylinder 102 is provided with an inlet 104 and an outl et
106 and is - WO91%%kde of a material capable of withstanding z‘ggﬁgr ki ng

tenperature of a getter material 108 positioned ins

cylinder, e.g., about 400 [err]C (the operating tenperature of a safety -
devi ce 20a or 20b can depend on the geonetry of the getter

mat eri al used and ot her paraneters, such as flowrate of the gas

t hrough t he Saftédge oflgariecmdterialhe material of the cylinder is inert towards
the getter at the operation tenperature. The system device may be charged

with a getter 10 material different fromthe getter material in the
purifier 12, Figyte Gillnatratgs| acartridgesenghodiment 1QP for lmplemmt’@&ﬁ%gpfqthée‘s%e getter
mat eri al for both purifier and sal ety device, The safety deV| ce det ects

the tem?9s andiPeb.i Acmelculinger {§Reispuevided Wit & inlgt 104 aadean pRtlet 40 mdgh a

anount of reactive reachi ng the getter ter| al his, on
a sfal | W@Gﬁ?é‘“@ﬁ&aﬁ%@o‘@%W@Pg&eW%’é‘“ﬁﬁr T“Bﬂ“ﬁ" getter matef(‘;ngcw i nder

e a&t@&% RS R R0 111
reactlve a urities to oma |nert to ds t he
getter or 20b ‘HEFRSH?% eléﬁql?‘?’@ d’b’g‘i’ﬁh‘%ﬁm ‘é ARAEERS sSSP react i ve

h
2T ow PS{-; g aE B sefc@r ougihe %?e@aﬁevm Dol it %/ha&% ety 1
t ft t
- heodn® gsﬁ’e‘?%{‘th%?q%aﬁaa{’?rb ot ot bt ekt %E«*‘%rﬁhi E%Snf.y; ly
t hel t errper at rd'xafferém 8i$o%1dthlgy e?eq' material in theT ?ﬁﬁfﬁ? qgl bJ% gf ftLng g

ext rnal Used 1h g gas puriftfers mhlc so applicable

to the g é@f RUBAE JTRA' Bac P RE bOR huldldr Shd'dater) Bodl. msgﬁgqué&&c@ tuation

IS rever reactive gas reaches the

%gt ter pgl te% fatdrd {Rrehst oF ‘ﬁle@eﬂa‘ hitgdal CARGS PR Ml an amount of reactive gas

reaching the getter material (which is, on a smaller scale; the same behavior of the purifier).
The cylinder preferably is heated to the operating temperature, such as 350-400°C, e.g., using

15 a coil heater or the like.

The reactive gases are impurities to be removed from a gas inert towards the getter
material. During normal operation, the quantity of reactive gases per unit time that contact the
getter is small enough to allow reaching a steady condition, where the heat generated by the
reaction between gas and getter has time to be eliminated from the system. In these

20 conditions, the temperature of the system is essentially the temperature imposed by an
external heater (such as an external heater used in getter gas purifiers, which is also applicable
to the other embodiments described herein). In an emergency, the situation is reversed, and

the amount of reactive gas that reaches the getter per unit time is so high that reaction heat
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cannot be dissipated, leading to a rise of tenperature of the safety device
above the predeterm ned tenperature. ' It is thus
possi ble to place a thernocouple 110 inside the safety device to sense this
I ncrease Of-mﬁ&gﬁ ure above the normal operation tenperature. The

t hernocouple is positioned in getter material 108 Ferasshgignce d
fromthe front edge 105 of the getter bed 108. Control unit 50 is
pr ef er alvayhoe duepdisdbated, tdaging heraneied oplténgeyatire (6 sdtB. dévikeOsHdOE thed avoi d
unnecessary stops of purifier operation, it is desirable to foresee the
possi bi |prédgtenfined tamparbtine. fluctuations of tenperature. To inplenent
a safety device in accordance with this goal, it is desirable to
define a threshold val ue of predeterm ned tenperature T that nust be

over cone .101tis thug possible teyplace mithesmepronple 31 @ ingide shexsafte devinettp gense this gener al |
the purifier and safety device work . at about 350-600[err]C, while
the pur iPFFEAse B4 1PrePeRare aAbaysqthe ApFaRlaPRFFASN dpmpgratyrg.o sThe) thoguoreuniccis

thug, there is, for. ti det erm
R M R
val ue, since the reactiqn ti of the safety devigce shoyl d be -
reduced PSR s Bf?i"é’?obb’f ‘é°“pnF,&§ t%qeﬁ?e@nB‘fw%%é’éﬁ’r“E ) 132 Jnardeg {¢ &% or
control unit 50 15 connected ta t.he safe devi ce ) reset to
Gener at MRS, SRR 2E AR CBdray Hde Jable 16 foresed e FashBli: 5 dERY s o
tenperatyre 50-1 rr)] C higher than e ri.fier eration t erature.
Test s prdéns:tg‘ra] 03‘5 ogge{“g%ag/mveer' Q‘L ogglﬁﬁsﬁs _-f;‘%sage?y ¢ ﬁ'ecet'{/‘\o cgfdét?cﬁvf”ghrr%lesrgg?lg?éss 50[err] C
or greatgr. r Qs e

det a1 1 odfEurBfidp detie g treutk N Bl o prRltc BB Rlporsnue T et s b oveneonll™®
st ygi es. t Lyer L pipeline
24 thr oufaﬁﬁtﬁtg %Steéd a@é%cqﬁée#égge@ t"‘taﬁ&e“]&:3 I ﬁaﬂiﬁ?&géeg%c{% a{iée}fcf/ Q%{(-aﬁ\ji ceis

prefera i I ' : . ;
thx?o%ttrE&d soo\é_v&h‘ﬂu&e%@g%vgﬂ rn{éﬁ]xtfi?@te gxgtg;;s%[f aREATPAR:115RE;

di aneter o e opening ca to n performed tests, a

172" di afgl erel@foom for selecting®s PéGerkihel GlaRh Frfieldifte. $RiBGRLAkImMpeMhe USI Ng
getter powders having a grain size below 212 m crons. Ot her sizes

Tiy be ph@t,dobests, ot Be cokdn@E R hightd yahle, HAdithe RhotiBn tifnebF & safety device

o

should be reduced as much as possible. As a rule of practice, the electronics or control unit SO
15 connected to the safety device may be preset to generate an alarm when the safety device
thermocouple senses a temperature 50-100°C higher than the purifier operation temperature.
Tests presented below were conducted at the two alarm temperatures S0°C or greater and

100°C or greater.

The detailed structure of the safety device has been tested under preliminary studies..

20 In order not to divert too much flow from the main pipeline 24 through the safety device, the

inlet to the safety device is preferably small. Various diameters méy be used; for example, the

diameter of the opening can range from 1” to 3/8”. In performed tests, a 1/2" diameter has

proved to be preferred, especially when using getter powders having a grain size below 212
microns. Other sizes may be preferred if a different getter grain size is used.
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The aging of the safety device 20 (especially device 20a) is a different

maj or concern. During normal life, the safety device is exposed to
the inmpure gas, and the getter material next to the inlet absorbs
i mpurities a%,bg;og#ms spent (or nearly so). Wien this occurs, inpurities
travel into .the sa ety deV| ce and react with a fresh part m:h-/:gegfjlgg‘;

t |, f 114 f t f f h
ot ter mt or {168 PL gt apfebaneine o oty anicePbans # AhRent Baior coapdipoy 104
t he

renct o bEhins e ol A Hshoef B @@u{c%zégnsﬁfh?és&gfﬂa“c'@ﬁ? 5t fresh
tt t t

posi t1 of Reiniy Kb g rnsi%ﬁﬁeﬁﬁaf’%*g“%?&?'ﬁé°r% i IR g ) ¢ e

et Ol Gub tod i acCwlcR8d 8, L BOHpRYCR A BRelicaBOlng, Taont W

a fresh'sa he be ni ng 0 nécouple IS

ot ot areftind B, s%%@@ﬁaﬁw%&“‘hp%% st is cpRu PR B BB RIS can be
positi on 8&6{’%%50@? 8§tfntf16é)g?th§ I Ph& vticet cfngzﬁggg cgi?i litg‘ﬁe p?‘gm{}f‘“?‘he saf ety

enbedde Span
devi ce SI wi th standard

oper at |h 'ﬁ"} %:soon | on taliefﬁ pf;afe aﬁ‘ﬁ?‘l?‘ﬁggfﬁ‘egegs ?‘?ﬁe mﬁ%tﬁf attg?f tg}vghrgb?mg 0. E cm
i ot ' hge ol p el BoiRE A e lipmpionbl 1858 P BE R Rond Hu SRIR e i
mont S E)‘T%I.né& P@plglﬂs ﬂ)%d, h%sreichgfﬂggt%?@eggvﬁhqﬁe %Lﬁé@o et t(i}' Oﬂshl gﬁ%{ agi ng

was tri romt new safe wever, uri ng

ti g, tR&iy ’Eﬂefﬂe@crpd@iusgin of the them@@'&ﬂféeﬁ aP¥fokd A ﬁ&ésxﬁlgqgtthe A0 o e
reactivity of the getter material of the purifier thus decreases,

such t hgtiteR btd@HSherdtradtive] in MR dafetysdehick.CF&tkarAle, 1t therhb&ipleSIli 8@t 80 avoi d
catastrophic events froma 20 breach in contai nment. As a conseguence,
a fixed ppsitidned aoudd.2@m2fremtid AR tohRsfie iR tthentledouple is embedded inithd getted S
suitable for the thernocouple during the entire |ife of the safety device
(d = 0. Znaeeihl. The goal life sfanef thel safehl deviva isdit monthr It &ad beeh deemipddahdts Ni/ N Cr,
and the thernocouple includes two bare wires joined at the 0.2 cm
posi t i onvith standard operating conditions, in six months the aging front travels about 0.7 cm into the

15 getter bed. The getter bed positioned 0.2 cm from the inlet has been tested with a safety ‘
device that has been aged six months (at the end of its lifespan) and the alarm detection time
was tripled from that of a new safety device. However, during the aging time, the purifier also
becomes partially spent, and the reactivity of the getter material of the purifier thus decreases,
such that a longer alarm time is sufficient at this later stage to avoid catastrophic events from a

20 breach in coxi_tainment. As a consequence, a fixed position at 0.2 cm from the safety device
inlet is suitable for the thermocouple during the entire life of the safety device (d = 0.2 cm).
One suitable material for a thermocouple is Ni/NiCr, and the thermocouple includes two bare

wires joined at the 0.2 cm position.
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15 As for the formof the getter material in the
safety device, powders are preferred conpared to pills. Powdered
getter materials typically allow a better uniformty of reactions

invol ved in the detection nechanism In addition, containment nmaterials for
the getter -WO919sonat eri al preferably are stainless steel & sgl ass.  ass
has the added advantage in that it allows 5 inspectiolﬁ & Wé”‘proper
positioning of the thernocouple through the transparent or partially- -

t r anspar ent Asdit ferfaamef fig geter material in the safety devipfe PPWHRS gfe Rfefered | on of
dangerous |l evels _of inpurity gasses is gritical to determ ping.

whet hercogRaset EH%n?%?"ES’H gS%’&“?&FEW‘ﬁ@\’/ Pli‘@" Fge%éﬂ?ﬁ?&y I Wa"g'ﬁﬁs safety
system of the presgent . invention. Tests wer rformed Wi th oxygen
as the MYRIYRG; iy thy fetection geqhanism. . Jn 3dditipp, °°n?aé‘8?ﬁ5‘& méﬁ?"ﬁggo{‘?r & B was tested

cat oty "BROT RO e aoir el e G of 0P Rl B e o o T

707ZTM whi h o: _QOr a| ' ] ty devi
08T e ropr posigon B B REHOVAR 8 Chpten IGcpfety devi oo
vari ous &gﬁ&&%&gﬁﬁnm{@ggl | near speed of gas flow was nmaintai ned at -

S€c, I'C

18.5 cn? provi des good flow conditions. The results of the tests

are provided in 15 Table 1 below. Colunm 2 lists the time required for

the safety cyiiaR of Betectibs 6f dangREIRQERIS\OF Empurity gasses id ¢titicalas detainififl err] C over
t he working tenperature, and colum 3 lists the tine required for

det ect | whetieer 40 QhémdnGation 6f £aafety device is adequate foxthg safetyosysterdofjthe present Response

time, +50[err]C Response tine, +100[err]C )
(sec) invention. Tests were perforfigkbaith oxygen as the impurity gasQ(Q Any particular
40 not reached 1

.00
5310 concentration of gas was tested iny a8 deabtedimeasures (for all of the tests desgihed below).

29 65 2.00 ) -
12.5 The safety device was charged with finsspowder gefter material, such as $t fy™, which hasa

15 30 00
8 grain size below 212 microns.| Fhe; safety device was contacted “g%ﬂow of argon (Ar)
10.5 '

17.5 . 3. 00 . s
14 .  containing oxygen at various pefognigges. The linear speed of gas flow Was maintained _at
18.5 cm/sec, which provides good flow conditions. The results of the tests are provided in
15 Table 1 below. Column 2 lists the time required for the safety device to sense a temperature

increase of 50°C over the working temperature, and column 3 lists the time required for

detecting a 100°C increase.
Oxygen % in Argon Response time, +50°C Response time, +100°C
(sec) (sec)
1.00 40 not reached
1.00 53 not reached
2.00 _ 29 65
2.00 12.5 21.5
2.00 15 30
3.00 8 10.5
3.00 10.5 17.5
3.00 14 17.5
10.00 7.5 9
10.00 8.5 11
10.00 7 10.5
20.00 5.5 7.5
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10. 00 : 7.5 9

10. 00 8.5 11

10. 00 7 10.5

20. 00 . WO 99/19050 5.5 7.5

16 ' O<ygen % in Argon - Response ti MET/USSGEA84r | C
e 1.C

(REZE;) "3 @':ygen % ‘Aré ARE Respause time, +50°C Respons%t(i)rpﬁd-w()"c

3.5 4-(5e9) 285

3.5 20.00 4 3.5 2 ﬁ

2 5 20.00 3 .—L3 5 i4

2.5 air 2 525 3.9

25 i air 2 525 3.5

TABLE ] air The Qprﬂa}i in resullts at chfstant axyigen

percentage may be due to slight di{ferences I n t her nocoupl e

posi tioni ng. To ne the critical time in which a

safety device nust act before the purifier is damaged, both actual

osts ver Coud b B P il OB A% R e ot ol

data was obtain

fitting tests. For 1% oxygen in Argon, after 46.5
seconds%ﬁ?{oga%&t?m%§ determ ned that the purifier will reach a

tenperature of about 480[err]C. The forty-second response tine for the

saf ety devi C®o determine thé riticBB@rhe inSwhibit& safetl ldewitemibst Gabetdde the Yal®dNid 0 shut
down before critical tenperatures are reached. 10 The response tine is

sufj i ci dmhagded)both &cthabreyts @nreichrriéd oaton\patifiers for some critical times and E:edSmtﬂ:aB% oxygen
in Argon, the tinme required for a purifier to reach critical

t enper atsin &sis pbtbined fot 0MeY @iticilE@mes dasld on b nitidelptimirdd bp fitting sl reStite oS af et y

devi ce detects a +50[err]C in less than 15 seconds, which all ows
saf e opdastst Fonl%foxygepim Afgonrafter 46.5 seconds of flow, it wmietem%fbshygbmmﬁem gon, the
critical time of flowon the purifier getter mass is about 15 - 8
seconds Wilj Frack a?eewymwf@boqté §p éb? @rfaffseqynéwmnﬁwnﬂ fos thesafetyrfiewife t he
purifier if the control commands .venting val ves as well as

Shut &1 ndo TeAsta T TROBRIRt G e eiem B g AT RAFTF pritical tgmperatures are reached.

10 The response time is sufficient for 1.5% oxygen in Ar as well.

For 2-3% oxygen in Argon, the time required for a purifier to reach critical
temperatures (about 1000°C) is about 25 seconds of flow. The safety device detects a +50°C

in less than 15 seconds, which allows safe operation of a purifier.

For 10% oxygen in Argon, the critical time of flow on the purifier getter mass is about
15 8 seconds. The safety device is capable of preventing disruption of the purifier if the control
unit commands venting valves as well as shutting inlet and outlet valves to the purifier (as

shown in Figure 5).
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shown in Figure 5).

17 For 20% oxygen in Argon, experinmental ‘results
with a standard getter colum showed that 3-5 seconds for the
safety devi CRolodd.cact is sufficient for protecting the purifier if the
control unit 83%%?5%5 venting val ves as wel | as shutting i pLefsiidsqut! et
val ves. Air is different fromthe previous I nmpurity gases

in that a mpek d6% oRfgeR kY ABn,Rbbrimental resultd with @QRAArS gifeP ¥d16lRE snoWReT e
nitrogen, unlike argon, is reactive toward certain getter materials

such asthat 3-5 @dconddfob tHRdafedy deRR6 td Yoabt)is SEEEIUM ST profectingtht Pudier id6t i On ti nes
shown in Table 1. However, tests have shown that the safety device
i s abl ecdn@oliniticominahdieremitigivhlvey asiwlell afishuftidg idl@land outlet valveni t conmmands bot h
inlet-outlet and venting val ves. Anot her set of tests have
been performed-using a different getter material, St 198 10 I nstead of
St 707. St 14815 diffgrsntdfrémo rthepprevibusciatpucty gasesnintthas gemixire »f \ogygen ragd

t enper at ure of 350[err] C. Thus, the inpure gas used was oxygen in
ni t¥ ogehitrogimds proyided, vhareaitmpen: junlike d3ganois reagtive toward cetfaip [gettep materials 15
Oxygen %in Response tinme, +50[err]C o .

Ni t r ogeFich as St 707. This extra reactivity aespunts for the lower reaction times shown in Table 1. 3

18.5 6
20 However, tests have shown that the safety device is able to protect the purifier if the control

unit commands both inlet-outlet and venting valves.

Another set of tests have been performed using a different getter material, St 198
10 instead of St 707. St 198 is used for purification of nitrogen at a working temperature of
350°C. Thus, the impure gas used was oxygen in nitrogen. The results are provided below in

Table 2:

15
Oxygen % in Response time, +50°C
Nitrogen (sec)
3 18.5
10 6
20 5.4
air -]
TABLE 2

The response times of St 198 and St 707, apart from statistical fluctuations, are

similar, St 198 has with oxygen a less exothermic reaction compared to St 707, but when the

18



air : . TABLE 2

The response tines of St 198 and St 707, apart from statisti cal
fluctuations, are simlar. St 198 has with oxygen a | ess

exot herm ¢ rgagbihdfg, compared to St 707, but when the

18 ~tenperature increases to over 400[err] @craisesi19s4t he
reaction with oxygen), St 198 starts to sorb nitrogen as well,
cont ri butmperatte inaeasési to Pvéral@0°Cafdde tootht oeactidnnwittdextygert)i Sn198i stets to sorb

Ni trogen present in a noble gas may destroy a purifier enploying St 707
get t er nitrogen as well, eontabuting atztiveheat @idso lqyerihgdstetion tmeval uat e t he
possibility of protecting such a purifier 5 fromintake of different
amounts of N2 in Argon with the purifier maintained at 400[err]C Table
3 provi des t Rbtrogea pagsentripsa peble gps mey destiaysg purifier employing St 707 ‘getter

Nitrogen %in Response tine, +50[err]C, .. .
Ar gon material. Tests were also pcrftzxgaée }o evaluate the possibility of protecting such a purifier ¢

t d . . o 14
22 Sr eac em intake of different amougts of N, in Argon with the pu]ﬁ?ier maintained at 400°C, Jigble
10.1 . 100 (pure N2) 4.9
TABLE 3 3 provides the average resulip of thgsg tesls  sqen concentration is not critical at
all, as 450[err]C is never reached. Atest 10 performed using a

standard getter columm shows that a purified flowed with pure nitrogen
reaches 650[err]C after 6.5 seconds of flow. As the safety device reacts in

4.9 seconds in pur : oot o ts D+Wb'|_I of effectively
protecting the pur fll\hg&%ezfr%e % 1'S R‘gti:;geﬁanger, nd since the
safety device may sarve—rire purT i eT T gileiciEs ToSt—danger ous condi tions, the
times in 10 14

14 15

20 10.1

100 (pure N,) 49 -
TABLE 3

.The 6% nitrogen concentration is not critical at all, as 450°C is never reached. A test

10 performed using a standard getter column shows that a purified flowed with pure nitrogen
reaches 650°C after 6.5 seconds of flow. As the safety device reacts in 4.9 seconds in pure
nitrogen, it is capable of effectively protecting the purifier. Since 6% is not a danger, an§

since the safety device may save the purifier from the most dangerous conditions, the times in

table 3 are low enough for the safety device to save the purifier in all or almost all cases.

15

Getter Coated Strip

Figure 8 illustrates a second embodiment 130 of the safety devices 20a and 20b which

includes a support strip of metal or substrate deposited with getter powders. A metallic strip
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table 3 are | ow enough for the safety device to save the purifier in all or

al nost all cases. 15 Cetter Coated Strip

Figure 8 illustrates a second enbodi nent 130 of the safety devices 20a and
20b whi ch i ncludes a support strip of metal or substrate deposited
with getter WOMB250 A netallic strip

19 132 is placed in a cyI I nder 134 made PFTmsgeaQ'é%I e,
fromstainless steel. A getter, materia be screen_ printed
on the stisjdplacechippgylingsr 3&9?"3%@‘&"?%?1}"4'%"“? Saiglestorh hiBviT waterildes ng

pat ent appl.ication Serial, No. 08/ 85 herehy |n ated by reference
herein. §agbe screen P““‘éé(&ﬂ‘bq"'e‘“pﬁfﬂl\i“&m? ey P Eﬂscq?eé‘ﬁ@“{ R expending 1y i de,

d 10 | th 22 .get
ngrs.cg‘%eo%hﬁaﬁmagffﬁﬁiﬁ R3S, Bl ety dpSoRRran BroHeRRe: R e
707 all : .. Ih b
70 and SHRRNE S NenoRE el HPERS R, PEh Rl ANIFLR RPAR. R0 HRY Dol vEer
0 et R i 5 RIS BB A AR 5
powder s, 74tBy; ol URES: The Hckness of ggtfer gowﬂré 8EHoaE LS aly bé?&r&%%%& hggls can be

used to deposit the getter nmateri n the strip. For exanple, cold
rol I'ing E:?c?oxﬂe(ﬂﬂx%etﬂe dftfenkisns\6f Figk BOxP eScQggExQ&?f‘ $Kotrle mbatiitabis, Rsydder s

metal lurgy arts; or spraying can be perforne as described in Patent

Appl i cat maﬁngb&hlaheaﬁteﬁms can be used. VR 2laddifle, St 195 SingdRAlichmixhige asstizgnee of the
present application, and incorporated by reference herein. A

t her noc oad Zrcdim ipswddds) plag e tiedt he netal lic strip 132 and is coupled to 15
the controller 50 by wires 140. The cylinder is preferably heated to an

operating tenperature, such as 500[err]C, e.g., using a coil
heat®r or t heAltqn@vcly, other methods can be used to deposit the getter material on the strip.

(J

For example, cold rolling can be used, as is well known to those skilled in the powders
metallurgy arts; or spraying can be perfomed, as described in Patent Application publication
WO095/23425, assigned to the assignee of the present application, and incorporated by
reference herein. A thermocouple 138 is coupled to the metallic strip 132 and is coupled to
15 the controller 50 by wires 140. The cylinder is preferably heated to an operating temperature,

such as 500°C, e.g., using a coil heater or the like.

The principles of operation for this safety device are the same as for the above-
described getter cartridge embodiment, i.e., the detection with a thermocouple of a 50°C or
100°C increase of temperature over the steady operation temperature of the safety device. The

20 thermocouple 138 can be obtained by welding onc Ni wire 140 and onc NiCr wire 140 to the
metallic support strip. As described herein, only oxygen detection is shown; however,
conclusions based on oxygen tests can be easily extended to nitrogen and other gases as

shown in the getter cartridge embodiment above.

20



The principles of operation for this safety device are the sane as for the
above- descri bed getter cartridge enbodinent, i.e., the detection
with a thernocouple of a 50C or 100[ err] C i ncrease of tenperature
over the stesdyoyefsy ati on tenperature of the safety device. The 20

t her mocoupl e 138 can be obtained by welding onc Ni wre 14BCAR§8531384Ni Cr

wre 140 to the . rretitqal lic gutggort strip. As described herein, only
oxygen det ect TEpmeters esiibed beloWeipelpde the oxygen concppirafions ihnagingfdle ¥ftbxygen

EOL8 O, Sty SRR Bl AN B 2R, e 1O

20 . Rar al r i1 bed bel ow i ncl ude the oxygen
concent rél%l?kgﬁs,s °€H‘§g§%7rﬁaw%?df oélggaﬁgf%’gp%gﬁ%&p' devi ce, the shape of the

safety device (flat or bent), the operating tenperature, and the

thi ckness of 1r\¢heGRibb&ieRMOME batsLRBHIrE stip ist MR ed UPPRhihleSH stdeP cylinder, 17

I n one enbodi nent, the coated support strip is placed in a stai nl ess st eel
cyl i ader diaheter, § long. Th AT eMboditaent] BB Gupport shitd & RIIpeA ibeBt)land pbitichedpor t
stripis flat (not bent) and positione parallel to the direction
of gas f Ipavallel th ehestidection afiged f@w.i The ifdty devige is anidillyi condidorid byeikiivatihg NQ

the getter at about 400-500[err]C under 300 cc/mn of pure Argon for about
30 mi nut ¢l getter at about 400-500°C undéxe3 00 fcf/andt offfuraaingopefor et 8hinimmtason on t he
response tinme of the safety device is sumari zed in Table 4 bel ow
as resulting fromperformed tests. The safety device was 10  maintained
at 400- 500[ er TheceHigrd| of oppeea Fonesnirationoens thexseeponse: Bre ot the sefetisdavise 48 gon

(fl ow .constant at 1000 cc/mn). A fresh, uncontani nated safety
devi ce wa¥mRaEdip Taplgch belewras rgpulting from performe, tests; nThe, gafety devire¥8s was used

to osit . the getter erials op the strip.
(iig P maintaQnedgat 400-500°C and exposed to various ox@gen concentrations in argon (flow

constant at 1000 cc/min). A fresh, uncontaminated safety device was used for each test. A

screen printing technique was used to deposit the getter materials on the strip.

15
Operatin Oxygen Response Response Max T
gT(C) % time, time, O
+50°C +100°C
400 1 / / 422
500 1 1<t<2 1<t<2 703
500 10 1<t<2 1<t<2 784
500 - 50 1<t<2 1<t<2 1154
TABLE 4
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15 Operatin Oxygen Response Response Max T

gT (err[O % tinme, tinme, ([err] O

¥50C +100[ err] C 400 1

/ 422 500 1 1< t<2 | <2
703 -W099/19050 500 10 1<t <2 <t <2 784
500 50 1<t <2 1<t <2 1154 dcThSSanses

TABLE 4 It should be noted that, while at 400°C the device does not operate properly, at S08°¢

It should be noted that, while at 400[err]C the device does not operate-
pr oper | ythe Bépoh&Qiney ik bxftremely fast at alllohiggeh @ Sypemestions, sethe devivetwi bebffectiast at al |

oxygen concentrations, so the device will be effective I n

pr event iingredenting darhage tduke purifief.i er . The effect of aging on
the safety device was determ ned by testing devices after 5 '
acceleratéd aging. In one result, there was_alnbst no aging effect with a

50% oxygen e effect of gaiag POy the iseffty degice Was (dsteprpiacd, by Grsting devises ABdnse ti me
beconmes 3-4 seconds to be conmpared with . -2's consos for a fresh
saf 8ty desRlgwed 45188-gilp B SFiEle thereuascalmost Roo agnee oiffeh 1L # BP%goxygen

never  r GauisREEop prvhich the +160-€ Sishonst e BEER i arEOAITE PR SEEPEN Y or 1] C
[ 1 h t f th tri I

SEPLTT U oo % B e BHE e SRR L R %5

trip typi Ly, hi gher .. | ture i dt

oL o B Yl S e b TRRE b MACESR SatBIRRRSY o °

However, a."shadow! ect _occurs, where different parts of the

R g e et o S Binor par s of

bent st/ P RN

C

(D

10 The geometry of the support strip may also affect the overall temperature in the current
embodiment. A bent strip typically has a higher overall temperature increase compared to a
straight strip, since heat removal has a lower effect on a bent strip. However, 2 “shadow”
effect occurs, where different parts of the bent strip hinder gas conduction on other parts of
the same strip. The balance of these opposite effects is that at 50% oxygen, a bent strip reacts

15 faster and to a greater extent than a straight strip, and may also possibly reach a point where -
the strip melts. However, at 10% oxygen or lower, an increase in detection time, from 1-2 to

4-7 seconds, may occur.

The effect of temperature on the reaction time of the safety device has been described
in connection with the effect of oxygen concentration. It should be noted that, in low oxygen
20 concentration detection, aging acts on the temperature parameter so as to hide the difference

of behavior between 400 and 500°C.

The thickness of the getter deposit 136 on the support strip may also affect the

operation of the safety device. Comparative tests have been conducted at 500°C, 1000 cc/min
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the sane strip. The balance of these opposite effects is that at 50%

oxygen, a bent strip reacts 15 faster and to a greater extent than a
straight strip, and may al so possibly reach a point where t he
strip melts.whloykys + at 10% oxygen or |ower, an increase in detection
time, from1l-2 to 4-7 seconds, may occur. PCT/US98/21384 The

effect of tenperature on the reaction tine of the safety device has been
descri be@verall flow, 10% Bxy2ef Re&kom o walidtetthe eftdct edepaiit thickiged) TiRNesRtis ati on.

It should be noted that, in | ow oxygen 20 concentration detection,
agi ng acttisat @0 iliccod dappsivr aafety deviva detssts £4503C imseabafatterdb-2tsbends) tifara@0G e
of behavi or between 400 and 500[err]C The thickness of

t he gett eicrde gegoiit safdpdevivet(Drd sesopddrt strip may al so affect the
operation.of the safety device. Conparative tests have been conducted at
500[err]C, 1000 cc/mn . . . )

22 As a result of thg abqves ths\prefemed, orYmanonersting genditionolopthis safte t he
ef fect of deposit thic i a 70, mcron

_%ne s. The result is . . that .

deposit <5YIES SAnbe dpscEbedde g%%‘@%i"ﬁ% FeVith aaptiee Aepgeitthickassg pf 10misrogs b ds)
th 200 ' d it f et [ -4 d .

Lo 22 v B R b e g s 5 Bl i 1o

L e B8 R A il SR,
058,33l SYBRSK PR, I s o
ConCent 3 it ok HRTBR S AR ot s SRR s oL
<0045, 1 o HRL L BlgB A SRAEE 0 U5 e PEUEPLa P st

tests. C%E%di@&@ié)&es&ﬂ@&ﬁer;iges'[ result" sets of conditions is
e erel n. ) .

descri b

Metallic Hot Filament

Figure 9 illustrates a third embodiment 150 of the safety device 20a and 20b described

15 herein which includes a metallic filament installed in a cylinder with feedthrough for current.
Cylinder 152 holds metallic filament 154, which is coupled to a current source 156. Control

unit 50 or 50’ included in the circuit. For example, a glass cylinder can be used having an
internal diameter of 30 mm and a length of 230 mm; however, such dimensions can be varied

in other embodiments. The operation principle is that a hot filament in presence of a reactive

20 gas breaks, very similar to what occurs in incandescent lamps, which interrupts the electrical

circuit. The breaking of the circuit is read by the control unit 50 or 50’ as the alarm signal.

In one test, the metal tungsten (W) was tested. Tungsten is reactive towards oxygen

and water (that simply acts as an oxygen reservoir in this case), only while these gases are not
23



Metallic Hot Filament Figure 9 illustrates a third

enbodi ment 150 of the safety device 20a and 20b described 15  herein
which includes a netallic filament installed in a cylinder with feedthrough
for current. Cylinder 152 holds netallic filanment 154, which is
coupl ed to- ¥Wawrmwent source 156. Control unit 50 nﬁgﬁfﬂﬂC|Ud6d
in the circuit. For exanple, a glass cylinder can be used havin 3

i ntern a{})rgiexgcr’ﬁiﬁheﬁitrgécn‘?hgld W%%.r alédgggg{lggteﬁfca@ 80wk to URMBVIE preSihed) ofli MENSI ONS

can be vari ments. The operation principle is
that a i ' : ' i d eQr eaks, very
simlar r@?%ﬂ%@%ﬁ%&%@?ﬁ@gﬁ%dgisec%?]{sglég&r%\sé,@m\?ﬁ%gﬁi ﬁ%g?gr Ept s the
el ectrical circuit. The breaking of the circuit is read by the
control unit ThO s@fetybdkvicaak e cahditioned ibgnAdwing pure argon through it at kevmbne t est,
the netal "tungsten (W was tested. Tungsten is reactive towards oxygen
and wat aempéritade foi atjidayt fretminatss tarerooneg@ssible sentansinants. NThehfilgmend sethen onl y
whil e these gases are not
23 5 heated by passing elegrigityshroughi it. HTeststweomyeuriedroait by flowing srgominihe safeingst en can
be used to detect the presence of oxygen or water in the
puri f i cateviom caottainiopifferyatroncentzationedf oxzgennindreyauating the thyamesdrdiio break
The safety device can be conditioned by flow ng pure argon through it at
room the filamentrand peavidedhef darmapiznple gEhe spietycdepicas ivers tostsd Mahoh7e aoliZh | e
contam nants. The filanment is then 5 . heated, by passing electricity
t hr ough ygenfiagrgenydhe resplfsrdepend anfilgment dismetey aaﬂg*émﬁ?ﬁee %Vélragt%?s
devi ce contai_ning, dj fferent caoncentrations, of ox 8'en, ‘??fg v?rluati ng the
time neclf¥ tIp glgr, for a givenippupty| W‘&ﬁ‘d%é £de §F W gnal . The
saf ety devi ces Meagﬂ%es ed. wth 1% and 10 xygen i The

|

resdl t s GEIpRiN UGS of e AtR: delicq) FRTERsSs % ﬁf‘/fé‘a“”v&ii“éf&cé) ! °g°r?ﬁesb®%?éﬂ%?&1§as
flow | t ' ' | t ' [ to b k
the 11 AR (e e BBl sehptieniegict 2R EllF Bl Al ohedleld T2 L°_ 0" PR
filanment dianmeter increases, the applied _

A series of tests have been performed using an oxygen impurity in argon as the test

B gas. The tests were performed according to a matrix scheme, in which any parameter under
evaluation was varied while keeping the other parameter constant. Specifically, total gas"how

15 was varied between 200 and 1000 cc/min; oxygen concentration was varied between 1 and
10%; voltage applied to the filament was varied between 8 and 220 V; and filament diameter

was varied between 0.05 and 0.2 millimeters. The lowest breakage time, about 2 seconds,

was obtained at 900 cc/min, 10% oxygen, 24 V and filament diameter 0.05 mm, while the

longest breakage time, about 80 seconds, was obtained at 1000 cc/min, 1% oxygen, 8 V and

20 filament diameter 0.2 mm. These results indicate a fast, highly responsive device; however,
the reaction time may be modulated to obtain a longer responsiveness, e.g. a longer lifespan

device.

Thus, the metallic filaments of the present invention perform quite well as fast

response safety devices for the safety system of the present invention. However, the metallic
24



voltage (and thus the filanent tenperature) decreases, and the overall gas

fl ow decreases. A series of tests have been perforned

usi ng an oxygen inmpurity in argon as the test gas. The tests were
performed a q' to a matri x schenme, in which any paraneter under

eval uation was 'varied while keeping the other paraneter coret/asisrisss
Specifically, total gas flow 15 was varied between 200 and 1000 cc/ m n;

oxygen t ' ' s da A . % I e applied
Oy Phe FOREER MBS HAMLER DEGIRERdy Rty it pomepdd e Y, Q7 OPP

was var i gtholNR SR DBy AeHcq; i# efiokdd tﬂ%ﬁ[ré 6asT|’I‘?xexle_R>‘9§ e ROQRK AR T

about 2 seconds, was obtained at 900 cc/mn, 10% oxygen, 24 V and

fi I anmentgegican®@t 8ést QuilRa 6ise W ibensirBin safety devicesl 0B0aRle L HEAEAUR hyE, about

80 seconds, was obtained at 1000 cc/mn, 1% oxygen, 8 V and 20 fil-ament
di anmet erhade & aBdYuaid iEfEHan Beltb keivingiotBilegttpdrite fas aRtb:ghhas 16foMmp plksiey 82,devi ce;
however , the reaction tinme my be nodul ated to obtain a |onger

r esjfonsi and mB3s bavea. faxt reapdnenigeaselof backflaw into the purifierdevi ce.

Thus, the netallic filaments of the present invention performquite well as

f ast response safety devices for the safety system of the present
I nvention. However, the netallic

24 filanment devices have a drawback of a relatively
short life, ed to the other enbodi ments of the safety
devices, if %ﬁéto | npure gas. Therefore, the netallic fil anment

devi ces are best suited for use as downstream safety devices 20b, since at

this position bdRy«fse” safety diA%CerRbIBAREAUANR PrisbRINRREAH'S Sifildr 96 BleVi NY ONl 'y
hi gh purity gas after it has left the purifier 12, 5 and al so have a

1;;2 ts E o { e éﬁggﬁ@ filatheft@dfboimeRAkdriber el v OA nfkRalfid dubftta®d or strip is deposited with

10 a getter material to create a getter “fuse.” For example, a stainless steel ribbon can be coated
with a getter material, e.g. the getter material can be screen printed, cold rolled, sprayed, etc.
on the stainless steel similarly to these techniques in the getter coated strip embodiment, as
described above. The getter coated metallic strip can be provided. in place of filament 154 in
the cylinder and electrical circuit of Figure 9. The cylinder is preferably heated to an.

15 operating temperature with a heater, such as 500-600°C. When a high concentration of an
impure gas enters the cylinder, a reaction takes place between the reactive gas and the getter
material, and the metallic ribbon melts, thus breaking the circuit and indicating the alarm
condition similarly to the metallic filament described above. This embodiment differs from
the getter coated strip described above in that the above embodiment uses thermocouples to

20 detect an alarm temperature, while the current embodiment simply breaks a circuit to indicate

an alarm condition.

Figure 10 illustrates another émbodiment 160 of a getter fuse of the present invention

that can be used in a safety device 20a or 20b. One problem with using a flat or even slightly

25



A getter "fuse" safety device enbodi nent of the present invention is
simlar to the metallic filanment enbodi nent descri bed above. A
netallic substrate or strip is deposited with 10 a getter material to
create a getter " fuse.” For exanple, a stainless steel ribbon can be

coat ed -WO09919es0t h a getter material, e.g. the getter [ al._can be
screen printed, cold rolled, sprayed, etc. On tﬂgé"es’%ﬂ%m?’é‘%s st eel
simlar ' ' L e hednent , as
descri bg%iﬁt g%%%/gséélah%ﬁ&gg% %?gifgg%ggﬂﬁaet a%% ﬁougfﬁhggcegﬁﬁ%gr pr 03%‘5’3 in place
of fil ag@p!ihddidqlifing a hifgh amount¥ heat i QYRR SRR the fadtotivkeikd wef Figure
9. The cylinder 'is preferably heated to"an 15 operating tenperature
With a pRakégas asdab ﬁé’;ﬁ:r REAA O R, TFighkan, £« dhibiraORRQEd mekiliedmgf an

i npure gas enters the cylinder, a reaction takes place -between t-he reactive
gas andi$hR Rk Binted with a gettBBhSEial164 3isliakih o MR edhtoliinehis B, "Bt s, thus
breaking the circuit and indicating the alarm condition simlarly
to 4 he eRiipld, actrdigitaipithn Jesdatddhath RO gMRr mdtelidl, Malaadithesttp Bivkhtants from

the getter coated strip described above in that the above enbodi nent uses

t her noc thejebsefigutation sdwn. Thel edabedtstripnl 62isyplazek &P Eliaiben’ B66 suéhi dse diyliadeg ur r ent
enbodi nent sinply breaks a circuit to 1 ndicate an al arm condition.
Fi gur e A8 withlthesstmiphegettamibie) eherethb gettenmiateridid@4 edacta wirh tathigh dotkeatrafont he
present invention that -can be used in a safety device 20a or 20b.
One pr obf spuws gds, thenribe seaétioat canses dheestrip (163 1o lbym through and a break in an

25 bent getter-coated strip as a getter fuse is that a

| ar ge aplpeirical gpnreetion is Soadge sTHis breek lieo dejestadeas an alarm signalttp jipdicatehthe r equi ri ng
a high anount of heat in the cylinder to allow the reaction between the

i nHur e prgsenegwf thehishyeoneangratipraf impyre g3s. occur. In Figure 10, a "concertina"

shaped netallic strip 162 is screen printed with a getter nateri al
164 simlarly to the egbodi nents aboye. For, .5 .exanpl e, .a straight
strip can beThesenesiing ahﬁpegﬁswgéfoeﬂéra fastprorepction betwgen Framyre Bas a0d 8efleT s pent

chanber mHtsgals s e b frpot fllowed o be wasiz, skl s it SBEL o7 1 use.
Wher: t h?68g, %;th%gt ersrg?atplff\lrgiﬁ'aélm g’n%%ogti%g %} a'xe Vs‘ér%pﬂﬁg ishriaggteg 8:9:8 g q}ffe?'e:[nl gorll'tiop of
the strip, so that heat radiaﬁﬂg from different portions is amplified to cause a faster reaét_iqn
15 on adjacent portions of the strip. This causes the metallic strip 162 to melt faster than a
straight metallic sttip embodiment, and thus reduces the reaction time of the safety device. In
other embodiments, other types of shapes can be implemented; for example, a square or

rounded concertina shape can be provided.

In addition, a radiation shield is preferably placed around the getter coated strip 162 to

20 reflect heat that travels away from the strip back towards the strip. For example, a tubular
radiation shield 169 is shown in Figure 10 which includes a plurality of tubes set against the

walls of the cylinder or chamber (there is also preferably an external heater included in the
chamber to heat up the chamber to the operating temperature). The other embodiments of

safety devices described herein, such as the flat or bent strip, may also include a radiation
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of inpure gas, then the reaction causes the strip 162 to burn through and a

break in an el ectrical connection is made. This break is detected
as an alarmsignal to indicate the 10 presence of the high
concent r atyygBoplpsd MPUr € gas. The concertina shaped strip

allows a faster reaction between inpure gas and getter PCT/USI82138k erial to
occur since heat is not allowed to be wasted. For exanple, as shown by.

ar r owsshield such as tHe@8hularhvadidtion shieklcldpi adtefmativalyyniee ¢hambemor opfindehealid rip 162 i s
radi ated onto a different portion of the strip, so that heat

r adi at ¢andpeimaderpfiircoatedawith poaterial tascapse effiqient riflectionofbeatse a faster reaction
15 on adj acent portions of the strip. This causes the netallic strip
162 to nelt fastgzr t han a : straight metallic strip enbodi ment, and
t hus reducedt n time of the safety device. In ot her
enbodi nments, "ot her types of shapes can be inplenented; for exanple, a

T adai 41 ot 18e 1L b RAR SPERIR LI D IR R R 2R AR i o o

t ed ledh o ; . he stri
R T e e o - N £ P
back Uhe STiTp" For exam ST el d
the V2 BRvIGR i 17B  CHE Rl ROV i peiting BB 70010 e

ext er gt 408e500%Y of {FEMARDrbviddd I8 the container, A &lHARN: BP}:VH’@Q% PprblifeL NaMer to

the operating tenperature). The other enbodi nents o safety

devi g eﬁ.tr&gﬁ el foRE bEE1 72 Aid iseGpled® ol BAng 1 78! which Reddlipied fd tRe otnaxen@l,g g i ncl ude
a radiati on

shi el dims dedtaing:. WhGurattiuas 18058 bitvided tosiiveblectd@P curfint @idkah imealive, of e chamber

or cylinder walls can be nmade of or coated with a material to cause
eftf i ci RIfigureH) Perlex@tiplefthdWeied can be stainless steel or alumini¥n SWhENRE gelieN®hdan
Figure 11 illustrates another enbodiment 170 of a safety device 20a or 20b,

i n whi glth @ high concentration of impure gas, the wire melts or breaks at a certain known
temperature, and the tension of spring 178 breaks the wire to ensure that no current will flow.

The break in current flow is detected by the control unit as an alarm condition. For example,

if the wire 176 is aluminum, the getter bed can get to 600°C (or a eutectic condition) before

15 breaking; or, if the wire is stainless steel, the getter bed can get to 1000°C (or eutectic) before

the current flow is broken.

Differential Sensor

Figures 12a and 12b illustrate another embodiment 200 of a safety device 20a or 20b,

in which a differential thermal conductivity sensor is used to determine an alarm condition. In

20 Figure 12a, a chamber 202 includes a measurement thermal conductivity filament 206 that
changes in conductivity depending on the concentration of impure gas in the gas flowed
through the chamber 202. The input gas going into the inlet of the purifier 12 is flowed

through chamber 202. Electric current i, is flowed through the filament 206. A second
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5 spring-tensioned wire in getter material indicates an alarm

condition. Getter material or bed 172 is provided in a container
174 through which the gas is flowed. An operating tenperature of
400-500[ err] C or so can be provided in the container. A filanent or wre
176 is prowaeaseso t hrough the getter bed 172 and |§Cﬁ (L0 a
spring 178, which is coupled to the other end of - e con diner. A

CUTT et cRAICE S04 Bl PLENRIRTLD, Lty SLERLRARAhAGUE B8 bl AL, (1 W e

exanp ? or
al um nu ation of
e A % B s e AP
tenperature, and the tension of spring 178 breaks the wire to ensure that

no current Wejghref l|29‘ﬁlustxates the cirddiethi @ades xﬁiﬂﬁfeedaﬁcemr:QWné ﬁl ﬂ@tﬂgﬁ&?d by the
~control unit as an alarmcondition. For exanple, he wire 176 is

al um nurghs t O@reaet {f9m b@ﬁréaaemﬂ@etmqs 8038 td hiéw tRbugh B Bﬁinbﬁ 2@9&5&1 tion)

bef ore bréaking; or, if the wire is stainless steel, the getter bed
cans get 2b82 REOA6E 214 afd £ 1Y are?imdea Gitweed BleSilaments 206 anti 208 Cﬂéi}ié&%lyf low is

br oken. erential Sensor Fi gures 12a
and 12b ahd grderd 2202 Adrefetened votafeovl ' ficastdl tetwedn BRfnoliy223eml gRurd)andr 20D,

in which a differential thermal conductivity sensor is used to deterni ne an
al ar m canditigeoV), is Infeasuzéll betweehithiiicie 224 and gfhAdDEhe Aif¥erehdechetickes tikse
measurenment thermal conductivity filanment 206 that changes in
conduct ivolitdgygs shepldibe isingll ifflow bencemtratioms dfdinpra gay aré fipwedthpagh the chditbegas f | owed
t hrough t he chanber 202. The input gas going into the inlet of the purifier
12 i s fRe%eihce the thermal ¢ondustigity oftherifitameG206 hd 208 will mibe emich differest f | owed

t hrough the filanment 206. A second

2710 and thus the current ghandithe volteges will nolebe much different. r Eoweencif at kigh nal

conductivity filament 208 through which current imis flowed. The
out | et @gerseptration plimpRiccgas it flowsd fhrngh ¢hamiyep 4 ittwill diffen fromtheippure gas
Figure 12b illustrates the circuit that senses the inpure concentrations in

t he fl owersentration in the purified gas through chamber 204 by a large margin, thus causing a large
difference in the measured voltages Vgg and V. Thus, when a difference above a
predetermined threshold exists between the measured voltages and is detected by the control

15 unit 50, an alarm condition has occurred. One issue with this embodiment is that the device is
more complex than the previous embodiments, and thus issues of reliability and cost are

raised.

While this invention has been described in terms of several preferred embodiments,
there are alterations, permutations, and equivalents which fall within the scope of this
20 invention. It should also be noted that there are many ways of implementing the methods and

devices of the present invention.

What is claimed is:
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gas. Current imfroma current source 212 is divided to flow through each

filament 206 and 5 208. ' 216 are provided between the
filaments 206 and 208, respec ngiﬂ”jﬂ | D nd ground 220. A reference
vol tage VRERd sy Rgsured bet s and ground, and a

voltage VMis neasured between the node 224 and ground. ThECHD$®B18nCe

bet ween t hese vol tages should be small if | ow concentrations of .

i mpure das aAegab purifedtionsystem twithisefeyhizmibecomprising: 202, since t he thernal

conductivity of the filanments 206 and 208 will not be nuch different 10

and t hus t heages pwificatiomuait dncfuding\anl enelgmse anidl 4 punificativa natertal disposat witiiin

However g | | o ent raf i f_i_gpur as. is flowed.through

chanber t&%gmﬁ’ls{ye\%ﬂ Ttlexgllbﬁ & Jrh:%)”n .Qh%&%tlﬁgl}‘& e geggosec?t certai g% S8N nin

t he pur ivwhiconyabe nreseatuvithin seihtnslosi2e,/Aaidygas plrificgtionmitdianing tul irdet couptadritg a

| ar ge sficdichi SE@NGE abdunt = @%g VM Thus, when a
3 unpurified gas fib J]aﬁlrégg%tt eﬁ’;ﬁ&ft@gp;&%#ées o?ﬁ&{%eﬁﬂq

di f ference” above a rm ne exl sts between the

measur ed Vol b3ty e Liphate Gheth B drBEEA at Hout i and shilipluiflh ol 2! 27

condition has occurred. One 1ssue wth this® ] that” the devi ce
i s line, whegs said-sgfepy device Hemelophan Parmsignab whengad conseminantywithin baid safgg ues of

rel i abi ldeti¥e @BchrE Q9k1ardb Said certain gas cdnfinfhts within said gas purificatio Mﬂ%&@aﬁo’%s '
i nvention_has been described in terns of several preferredne odi nent s,

e [) 3
there arl@gpcepcsairatiqe levelaveraneripdptimang equi val ents which fall within the

-
2

scqope of this 20 invention. It should also be noted that there are many
wa of inplenenting the nethods and : devi ces of the present

i nventi on. VQEE is claimed is; . L. . L

28 2. A gaspunfication system,with safetyideyice agtepited ipiclaim davhsrein gald ce

conpri sisafgey device is a first safety devide GRPfubthérl c_f:inﬁﬁﬁiﬁ@ﬂ sdébid safehe dvibie\gheréin €& | Osur e
and a plgrsltfslai%gt ée(\)nrg:e q?é&&)ieglto gilﬁ Ogu% eg\nggs }ngut line and wherein said second safety
device is coupled to said purified gas output line.

15

3, A gas purification system with safety device as recited in any of the preceding
claims wherein said safety device detects the presence of said certain gas contaminants are above
a predetermined concentration level by means of an exothermic reaction between said certain gas

contaminant and a detection material.

20

4. A gas purification system with safety device as recited in claim 3 wherein said

detection material is of the same type as the purification material.

5. A gas purification system with safety device as recited in any of the preceding
25 claims wherein said safety device is coupled in series with one of said unpurified gas input line

and said purified output line.
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t he encl osure that exhibits an exotherm c reaction when exposed to certain
gas contam nants whi ch may be present V\Athl n said enclosure, said

gas {)ulri ficat idon uni EI h?vi ng ﬁwllnulﬂz“ﬁﬂtmf‘ t ? Iunpuri fi Sd gas
i npu ine and an outlet coup| gas ou pu ine; an
a safety dewiooenmsupl ed to one*of¢ sdi d"unpurified gas I NpWerhishdnggyd said

purified output | ine, where said saf ety devi ce devel ops an alarm
si gnal when gas contani nant s Wl{hl Ly deV|c th t, are
simlar to Sgl d (f&e)ﬁ?saf’m%amm i} am&rﬁgg °enassr5°“5dd%s?n '|40n uni t

ar e abowherein said safety @pvwems coupleé int pmllebw:th enebf spiccunparified gaxdnmtt hne ael. 10

. r ion systemw th safety device as recited in claim1l
vvherel n sa?%’fpeldouphﬁﬂlte afety device is a first safety device and further
conprising a second safety device, wherein said first safety device
is coupled to said unpurified gas input I|ne and mhereln sai d second safety

dev ce is coypled to saL urlf ed ut line.
%s purifi z'atl dh 285 B gﬁ'@ 6‘0 sasrréﬁﬁeiiéﬁ any, °£r?§7‘“55f e
pr ecedi Merein said safett duvirs 1sl\ﬂaﬂfeelmto oné of sahif mpynﬁm/gac énpdelinecdnd shil uiifisdsence of

said cert& g gas contam nants are above a predeterm ned
concent PEPF 1 evel by nmeans of an exotherm c reaction between said certain
gas contam nant and a detection material. 20 4,

A gas purification systemw th safety device as recited in claim3 wherein
sai d detectlon terial is. he,sanme type.as the, purifigcation

mat eri al . A gas pur J}aamngy stem g“é}é“ypﬁ"r"f?i“éé%/‘{’)‘&h g ARG PRERCIES of
dev® ce aﬁmsﬁrthedompnwmiut&@e@v&eewdgcl_a&s in respdnaé tussaihaarai sigmhiod saf ety
devi ce i §°"9'R%P4,’§°gn h&"ﬁgﬁffﬁﬁég" 6yl d unpurified gas input line

and sai § pur outp
29 6. A gas purification systemw th safety
device as recited in any of clains 14 wherein said safety device is

| ed |1 i £ Ie
cait puri 11 o ourb ilghRR oo At AR Gévics 58 1B R of bl redlthe
syst em waimhs whéreinysaifiesdfety davice dnsludesi aj gettemmpatsfialcasad dgtedtion matenal andirer ei n

sai sl saft&saem@ﬁxsﬁengﬁw&m&%@mlumgqh&%p%ue%fgmwgwfnLteﬁQ gas 'nput line and

said, purif

10. A gas purification system with safety device as recited in claim 9 wherein said

getter material is a powdered getter material.

20 11. A gas purification system with safety device as recited in claim 9 wherein said
getter material is applied to a substrate.

12, A gas pufiﬁcation system with safety device as recited in any of claims 1-8
wherein said safety device includes a filament which can melt when said certain gas

25 contaminants are above said predetermined concentration levels.
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8. A gas purification systemw th safety device as recited in any of the

precedi ng 10 clains furt herm g tomat ed val ve which cl oses
in response to said alarm signa ﬁmmm"ﬂ]”mf?gﬂm gas fromflowing into
sai d gas puwwbfobgsks ON unit. oL M s X A gas purification

systemwith safety device as recited in any of the precedi¥fgl/US98221384 c| ai ns
wherein said safety device includes a getter material as a detection
mat eri al and 18- 15A gas pugfiqatiemsystem with sifety deviemas fdited die tlainh i1 2 Gvhedetn said

t enper at gleBefhis ARl €r materi al . 10. A gas
purification systemwth safety device as recited in claim9 wherein said
getter material is a powdered getter material . 20 11. A
gas purification systemw th safety device as recited in claim9 wherein
said - 1get t g RS IS @ﬁ? ' to a.substrate.

12. A gas puri flgégttl on ss;a?ge%}j m %éggﬁsec?? ré’é’iilﬁ'ce as recited in any of

cl aisns 1-8 idin GhcBl pm% i ety device includes a filanment which can
melt when sa?g)véergt%\élan ggs E‘L‘ﬂws&%’ont am nants are above sai d predeterm ned

concentratiog,d : . P . . W

30 . » sﬁx\é%%ﬁ unpun.ﬁed gpg through 3 &2 prifeption it that ipelpdes, 4 pyrificatione

devi ce cmateriadite gpvide 2 ipufified Basyindersi sids pindfication materihl kshibitst ari exottiesiaic

t ensi oN.zeaction when exposed to ceﬁaii]xéasc Amiehnogd ff or safely purifying gasses

conpri si ng: 5 p ovi di ng a source of unpurified gas;

passi ng sai dguBlibifhd olaR a rification unit .that includes a

purification : 1 tegr@f?i é}{co_ pr()l%e%ea":a&pg)u""Pf1 I é‘&“‘ag‘é‘? %5119(‘-53 v

purlPf i cAPPAtaienden wperiod of Bie & eithep avbdtle pfisaid unpurified gasead said purifidrgagx posed

to cert aiirdiasd Gad At ardBihilar to spid cortain gas AFLESLLAOWIAE BlaCgaNCe Of
v

excessive |levels of gas contamnants t e a glven
purification unit; an

providing an alarm signal upon the detection of said excessive levels of gas contaminants.

15, 15, A method for safely purifying gasses as recited in claim 14 further comprising

shutting off the flow of at least one of said unpurified gas and said purified gas upon the
generation of an alarm signal,
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10 . concentration-for a period of time in either &&9{4’1%@%&"3"
unpurified gas and said purified gas, where sai d gas f-“"‘ii
are simlar to said certain gas contam nants within said ga

purification QT and WOR’-DTNTELLE%%“;I& promsRTdpRegNmATION| ar m S| Sigg? upon the 4
det ecti W g P} % cont am nant s.
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A gas purification system (10) with safety device 10 Upstsf)eam %
includes a gas purification unit (12) and one or more safety Tmpure ‘,—22
devices (20a/20b). The gas purification unit includes an _\_<___ s
enclosure (16) and a purification material disposed within the
enclosure that exhibits an exothermic reaction when exposed %4— \
to certain gas contaminants which may be present within said 202 \
enclosure. The gas purification unit has an inlet (18) coupled Y
to an unpurified gas input line (24) and an outlet (20) coupled 4
to a purified gas output line (26). The safety device is coupled /
to onc of said unpurified gas input line and said purified
output line, and develops an alarm signal (52/58) when gas
contaminants within said safety device that are similar to said
certain gas contaminants within said gas purification unit are 12
above a given concentration level over a period of time. /
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