-1 METHOD FOR ANALYSI S OF CONTAM NANTS I N A PROCESS
FLU D STREAM RELATED APPLI CATI ON Thi s application
clainms the benefit of U S. Provisional Application No.
5 60/ 449, 284, filed on February 21, 2003. The entire
teachi ngs of the above application are incorporated
herein by reference. BACKGROUND OF THE | NVENTI ON There
is an ever increasing needjfor high purity gases and
liquids for use in 10 various chem cal, nedical and
pharmaceutical, and nenufacturing processes,

SRERLOHFHR XNP][]_Yg\é:bF%&QfAI@mAﬁ\?FS i %ﬁgc%c;éﬁgm@émmm

epltax and t m pr ocessi ng.

challenges facing today's high purity gas and liquid
users is neasuring contamnants in their process gas.
CRELATEDARPEIONTEQNNt in snmall anmounts, such as

parts{ﬁﬁ%eﬁﬁ&&&ﬁQﬂm£$ﬂ£)m£8ﬂcﬁnﬁﬁ %hﬁﬁ%nmcﬂﬁﬂéﬂ%ﬁﬁﬁggy

af f rocesses, especl
0 00/84: 35 Be e 21 @6@& Aitve praig tsachlﬁgs <) @@@bo‘ie ﬁpnllnqiign se

OlrefiR0RBITed BYBRLFWNLED equi pment roni toring response
time or random nat ure prevents measur enent and

contalnnent By providing purification on |ine,

t hed d | t
und iﬁ%ﬁ%ﬁfbggﬁ@iﬁyﬁgﬁﬁﬂfgveﬁs g?e cgﬁgegtrated in a
f
Co ot =R EGRE eIy e o
o T

| %Ubﬁ’l@él%@ﬂ micRREEHINRE %:g AfhosRshy, B R Eh'lnvﬁim pﬁﬂ:essmg
exanpl e. of direct injection nethod capable

C @Ak bNHOLS G RR IR AT s FIRNprOF 28 Ghd IQuiti Qsnds Jn@as%g

6, 547. 861, which describes an API M5 detection nethod

C apadhieanafin theia ploéaaggaR SCentminants present in small amoumnts, such as
parts-per-trillion (ppt) concentrations, can adversely affzct the processes, especially
over long periods of chronic exposure, Contaminants may occur in impulse ot random
events which equipment monitoring response time or random nature prevents
measurement and containment. By providing purification on line, impulse events
may be smoothed and low to undetectable contamninant levels are concentrated in a
purifier,

At the ppt and sub-ppt levels of contamination, coitinuous process mounitoring
is not feasible with current analytical methods and technologies, Direct injection
methods may be imprecise, inaccurate, or cost prohibitive. An example of direct
injection method capable of continuous contaminant monitoring is found in US

6,347,861, which describes an APIMS detection method capable of reaching 25 ppt.

See, US Patent Nos. 6,350,308, 6,397,660, 6,418,781 and 5,304,796, However, this



10

15

20

25 See, US Patent Nos. 6,550,308, 6,397,660, 6,418, 781
and 5, 304, 796. However, this -2- systemis |arge,
expensive, and requires a skilled analytical chem st
or technician to operate. Concentration nethods are
often enployed to nonitor contam nants over | onger
time periods. This nethod.pnvol ves placing a
concentration device, such as a thermal desorption
tube (TDT), into contact with the process fluid. After
3yse fsddrfe, Oxpehdi®e, BRITbQlked HekileindlRichIRBMECH: tdcRibib S
process and sent to an analytical lab for testing.

\Bbérhte. Chigerdtfafionmbinod aRy &Fich dRBI0}Mb GRfitor 3brAkrYiSiArts Gbr
chronic contam nation in a process, it suffers from

Ny tehicapsBiadsk This TR d ivelveOpadhd Acos@fhtion Gelig, Such asa
certain class of contam nants, usually hydrocarbons,
i gl fde @ibtivt fube (THT)0itol coMta&athaie fedats flukd R b c&&in
reduci ng sanpling tinmes and requiring frequent
tigfel pag @NBOTDT T3S0 @a fidel thd frogei@idatit Yo #Ba4lytidaElab for
efficiency and capacity requirenents of purifiers.
TStise, aWRileahd EDT mietho® poaidedibo® cvit bihlyslstor Shrbii€ fonRitihidivn
(UHF) fluid delivery systens. TDIs are not required
éd epeedss itahifférk ftol nthal dM@bicks YBD B WBe @onflallyt etsfic to ACERAS €
the cost and conplexity of any fluid delivery system
\Yhesoficoigiminbed upaliphjdedcatbons il e O OERS fréth Wvbconthelinaver y
line, TDTs bleed gas fromthe process, thus increasing
gamcitise redtdng @apiing thges hbd Agaithafeuee Mdpldeement DISTEdothot
easily cross-contam nated during installation and
reemvnal iy imeer therfficions asd Edpakits réquir@senisldf@uiti fied PTG are often
efficiencies of many TDTs are not very high,
fiiesupatibhgwittnultroieh paday AETP)dmid defivdrg syefemt ODDPpire ndther e
are many possi bl e sources of contam nation during
irerpired ¢leradntsif doidsisibsry sySems orel, fhas ésreasedhd dogieinds nmay
contai n contam nants. System | eaks can generate 20
enmplexatyd adyafluid dedivenyisyssami. SWhedf ihstg g paraliel sontble process fluid
perneability of tool materials, mainly plastics but
delseryclerai tshlad dastrau the @asessithelinca@sing gasassodragirng
syst'em cont ami nat i on.

adequate venting. TDTs are easily cross-contaminated during installation and

removal from process fluid lines. The trapping efficiencies of many TDTs are not
very high, resulting in lower detection limits of 100 ppt.

There are many possible sources of contamination during industrial processes.
Source gases and liquids may contain contaminants. System leaks can generate
environmental contaminants. Off-gassing and permeability of tool materials, mainly
plastics but also ceramics and stainless steel can be a source of system contamination.
Contaminants may arise from the by-products of reactions in the delivery path or UV

light induced reactions, e.g., in photolithography. Such potential contaminant sources
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Contami nants may arise fromthe by-products of
reactions in the delivery path or W |ight induced
reactions, e.g., in photolithography. Such potentia
cont am nant sources -3- and their effects on the
manuf acturi ng process provide inpetus for using

poi nt-of -use (PQU) purifigrs. Exanples of PQU
purifiers include inorganic adsorbents, including
zeolites, silica, alumna and transition netal-based
aflistheibeics jon fiRinaaaiatiifigeIrdcsss pdévidngeths LY ft-ofdKe Ch
can be inbedded with adsorbent materials; and others
Kroyputifierst hose skilled in the art. Exenplary PQOU
purifiers are those taught in US patents 6,391, 090;
6, 36 IEaRBles 6f B p@ilets irdhle bnddRRicBdrbehREinEGAh Preoiikd, er
sel ected depends on the source of the gas or liquid
tificah elupra sedirddsition gibtal-beedudsdrbdngs; paRdiuhRells ogates of
contami nants typically present in the process.
Splgaérk,ivechichanah Berintbadded fvith 3 8doe®niThyteriats yndlhebyl@adh 1o

bet ween gases and |iquids, as well as between

thioef skilied in thé @t SEEmEfaryCRIE Burifters dré Htdedsughtin USex@ap! e,
i ght hydrocarbons (LHC) generally cone from i npure
§.0011,099; 6,06i5698; 6,M 11956 0m0 61059,859N tThE PO jueifier sBlRtES dependand
organi ¢ sol vent vapors are generally present in

o tha owoa thelpat ortiayidbebamede sagh die pHitififraadthe 6durces of
di ssolved in source |iquids. Heavy hydrocarbons and
c@ftanacdnty typicablypesent] 81 thesprgeess. Sptdfiatvagniganeisakd yaylary
cone fromplastics, lubricants, and seals used in
boadlg bet@xgngmeses ORljquidaths cet] bobetwekn alitfetkat (I3ER)of tasps @al | y
come fromthe environnent, i.e. leaks in the fluid
telidsv doyexamylst light hylisocelibbdsdEHAOY genontlnonnralining intpareckotiroe
arise fromdifferent points in a process, exanm ning
gont. Airognts cadsomnbed, byispirnd bepsc sahdhtCapes as gurecaly
of contami nation in a process. The information

gesmat mtcldnibyms batmayrve aoralkeyssd sn gafacdyser disetied m sburps ove
20 process control. ldentification of contam nation
Hgudse dagl Hydwsarbors anhefregal atmprnds (e.ghgloxanes) generally

come from plastics, lubricants, and seals used in tools. Oxygen (O,) and carbon
dioxide (CO,) typically come from the environment, i.e. leaks in the fluid delivery
system. As different contaminants tend to arise from different points in a process,
examining contaminants adsorbed by purifiers indicates sources of contamination in a
process. The information generated by such an analysis can be used to improve
process control. Identification of contamination sources allows for the isolation of the
step to determine the effects on the process.

While many purifiers remove contaminants, in most cases the contaminant
molecules are destroyed or otherwise modified as they are removed. Therein the

contaminant molecules cannot be released from the purifier material or are not



step to determine the effects on the process. Wile

many purifiers renove contam nants, in nost cases the
contam nant nol ecul es are destroyed or otherw se

nodi fied as they are renoved. Therein the contam nant

nol ecul es cannot be rel eased fromthe purifier

material or are not -4- released in a discernible form

or reproduci bl e concentration. If all hydrocarbon

contam nants are converted into carbon di oxi de and

water or if all sulfur-containing contam nants are

rel eased as S2 or H2S, the t4ue nature of the
contanminant as it was adsorbed by the purifier

relgasad in R discermiRle &Y of repredugible cesa%mypeon ARl RUAERSSFReBI e
getters are thought to adsorb nitrogen to form netal

Cﬁﬂt@m"é?é’és ar@)@?@@ﬂqdd”ﬁocﬁaﬁk?%@f'd%ﬁn%é%ter oh gl é‘tﬂ@fﬁ CP@)ta'“'ng

form nmetal hydrides, _and hydrocarbons to form ne

ceaiapinanss ar@d@‘ﬁa%ﬁd asyRPefr A e teanature ch he ‘Pfé‘t%”[]'f‘ﬁ'ét@é it was
into the bulk of the getter alloy. In this case the

agdaerPasPn st P%ﬁ%mé?”égﬁ H?ﬁ'soﬁ@'l?i%s‘: W ieanrey am@yﬁporable getters
purifier in a chemcal state identical to that found

ar%tmﬁehtgagdmrb nitepgen '@ far@dnetaliyides oxmeen tojembaista) oxdes,

a result of the saolid state diffusion process that

hye©ges tq form meaidl "é(ﬁﬂd%ﬁyd gydresarpons toifeim metal carkides, each of

desorption of the contam nants fromthe purifier

whitheganamigrade Eamde sugareriniodhe pulk &f thegeder altayelndhisgrprithe

contam nant species, requires high tenperatures, is

cpn@eumﬁ@emwnnph%ﬂwb%fm drurifieniaia shemical \?@t%\déntlca'

aware of International Publication No. WD 96/01423 .

te thakjoupdiinheigas ogliqde serm oF yihermone; prebakly as rgesyifitegpolid

and nethod for real-tinme detection of inpurity

staip difion Presess Hwaéomwrhtgewdsma@awemp%ﬁé paterials,

coupling interconnects a purifier with sensing neans

deserpiiempt tbe cagfamanis i ths pyrdigematsria ﬁéerga%@g?ré@ﬁi rejgtive of

switcher valve is interposed in a flow |oop between

the,arigioglicentamingnd speriess sepiies high teraperaturese is/ingsqueaiei ang!

involves hazardous conditions.

We are aware of International Publication No. WO 96/01423 (Tom) which is
directed to an in-line detector system and method for real-time detection of impurity
concentration in a flowing gas stream. A sensor coupling interconnects a purifier with
sensing means for monitoring the impurity level of the gas stream. A switcher valve is
interposed in a flow loop between the purifier and the sensor for selectively directing
purified or unpurified gas from the gas stream to the impurity sensing means.

We are also aware of US Patent No. 5,511,409 (Knaebel) which is directed to a
system and method for monitoring the level of a VOC or other vapour contaminant
emitted in a gas stream being vented at a specified pressure from an emission source.
A medium of a bed of solid particles is provided within a vessel having an inlet and an
outlet which is effective for separating the contaminant from the gas stream. The

separated contaminants are concentrated in the medium which exhibits an increase in



purified or unpurified gas fromthe gas streamto the
inpurity sensing neans. W are al so aware of US Patent

No. 5,511,409 (Knaebel) which is directed to a system
and nmethod for nonitoring the level of a VOC or other
vapour contam nant emtted in a gas stream being

vented at a specified pressure froman em ssion

source. A nmediumof a bed of solid particles is

provided within a vessel having an inlet and an

outlet which is effective for separating the

contam nant fromthe gas stré&m The separated

contam nants are concentrated in_the medi um which,
MARRCHIEIPORAING (¢ e ROy of the gontgminant Hiaf wgaeﬁaﬁamdﬂ%the gas

t he appunt of the con n1nant that was contained in
SF?Pé“g'?ié” SEtYRAMAVELR PHeT artigle. é’F’QtOéiWQB@P 4 AQHa%GetsldeISB Purge-
"Phot ol i t ho rap Advances Push Pur ,
Gaghurifieationg yJ@gg $t ghg(Sogﬁl Sigte Teqhgg? o9% @Q\ﬁnéber 2002) describes
Technol ogy, Novenber 2002) describes a
ar?%%l%‘i’ © G BYBBTRrEOMEAHRMERDS C@BH%"H%& %aﬁ“pée %%ﬁﬁﬁﬁb“ses a
hat uses a _thermal desorption tube (TDT)

tr@é‘ﬁ‘?b‘i’?ﬁof@oa Re (L) sentainige @ﬁ@c'éla[q%l‘évec?ﬁdo‘f‘rﬁ?% ghrapyatograph.
SUMVARY OF THE | NVENTI ON The present invention relates

to the nonitoring of contam nants occurring in

manuf act ur rocesses that enploy fluid purification
LBMeBY ShE BUERTNSI 1y he’ oresent i hventi on
provides a sensitive nethod for anal yzing the o
cont dAERERRENEIBMIEIRD relatesie therf“%imf‘%@f eATRYINBPIEQeEYERg in
that enploy gas or liquid purifier. mterials. In its
AL NI PrGe PR het Qrﬂféobﬂ@g@Hf'f‘QaﬁQ@H?Y'% More spegificglly, the
for obtaining _information about the contam nants
PERSESEIRYetiaN RToydse Sssengtive meﬂnqdc{er analyzing the gontaminant

enbodi ment, the nethod conprises passing the. rop_ess ]
cpmqﬁr@'agqri%gma(r@fa@tur ing IRECCERESS Bat &rpplanBaper 't‘WéP pyriiegmaterials.
stream through a purifier material to thereby adsorhb
cont &MithBipedest gatbgdimpat H’l?rﬁ’r??%ﬂ* inventenya Ariaethed &35 opkaiRing

the contam nants retain their integrity and/or .
information about the contaminants present in a process gas or liquid, In this

embodiment, the method comprises passing the process fluid stream (e.g., the entire
volume of the fluid stream) through a purifier material to thereby adsorb contaminants

~ onto the purifier in a manner such that the contaminants retain their integrity and/or
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-5- do not distort the concentration |evel of the
contam nants; isolating the purifier material from
the process fluid stream desorbing the contam nants
fromthe purifier material; and identifying the
contam nants desorbed fromthe purifier material and
determ ning the concentratipn thereof using analytica
nmeans, wherein the 5 concentration is correlated to
the contam nant concentration in the entire vol une of

t doenopdieER e cbhddhiehtivh (LA TR RohtiiakHH; MRAOME e
nmet hod for the analysis of gas or liquid purifiers

Urigtetidl Rrom tiEBsaotesCiuid 4R8O BIBS the Qo ahi84HH #&n the purifier
contani nants removed fromthe gas or [|iquid stream by
t Mgterpitahd idesitifyiff HRcoRARARE ddbrb& fd1e the BEri St ndaleAbli Hd
stream for a period 10 of time, the purifier is
Cdbrpnaining thel On@ntraibalthekdof adind MSKiANRBAns, Whebbin th@aS

chr omat ogr aphy/fl ane ioni zation detector (GC FID) or

gRGcenhitRiR RgERRAYY HBsHtanSRAE IR it FeeMR) voidRdot he
purifier is subjected to conditions to desorb

clnpracas@id Srea. 9., heating, vacuum or addition of
alternative gas, to release products bound to the
pur i f iTe¢ inh@tiedn pabidedaandd fofife BaYysk of 8dslof Giddipurifiea
stepwi se fashion to 15 rel ease contam nants

sepdinatnehyfactiiie Hesey tp téterhisd dog@iinats ARANYEZRSN tHe gas or
determine the contam nants present and their

doniiettaaby thapurifldsi Afgerdaiitact iWith MeaaPaliguidtrédm UE pdriogr
and process conditions, information about the process

neyinethepitrifiape bainected g andlyifcairimatimen, £agabe used to
i mprove process control. The chem cal or physica

athtdnargebhyfianed sizatih idviectga&CED) fgadseshitcoriphiass 20
the contam nants fromthe purifier material. In one
esptaodineey(GC/MSE aad the purdiicr waubjesed t6 condhidnd ©alkdoyb | nert
to the contam nant and/or the purification naterial.
| contamntilne fe. g., deding, vaenin ortaliditiad éfaiteraitive @asgaSelesde products
chemcally oxidizing to the contam nant
bound to the purifier material. Desorption may be effected in a stepwise fashion to
release contaminants separately. The desorption stream is analyzed to determine the
contaminants present and their concentrations. Using data from a particular purifier
and process conditions, information about the process may be extrapolated. The
information can be used to improve process control.

The chemical or physical action of an alternative gas can be used to remove
the contaminants from the purifier material. In one embodiment, the alternative gas is
chemically inert to the contaminant and/or the purification material. In another
embodiment, the alternative gas is chemically oxidizing to the contaminant

compounds and/or the purification material. In yet another embodiment, the

alternative gas is chemically reducing to the contaminant compounds and/or the
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conmpounds and/or the purification material. In yet
anot her enbodi nent, the alternative gas is chemcally
reduci ng to the contam nant conmpounds and/or the -6-
purification material. In a particularly preferred
enbodi nent, the alternative gas is hydrogen. The
present invention is a netlgad and apparatus for the
identification and quantification of contam nants
renmoved froma process gas or liquid by the normal 5
PRefiatibomnatefial AlnidartiduRFly plferee bnbddifent @W@&Eﬁkiﬁ@ﬂs of
said contam nant is below the detection limt o
afabydn, cal equi pment commonly used in the

manuf acturing process or known to those skilled in

t he arhe préeiteichiin ik b HethSd MAllappddtusontha MeRdithticEld
anal yti cal equi pnent varies by manufacturing process,
Ruintifidatioh bScoptaafiRits@enoveiriosiaPRibssiheorabid ap eleabing Of
cont am nant concentrations in the range of about 10
@peratich, dB0 Guiiiir,, wheretd fe adilcynti@tidr FOAd Pitamihsnt ROSHIvAheE .
In the nethod of the present invention, the data
aloteetion eichitadf bedlytRAlakgyipmeg cbiiMonlg @S iphe RMFaSurGlzHeRBIs
quantitatively reflects the contam nant concentration
ionkitdwer to fioscskilied gathie art. Déteptib®llimitdvady Bedontamimabt ati N
actual contam nant concentrations in the process gas
@nal}tiogléqdipmesivaddstby piapcRasrispecdeds, but imthidpHreriedn NMust
be known. This 15 information includes the flowrate
e@fmbpdimedsis qgaspotatioh bpshEmidaheoh@hi@ddtiond iAtheQhngp WF htfoler
use, and the duty cycle of the purifier. This

10ctf elr, (0@ tpp 1o prefesabatyddll ppt.K@easibley t he operators of a
parti cul ar manufacturing process and woul d, thus,

r eadi Inythdactbdat eithregivésent ilyntidnothe dak obthiad dfter dnaziag the
The nmet hod of the present invention requires that
closvb@ioh garstrsan quadeigivelyedlecRlhd coatmmiaet q@ucenfrat@n in the
non-destructively or that they be desorbed fromthe
puacedsiges oriliquid. In order to obtain actual contaminant concentrations in the

process gas or liquid, certain process specific information must be known. This
information includes the flow rate of process gas or liquid, the total time of purifier
use, and the duty cycle of the purifier. This information is commonly known by the
operators of a particular manufacturing process and would, thus, readily be obtainable
by those skilled in the art,

The method of the present invention requires that contaminants be desorbed
from the purifier non-destructively or that they be desorbed from the purifier in a
discernible form (e.g., non-destructive). For example, oxygen may be chemisorbed
by a purifier material to form an oxide layer and released from the purifier material as
water after reduction of the oxide layer, in which case the oxygen concentration is

discernible by monitoring the water concentration in the desorption stream.
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di scernible form (e.g., non-destructive). For exanple,
oxygen may be chem sorbed by a purifier material to
form an oxide |ayer and rel eased fromthe purifier
material as water after reduction of the oxide |ayer,
i n which case the oxygen concentration is discernible
by nmonitoring the water cancentration in the
desorption stream -7- Furthernore, the total oxygen
contam nant concentration and total water contam nant

CRURG ErfHofedthie @ftal eR Sordh@hahe 6shc&RRASAING kotal Mhter EMtaminant
exanple, first desorbing the water under non-reduci ng

CdREntratdA nal Bk hidVYREH RYark@ WS foVékatnpR SfirsRRordif: thelveRs e
chem sor bed oxygen. 5 The invention 1s an apparatus

fi@dertrldg-retinaihy sdnditiohs RNy Rafti e defpeResddam a
purifier. Such an apparatus conprises a connector with
achwlsu®eddxygdnher controller to attach the purifier to
the device while |limting exchange between the

pur i f T8¢ indéiod Ren aBRRALI6UBS andlyhi§ ot RhtaAlfnt DQLMRS ket a
for regulating the tenperature of the purifier

nEtiged Such d a@PfatSiohpEsed AComeSNHACd @llve\Wk bifier@ontroller to
controller to attach the gas source to the 10

apet thd pLaifieto ke deliod #hildingKEd OB cOBRINER Ihel JUAfiGIARd the
source and the apparatus; and an anal ytica

| appdrhitudya Mtatdr andiBt@oktat BEregdsp et M@ o NARbisified NE
apparatus preferably contains a quantitative

anadrial;iagas soufts kiidi@nhectod witk b ebriioller tb leichithdhd doMrcofo thdre
contam nants rel eased. Further, the apparatus nay

Cappdratigwhikes Bnifidgencleapd ebhdeR i gafiburcy aldiBS appdREOT Al kN
tubes and/or cold traps for collecting contam nants

amellyticat mpmutiedt to H&tc@ theakivebedlcoghtiahntd. Okdle apfddtusGadierity
used for data analysis. BRI EF DESCRI PTI ON OF THE
DA NGGuantietieraasigindal insteht 0 detednlihe theqetity @F the
under st ood when consideration is given to the
foohtapimamgrettetedi Fathed dgcappgratiomayt doatamahass Hove Bontrollers and
description nmakes reference to the

valves, desorption tubes and/or cold traps for collecting contaminants and a computer

or other logical tool that can be used for data analysis.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood when consideration is given to
the following detailed description thereof. Such description makes reference to the
annexed drawings,

FIG. 1 is a schematic diagram of the apparatus of the present invention,

representing a preferred embodiment thereof.
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20 annexed drawings. FIG 1 is a schematic di agram of
the apparatus of the present invention, representing
a preferred enbodi nent thereof. -8 FIG 2 is a gas
chr omat ogr aph of a si x-conponent hydrocarbon m xture
in air detected by flane ionization detection. The
anal ytes were sanpled withga liquid nitrogen cool ed
cold trap. FIG 3 is a gas chromatograph of a

si x-conponent hydrocarbon m xture in air 5 thermally

desor brd 2fid D§As 3hBRhiB kst of dSH-ddH; bﬁéneﬁyd@dagrb@l%%lr@ﬁh Ry
flame ionization detection. é, i's a plot of FID

[dR&BRNBLElane Bnizatidf HEEHIEH ﬂfé@ﬁﬂ%i ﬁ&rh %npléﬂe&lﬁihshcfum et
concentration, calculated fromthe dilution |evels,

mghg&a&%kﬁgogkﬁpconponent hydr ocar bon m xture

concentrations 1n air. The plot conpares the

calibration 10 standard thermally desorbed froma test

p ur i f FEH 3ion gas ehrompiesraphat{ @aixccopmerent yarocprben mixipe jngir
passed DETAI LED DESCRI PTI ON OF THE PREFERRED

PMERPrEedgtont heoigiebaproPuri§er anf getesteddiyrilamy iqpizgtien has

i ncreased, the demand for nethods 15 of nonitoring
©ctiglr i fi cation and optinization of nmethods to reduce

contam nati on have increased, Increasingly sensitive

et hodfs ane, ﬁl@t%f 'Ff]?@sgo%e 123 ede?e@é!i Y&t @i ¥R tnlet
per-trillion (ppt) and sub-ppt contam nant

CORGEMtioAldh RMSted ﬁ@i‘ﬁ'tﬁb&hl@@&ﬂel@\te'lsofbr Ming 8RRbYMSdnSnt
equi pment’ nore conpl ex and expénsive, The invention is

Ry BRI hiRfurd J&ﬁcen§éﬂ%n9m1nrp AR ABEoYPhrSs t‘Hé cABRLGM nant
concentrations in high purity gases or liquids. 20 The

NERh AL HeNANE 188 fHe@ rBM ailtdst ﬁfrlﬁtepl%tther SRP V8 RIaldhen the
contani nants from a process

purifier is bypassed.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As the demand for higher purity gases has increased, the demand for methods
of monitoring gas purification and optimization of methods to reduce contamination
have increased. Increasingly sensitive methods are required for the analysis of parts-
per-trillion (ppt) and sub-ppt contaminant concentrations, making detection and
analysis equipment more complex and expensive. The invention is a method for the
sub-0.1 ppm analysis of contaminant concentrations in high purity gases or liquids.
The method comprises a purifier that removes the contaminants from a process fluid
stream while on line and detection of the contaminants desorbed from the purifier

while off line.
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streamwhile on Iine and detection of the contam nants
desorbed fromthe purifier while off line. -9- An
advantage of the invention is that the nethod can be
used to nonitor a process fluid streans that contains
| evel s of contaminants that are normally

undet ect abl e. The inventiop_allows one to ascertain
the concentration of contamnants in a process fluid
streamusing integrative sanpling of the contam nants

(i.e. ap Q‘Mantg% ﬂhhsvgﬁ léﬁ'latthattﬁee,ﬁ&p@@c%ﬁ gﬁustemo gkt he

purifier mat o th over

SRRERTIALE £ BHIRIORR OMMTIRHS ole Rohldy PUT 1 T €7

eac etecta I evels con to pe odi c

ﬁtﬁ c{agg qﬁ\%l’lﬁ,{ﬂ‘ledllg@psr@% &@é}{ald tfyY §4n§enﬂ'£t?on%!f p(%ﬂawu’?‘aﬁ S

tecta ntegrative sa n eriod can

§f)row§§ﬂﬁi§ Fﬁ'éf‘iln dsfn Gt atliizﬁﬁmgﬁﬁé (gfl thed coﬁ[ﬁﬂlﬁ{aﬁ@lk’z eo [ofPVEr

e entire I 0Ccess. es a

%meqmd ét&grgtpag&%ﬁ%@q&e RViRE V#?ertab%o tifaPllef dlrﬁé‘{ﬁle use of

t her mal sorption tubes, a portion of the

REQERSSion Bmg&beﬁtcmamnarﬁs g ?%ﬁ %ﬁ&ﬂ%ctgm@lqum_m

rather than the entire process stream

I BMR b 95}1Jd%rsﬁxgﬁfngr%h@1‘é'tﬁjeec%nﬁﬁ\g)ahﬁg‘fels%?eccﬁﬁe?witsé)urﬁbtgaable
sensitivity analysis of contam nants adsorbed by th

PIAE ;riftég@a&wwsasmﬁg pém bzﬂlg)eto%r%érlﬁaﬁﬂﬁ”e SHRERFINEmARR ¥ST S
equi prment. The 1 nvention may further include analysis

%fverttllibeenﬂﬁmﬁ A6t b thOoREQ CRSproviesRanaic AN acwaﬁtage over
contani nants desorbed fromthe purifier allow ng

QRS thadlt i Ad] @ b BHferrhd) QesoFRB fuB&! WhdrO\&hI1PE %ﬁ&%f tﬂeﬂ)r&c’é‘ﬁ
nmet hod of the present i nvention, a purifier

ifmet saedre e dirscr@f tiodgleé TV Farher lh'aﬁ‘ fhe SRYUrY bﬁbé&gﬂ@!d stream.
manuf acturing process. Since purifiers are comonly

i nst athedvention fulthér GrodtRikd 368 hider bdcBRIe hillH &ﬂﬁhﬂ{g' aMalysis of
poi nt-of -use purifiers in lines servicing

RbRERRAREITOBELS tRY REiESSHitheed ISvind® paddhdicoRadive analysis
equi prent or functional input is required

equipment. The invention may further include analysis of the manufacturing process
based on the contaminants desorbed from the purifier allowing optimization of the
manufacturing process.

In the method of the present invention, a purifier is installed in a fluid delivery
line servicing a manufacturing process. Since purifiers are commonly installed in
fluid delivery lines, especially point-of-use purifiers in lines servicing
microelectronics process tools, no additional equipment or functional input is required
by the end-user to practice the present invention. At a desired point in time, which
may be the specified lifetime of the purifier or a specific point in a process as after a

major system upset, the purifier is disconnected from the manufacturing process. This

may be accomplished by physical deinstallation of the purifier from the fluid delivery
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by the end-user to practice the present invention. At
a desired point in time, which my be the specified
lifetime of the purifier or a specific point in a
process as after a nmjor systemupset, the purifier
i s disconnected fromthe manufacturing process. This
may be acconplished by physgical deinstallation of the
purifier fromthe fluid delivery -10- line or by
closure of the fluid' s flow through the purifier
okl | yes

TR & oo BB apP G0 b PRGN R B Bl

nt th u has
6%%?@%% Pff\pa? Vegs Jrassyf o ego%ﬁbl{e?sbﬁr{dmﬁ‘ Imlgé/l} hllag dgxmje ﬁft‘als 1 ow

¢ Elrgp tg 815156% dlppgl{ tayothf énd%';é} h%sho%eﬁ thfég nk%esoggloggasqﬂﬂgr@' L

am nants, are non

the desorbed
catl cont am nan over the process

R %&%@?@E@p e Bt on 15
gagntl%ga?&)ﬁ bft{ﬁg (gb/no ! A% o%}% 6c%ssr§)g§mﬂ béﬁ'édequlor 1o,

I on an desor pti I nventi on reqw res

tr%g?eg%nﬁﬁme pﬁHﬁ&'zﬁa&e&al 10 purifier materials that renove

ants 1n di Scerni bl e manner. Preferably,

cont aWhH@'{l]xE fnef% of tﬁ%ﬁ&%ﬂt 19\)énﬁghqs pattdstricRl by any specific

non- destruc certain other adsorption

%%{[%ﬁhﬁ% Ba &Eﬁdncaldh/%{ dets&gﬁtﬂe@lb fn'vgntBH kdgliir&Rhd TRE 61's %)ébllﬁtc

consi dered di scernible accordlng o the

:}ﬁﬁf‘@%a%tlalts IEH%t RESEDhtal R epcﬂscelp tid lﬁén%Er PF@&Q:M al s
are especially suited to the nethod of the

REGSGRbnt DY RV QN byahEpfEaitShon-AediRBRRIV bilt cBRINdheRf - Use

purifiers availabl'e from Mykrolis Corporation,

%ldéolrﬁfoh GRehalins patiQil® XAGtciRAS PR hAR He Rl o 08

mechani sns of various contam nants in conbi nati on

WohdMelealdisO&Bible MRRRdIRS to tR@REnoRWE Tht bREt Av@tibmknewer and
specul ative, but the requirenent of an analytica

rneiééiaismmeesp@@mwes@rﬂem 26 Rtho8 OfthapicRanhveancaaGa@t i on
an

Keeper™ point-of-use purifiers available from Mykrolis Corporation, Billerica, MA.
The exact adsorption/desorption mechanisms of various contaminants in combination
with various types of these purifiers are unknown and speculative, but the requirement
of an analytical relationship between process contaminant concentration and
contaminants detected by the method of the present invention is met by these purifier
materials.

In one embodiment of the invention, an end user of a purifier at regular
intervals or upon development of a problem, disconnects the purifier from the
apparatus to which it is attached and ships it to the manufacturer or other qualified

analyst to determine the contaminants in the process gas or liquid. Alternatively, the
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contam nants detected by the nethod of the present
invention is net by these purifier 20 materials. In
one enbodi nent of the invention, an end user of a
purifier at regular intervals or upon devel opnent of
a problem disconnects the purifier fromthe
apparatus to which it is tached and ships it to the
manuf acturer or other qualified analyst to deternine
the contam nants in the process gas or |iquid.

?‘u{lﬁ& %g 'b¥ gi‘f%tl}/igc? tacpréld' fro%y{hle £%)§1\r/a\l}]ulg?(¥wﬂa‘l g ](s aﬁ%c écy y

ache rom apparatus t I's attached by

B%Hssof%fbyl?ag%)ﬁ'r%ﬁ d%%aLan&@ bf?ﬁisg)eaﬁ% 6880 méeh&d't%ca%p&p of

e puri e analysis equi ocess

_Fﬁlglprﬁ%lt e;ﬂrg&sscfgmnq Cﬁ%{:}%taﬁ%ﬁ%ﬂe étR)Hsc'ﬁs lth% séd?é? sane.

epurl l'er 1s att to an anal ytical I nstrunent,

i fi
S | bj ecﬁg@’r:h ikt MPan an?l g ngtﬂﬁeﬁﬂjg bf beferb $r Goms,

to conditions t esorb t he®tont am nant s

| 16 ‘Bbrni%r QY Ject&lqg cbddffoh€d atBrb tﬂee&tn{aﬁﬂqam‘é %Hlﬁ!tﬁﬁ but

exposure to alter native gases or co nbi nati ons er eof

Thenhgatd, rﬁgatﬂgWagﬁuﬂ azm&% RLIShEND ge@est& cSEPRLREShereof.

cont am nant s ei ng desorbed separately by strength of

t'ﬁ\% hkﬁhg&gﬁ bd QRp¥d drltehid tALdER4D @d?ﬁmm%@'b%in? BesBifbed

alternative gases can be used to physically and/or

chegaby Mreﬁ%h EASE inREREMECY S ROMIGHER. LB@tidEFaRerddve

(e.g., injection of hydrogen to rel ease oxygen

seehed k& b Bﬁysﬁ@lw AIRBCHORICEIY releadyBtJIBESHARIRA to the media
sorptlon are well known to those skilled in the art.

Fek., st hy#esa rt@iele@sfé,oxfiééﬁ adsBitpElakdth&lida walde).
increased linearly or increased in stages to a nunber

Offeth &R LP@SEBliorRRE WEIBknoW & BEB KIANEd A He 280 Rbrahdhinglg
streamis analyzed to determ ne the contam nants 15

PleSstRIbh, BeRmbAsife ceORCIBRtdsat lireMs). or GRAasdimankstonenoved
fromthe fluid stream include, but are not limted
t b FainerneopFmiinds (e. g" Cl- C20 hydrocar bons),

The contaminant containing stream is analyzed to determine the contaminants
present and their concentrations. Contaminants removed from the fluid stream
include, but are not limited to, organic compounds (e.g., C-Cyo hydrocarbons),
carbon dioxide, carbon monoxide, nitrogen-containing compounds (e.g., N(S, NOg,
N,0, NH3, organic amines, or NX3; wherein X is a halogen atom), sulfur-containing
compounds (e.g., SOz, SO, HaS, organic thiols or thioethers), hydride compounds
(e.g., BH3, AlH3, SiHy, GeHy, NH;, PH;, or AsH3), hydrogen, halide compounds (e.g.,
HF, HCI, HBr, fluorocarbons, chlorocarbons, SiFs, SiCls, NF3, SFe, or organic
halides), halogens (e.g., fluorine, chlorine, bromine, iodine), metals (e.g., Li, Na, K,
Mg, Ca, Ba, Ti, Zr, Cr, Mo, Mn, Fe, Ni, Cu, Zn or Hg), oxygen, water, refractory

compounds (e.g., siloxanes, boron or phosphorus compounds), and combinations
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car bon di oxi de, carbon nonoxi de, nitrogen-containing
conpounds (e.g., NO NO2, N20, NH3, organic am nes,
or NX3; wherein Xis a hal ogen atom), sulfur-containing
conmpounds (e.g., SO, S03, H2S, organic thiols or

t hi oet hers), hydride conmpounds 20 (e.g., B143, Al H3,
Si H4, GeH4, NH3, PH3, or AgH3), hydrogen, halide
compounds (e.g., HF, HC, 11Br, fluorocarbons,

chl orocarbons, SiF4, SiCd4, NF3, SF6, or organic
higkdofl e kfra@t@b%%?ﬁurﬁ@s Heompbhidhdt REs th&MHiRY td\EfeclthOM Ne,
iodine), netals (e.g., Li, Na, K M, Ca, Ba, Ti, Zr,
Géfractidh or MFradtiBn ofMight, Cu, Zn or Hg), oxygen, water,
refractory conpounds (e.g., siloxanes, boron or

Phos pO&iasin&R RISt e} HARTak ﬂﬁtuﬁﬂg,sout At 1intitB@feQt -

A refractory conpound is a conpound that has the

aktbrdtioh ¥mb M S b @8dntdiide patteffl LRGhELE OR) scgiacfnfog@?%i rR of
light, Contam nants nay be identified by methods

iaRgtiéall phghosddUhe BéHanihdhts!rRf te Purtheicontb@Bd inRk deiies MBS
fragnentation pattern, and infrared (I R) spectroscopy.

@¢anbusaigal dgiorsirth tibe] RASESD, orldiRr HEMbEWRINRIMG teRYseRilled
further concentrated in the effluent streamusing a

deme bt CofRedttalien infPbvds the agtectioh LiRINETthdMEtAETndBldvidsaown
to those skilled in the art. Concentration inproves

tnkeghod Eér@epatAing Uiséinllsr coftashidentsret hod and provides a
nmet hod for separating dissimlar contam nants. Using

t he datiag Gbtah BReinetiduring the BalRBaIL Y phidic04r parif@fahd Gl ar
purifier and the 10 process conditions under which it

Wasedd 36litionH inleNM AN wabeydl, itBenAAbO SRISHhEBYcdaEemay be
extrapol at ed. For exanple, nmathematical algorithnms nay

etrappREd! DorfeRhiaple, nidiiematies sle@ith9Omby Feusadd rélgeper at ur e
of a particular contam nant as a function of its

kienyion dme &t eMPerpuRRE b birdsulartchieieiaynt axi fuphat itng

i nformati on about the manner of its adsorption, e.qg.,
tkinoen @isorptidn fropities Q@ el GRtrapbhitisg infohastatabai theatanhe of
used to

its adsorption, e.g., time or purifier coverage. This information can be used to

improve process control.

Contaminants and their concentrations can be plotted as a function of their
desorption temperature and time. This provides information about the process of
contamination. The first contaminants desorbed are either the last adsorbed or those
least tightly bound by the adsorbent. This information can be useful for process
control as it may be related to a specific time in the process, e.g., changing of the
source gas or liquid; a tool malfunction or service, e.g., temporal material replacement

or service; a process step, e.g., substrate change in a molecular beam epitaxy (MBE)

or photolithography tool; or a conflicting process step in the facility.
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15 inprove process control. Contam nants and their
concentrations can be plotted as a function of their
desorption tenperature and tinme. This provides

i nformati on about the process of contam nation. The
first contam nants desorbed are either the | ast
adsorbed or those |least tightly bound by the
adsorbent. This information can be useful for process
20 control as it may be related to a specific tine in
the prcRfvbtafed can Beh8didb tEnE tHeRBurc SFURLRnERAM R, be it
liquid; a tool malfunction or service, e.g., tenporal
ek Ghalitye BYsREEHRBity, Biterf® bt BingSorPFREGPoREEP,

e.g., substrate change in a nol ecul ar beam epitaxy
bMBRdownO Thid RFéHatibh @€ ba R td QinizeQhe Bafu@fukih€ blobds.
process step in the facility. - 13 The data obtained
s, B8 ptis@d infvéhtiofl & fattioklafP Qi OW e Alandlgs HRPE JFemant ,
be it input gas quality, systemintegrity, material
Qdet BRDEIUNE, eQf, shQRESEDIP eI serbitGriketeVWaterd Bd Slim

i nformati on can be used to optim ze the manufacturing
PEAEES SnwantéiURpinghe present invention is particularly
suited to process analysis after a system5 upset has
OCCUur TithppatQs for Y aRbIFRBL0f CaRdMifantbefe@Bbed ffofh a purifier may
sem conductor wafers as film hazing or unwanted
d6ipprivg anyléte, nappal cdlbhtdy AR defich@in@oihy détectioh levelR teaiitddand S
desorbed froma purifier may conprise any of a nunber
alfe BRLYZEhBMGRAS B4 gn B plulifer GetcemblyQa ah@ihe bfocess in
required and the suspected contanm nants based on the
Eibidhfif i€ tsell.0SInR afBRlayiedodpiiset HEonpEcDe &Gth alvalvd Or svldrch it
is used. Such an apparatus conprises a connector with
aomadilego attach tHe@urifiganthe dblirwhile liafiting@RcHahge Hatweki ther t o
the device while |limting exchange between the
purififriagd thamgpaiahe; Alpper aidulssrmestd &ataladngiht katpensiadf
for regulating the tenperature of the purifier

nisdt perified matadial) a gassouirce enddabniecto Witk 6 tatiroliertt atéach the gas
controller to attach the gas

source to the apparatus while limiting exchange between the gas source and the

apparatus; and an analytical instrument to detect the desorbed contaminants.

The apparatus preferably contains a quantitative analytical instrument to
determine the quantity of the contaminants released. An example of a preferred
instrument is a GC/APIMS (atmospheric pressure ionization mass spectrometer)
which can separate contaminants according to their boiling points, identify them
according to their masses and fragmentation patterns and quantify them by their peak
intensities. Currently available GC/APIMS instruments are capable of reaching
detection limits of 20 ppt. Less complex analytical tools may also be used to

determine total organic content (TOC), total sulfur content (TSC), moisture detectors,
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source to the apparatus while Iimting exchange

bet ween the gas source and the 15 apparatus; and an
anal ytical instrument to detect the desorbed

contam nants. The apparatus preferably contains a
quantitative analytical instrunent to determne.the
quantity of the contam nanjs rel eased. An exanple of a
preferred instrument is a GC/ APl M5 (atnospheric
pressure ionization nass spectronmeter) which can

SRR AR S@Eﬁ‘%‘?ﬁ}@ ?ﬂm‘g%mel%ﬁﬁ’ bAhOG dcford lgﬁ}uﬁxeptodr st @nents

points, | according to thelr masses and

fig %&E@éhbf&@._ Rk L8k §nsaaMo€tH@%ritﬁo\ée %l{ﬂ;ﬁm&p%z%?e' r

peals intensities. rrently availa (VS
instr i ' 0 m 1S
0 B SRR o RStk i

ur co noi sture detectors,

!c@tg Bé‘ﬁs@gf& @ﬁ&&r{agﬁgt %f@vareﬁﬁﬁucﬁﬁé a@éb?iitlﬁ’rﬁ fof efﬁrgﬁlaﬁﬁé ﬁ%&és@ﬂ

instrument or instruments is a matter of choice. Suc
S8R bR FEm MeiesdRttioh Bfta bRy bd NESH 28k Ze! Redufts bftfe ar t .
The apparatus nmay contain mass flow controllers and
VRloffn, desorption tubes and/or cold traps for

col l'ecting contam nants, and a conputer or other

| 0gi c @] thé feterrbd\@bodimeaPRoR@inUSE !, f Aim6kR bRthayd b Sdnsnts
Sof tware including algorithns for extrapolating
RIEOGES B thd Un@y §1BSA aQfurifiérO Thé MBoPESWaR bir CtefAh SappBub e
used to analyze the results of the desorption. In the

RAERHEI fr@sure bt MEMd iSHeWRd tok Fbhydkecambol beHRAinis by
t hese conponents are used in the analysis of a

[uFifiér 42 'Whilkhigs feBRAtRhIsRP isdPBonaBitlis deSiFdbRIS udehi@lesorption
apparatus 10 through pressure regulator 2 and is

s offtheltlghiedt pSssiblPpirity) pebame andrgRuetidh@fidaas &n Merfere
purifier 4. Wiile this purification step is optional,
I With the fh@Bkik adal [Bnit detddBen. &\ KIRSAIZRE dtaMBard gatsrs Ee apfteatus

hi ghest possible purity, because background
abrotighfrebaire RBulaians.i THe@wd gds8treams are combined in double dilution

;éﬁi@/fgr dofi tragggoﬁ twn(eg_@ é)tcgﬁt%i_n%g CI epcoﬁ@%@&toﬂ{e_?@ggmgsnog e

manifold 12, comprising MFC2 8, MFC1 14, valve 16, pressure gauge 18§, back
pressure regulator 20, MFC3 22, valve 24, and MFC4 26. The double dilution
manifold is optional, but often is required by limitations in available gas standards and
mass flow controller operating parameters. The gas is then sent through valve 30,
while bypass loop 32 containing test purifier 34 is isolated by closing valves 28 and
36. The gas enters collection device 38 through valve 46, which is preferably a cold
trap but may also be a TDT or similar device, and is vented through rotameter 50.
Pressure gauge 52 and back pressure regulator 54 allow for venting of excess gas not
going through the cold trap during sample collection. After a certain collection

period, gas is released from collection device 38 and flows through valves 40 and 42
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with the analysis and limt detection. A known gas
standard enters the apparatus through pressure

regul ator 6. The two gas streans are conbined in
double dilution 15 manifold 12, conprising MFC2 8,
MFC1 14, valve 16, pressure gauge 18, back pressure
regul ator 20, MFC3 22, valme 24, and MFCA 26. The
double dilution manifold is optional, but often is
required by Iimtations in avail able gas standards and

PRt hRW aﬁe@ﬁfcﬁl@e{/l@é 449 Qﬁlfcﬁtxé ﬂ?&e@ﬁ& Q@?&Icﬁfo?nato-épa%h %@d i's

then sent through val ve 30, | & bypass | cop 3
%ﬂ%@hﬁbfé%eﬁe&éﬁ Quﬁﬁ fo?ﬁyd%aﬂb%né ’f”*ﬂ*lﬂo?ﬁm&!m@é lelg!'Q%r
val ves 28 and . The gas enfers collection device

%&Kgﬂkgy&nmy@&ﬁﬁhﬂﬁﬁsmhlCh is preferably a cold trap
but may al so be a TDT or simlar device, and is vented

thr oumerrcmbw%a sfthé%alynaﬂ%ﬁw RhBAUIB: DlecBy BRG Bf the
pressure regul ator 54 I'Tow for venting of excess gas

ARthod B lmemﬁ@lag&r td%@l tss@whd&lbaaovgws bR AnSRIIA Epened,
collection. After a certain collection perlo gaSIS

KakEaEE eloﬁadoaﬁu@éa{ ;&@%ﬂ N5 S§¥Ea8 BB da0mbtibh S5 Ak brugh
val ves 40 and 4 to quantitative analytica

devsiptien Ady bé"d&b&ﬂalisﬁedﬂﬁ ghenRbbywas Jasis ﬁxlafeg%&@wd@mt

fitted wth a suitable detector, e.g.,

e sQsodeRRN Qeso i) whetein 33Q¢ BARH 65 heaBlig MBndPES to a desired
at nospheric or any contam nants. After calibration of

idhbeaRad Mivhichlall @EMEREare WlIe6Rd.I AndliRh e@bIUREES BAKYhSt €P
of the 5 nethod but is preferable under ideal test

{smeutaslo@nﬁ} 16 M6§SranBe i ehmaBdeRbiBti P HRG 6N theMethpefatdd of S
sed, and test purifier 34 is exposed to the

de s0hqds@byd8Ss.g. Aedly2 bfdnenBiBIHg bidid pOwisd]BYer Bighe and
acconpl i shed in a nunber of ways. This preferred

Qrrheastt éREEnts ffaBN@E SreicsMcha bildfed@ SidieP Inl B desPRIirdtestd
is heated by heating elenent 48 to a desired

tAeBmer atbdtighentthabdgGitesahddifRbfidnUtE HeSpat usCAIFI@atieeblves
Anot her enbodi ment using the 10 apparatus of FIG |

eHERlsOyRanaBEpate piaes BRist id ekt of Yheheiaits! Dae slight
tenperature of
modification comprised by this embodiment is the substitution of hydrogen for air as
the desorption gas. The effluent of 34 flows through 36 and 46 and enters 38, which
is preferably a cold trap but may also be a TDT or similar device. After a certain
collection period, gas is released from 38 and flows through 40 and 42 to 44, which is
preferably a gas chromatograph fitted with a suitable detector, e.g., FID for
hydrocarbons, PFPD for inorganics, or MS for atmospheric or any contaminants.
FIGs. 2-4 show data obtained using the apparatus of FIG. 1. FIG. 2 is a gas
chromatograph of a 10 ppm six-component (benzene, toluene, ethyl benzene, ortho-,

meta-, and para-xylene) diluted to 1 ppt and analyzed by the cold trap/GC/FID

method. FIG. 3 plots 1 ppb six-component hydrocarbon gas standard desorbed from
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34 is increased by 48, e.g., linearly, exponentially,

or step-wise, over tinme and different effluents
fractions are collected at different times in the
desorption process. Another enbodi nent that requires

nodi fication of the apparatus of FIG 1 involves the

use of an alternative gas to assist in the desorption

of contam nants, One slight 15 nodification conprised

by this enbodinent is the substitution of hydrogen for
air as the desorption gas. -The effluent of 34 flows
through 36 and 46 and enters 38, which is preferably

a cold trap but nay also be, a TDT or simlar device.

A test purifier dfer B 25a0ihltequiificatipe cyael dugag whish aé hgdroearbons
from38 and flows through 40 and 42 to 44, which is

Wetd vty ta< dampt otitted patitp garaieh5 Minute desdrptionacyslei withtaieat 300
detector, e.g., FID for 20 hydrocarbons, PFPD for
PQOFIgaRIi€S plovbf tvBl intet eaposnepdidhe esbpuriiey todbesame sinat s.

FI Gs. 2-4 show data obtained using the apparatus of
kbfapordent R @ocarbbs mixtgrasand die ot degprbghcarftarainadts gffar a 5

si x- conponent (benzene, toluene, ethyl benzene,

@bt exposted - desarbihgogasaat 300 éae)rade baisgte 100 ppigpdrepagbon
anal yzed by the cold trap/GCFID nethod. FIG 3 plots
ipke difecty samplad by tHeyahiditap/ GEFDasetsedwbien thedesi puplier is
from-16- the test purifier after a 25 mnute

mypadsied aTrace 62 yecthe saie mixigrendesotbed|fionhipne test aptiiai ang analyzed
were renoved to < 1 ppt outlet purity, and a 5 mnute
dg3s pold trap/SAFID miethodaThe tast BEiler ron-deis@Ictivelysiegors @l of the
of total inlet exposure of the test purifier to the
serEnshants cdgipaiyeanoveddrane theliost pidoese pas alrrant.Helopgaral
desorbed contam nants after a 5 mnute exposure to
drsompkibmtimgas higheB@0pEratife axeee 68kd, quaniigative gepqyption could be
hydrocarbon m xture directly sanpled by the cold .
tafeple@Ot BarDbers¢drofiorattencantienation of pl@si. Ridethat hydiqgarbon analysis
bypassed. Trace 62 is the sane m xture described from
tdveotdemtto phe inbthed ofithe esEny inwentiopys eardly @e¢ainplished with very low
trapl GO FI D nmethod. The test purifier .
nizteddies limits ang,lyyexttesdating, extrenasly touecontaminant detection in a

process gas or liquid stream, either chronic or impulsive. The differentiation between
chronic and impulsive contamination requires knowledge of the particular process
and, sometimes, a history of the particular fluid delivery system. However, even
without this information the method provides contaminant information that would
otherwise be inaccessible using prior art methods.

While this invention has been particularly shown and described with reference
to preferred embodiments thereof, it will be understood by those skilled in the art that
various changes in form and details can be made therein without departing from the

spirit and scope of the invention as defined by the appended claims.
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contam nants originally renoved fromthe test process
gas stream |If longer desorption time or higher
tenperature were used, quantitative desorption could
be effected. It can be seen fromthe conbinati on of
FI Gs. 2-4 that hydrocarbon analysis 15 according to
the nmethod of the present invention is easily
acconplished with very low detection |imts and, by
extrapol ati on, extrenely |owjgontam nant detection in
a process gas or liquid stream either chronic or

i mpul sive. The differentiation between chronic and
Wé&PBMIng ve contam nation requires know edge of the
particul ar process and, sonetinmes, a history of the
particular fluid delivery system However, even 20

Wi thout this information the nmethod provides

cont qm NAtheth8d fIr ERbIyARg thbmiiAk @lonc@hngﬁdwss@a Bfocess fluid
i naccessi ble using prior art nethods. Wiile this

i nvent i oBtrés, RARMskar ticul arly shown and descrlbed
wth reference to preferred enbodi nents thereof, it

wll be U%ﬁeﬁﬁs%Qh@)énﬁrJ@%&e‘ég'flhlh%‘flre‘ar'ﬂ tﬁﬂb@gﬁ%\tpuhf‘éimaterlal to

vari ous changes in formand details can be nmde

therein w t hpdfet@RBHM d3btaniifants Bto tﬁéﬁﬁﬂmerr hiatHagl
scope of the invention as defined by the appended

clai ms. VW) Cisglatihg helpurifferRABRA ffoPs thRNRbA&S Mbid stream:
cont am nant concentrations in a process fluid stream

conpri si ngy) @ésoP&ﬁélH&dnfh@mﬁéﬂté Fr%nﬁh@%@ﬁf%rfnhé{ér%l Srigeam
through a purifier material to thereby adsorb

cont am nanf) SigeRffging ke QHidrhinghts MRESHEA Fromthe baMerthdi&rial and
t he purlfler materral fromthe process fluid stream

10 c) desor by&grmhiRgdNESHERRtoh thereBr, WherdiheldoREentration is
material; and d) idéntifying the contam nants desorbed

fromthe puridricstedts Blicdhtadithnt ‘éstt\c?é'n%f’érﬂia thdEntire volume of
concentration thereof, wherein the concentration is
the process fluid stream.

2. The method of claim 1 wherein the purifier material non-destructively
removes the contaminants.

3.  The method of claim 1 wherein the purifier material destructively removes
the contaminants, but the original contaminant species is discernible by
desorption.

4.  The method of claim 1 wherein the contaminants removed from the fluid
process stream are selected from the group consisting of organic
compounds, carbon dioxide, carbon monoxide, nitrogen-containing
compounds, sulfur-containing compounds, hydride compounds, hydrogen,

halide compounds, halogens, metals, oxygen, water, refractory

compounds, and combinations thereof.
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correlated to the contam nant concentration in the
entire volune of the process fluid stream 15 2. The
net hod of claim 1l wherein the purifier materi al
non-destructively renoves the contam nants. 3. The

met hod of claim1 wherein the purifier materi al
destructively renbves the contam nants, but the

ori ginal contam nant species is discernible by
desorption. 20 4. The nmethodigf claim 1l wherein the
contam nants renoved fromthe fluid process stream
are selected fromthe group consisting of organic
compounds, carbon di oxi de, carbon nonoxi de,
nitrogen-contai ning conpounds, sulfur-containing
conmpounds, hydri de conpounds, hydrogen, halide
conp@ind¥he hedttagiesfsiaimet e ein by geanicwampobundsedangmriser®;-Cyg
25 conpounds, and conbi nati ons thereof. -18- 5. The

met hod ofydrbéarbors. wher ei n t he organi c conpounds
conprise C1-C20 5 hydrocarbons. 6. The nethod of

cl ai B, 4 The heitiiod dfetdin dnoigesinclod hikbgemgortainipg Wwotpounds
conprise NO, N2, N20, NH3, organic am nes, or NX3
wher ei n Yomprise NOANQgaNL,CRINHY) ordani€laenimesl boXoiherkimi Xrisda
wherei n the sul fur-containing conpounds conprise 10
S22, SOBhalbgé&n atergani ¢ thiols or thioethers. 8. The

net hod of claim4 wherein the hydride conpounds

conpr7i. se Thélthethdd ofldBim 3l wiereiteh¥ sulfdri@ontBirthg campdeihids comprise

S0,, SO;, H,S, organic thiols-or thioethers.

8. The method of claim 4 wherein the hydride compounds comprise BH3,
A1Hs;, SiH4, GeHy, NH3, PH3, or AsHs.

9.  The method of claim 4 wherein the halide compounds comprise HF, HCI,
HBr, fluorocarbons, chlorocarbons, SiF,, SiCls, NP3, SFg, or organic
halides.

10. The method of claim 4 wherein the metals comprise Li, Na, K, Mg, Ca, Ba,
Ti, Zr, Cr, Mo, Mn, Fe, Ni, Cu, Zn or Hg.

11. The method of claim 4 wherein the refractory compounds comprise
siloxanes, boron or phosphorus compounds.

12. The method of claim 1 wherein desorption of the contaminants comprises
thermal desorption, use of an alternative gas, or combinations thereof.

13. The method of cIaim 12 using isothermal desorption.

14. The method of claim 12 wherein the temperature of the thermal
desorption is linearly increased.

15. The method of claim 12 wherein the temperature of the thermal

desorption is increased in stages to a number of isothermal points.
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9. The nethod of claim4 wherein the halide conpounds
conprise HF, HO, HBr, fluorocarbons, chlorocarbons,
SiF4, SiCl4, NP3, SF6, or organic 15 halides. 10. The

nmet hod of claim4 wherein the nmetals conprise Li, Na,

K, M, Ca, Ba, Ti, Zr, C, M, M, Fe, N, Cu, Zn or

Hg. 11. The nethod of claim4 wherein the refractory
conmpounds conpri se siloxanes, boron or phosphorus
conmpounds. 20 12. The nethodq9f claim 1l wherein
desorption of the contam nants conprises thernal
desorption, use of an alternative gas, or conbi nations
thereof. 13. The method of claim 12 using i sothernal
desorigt i The mkdhodldfelairatiRathepdin theaalterdRivelyas ¢ chentieally inert to
tenperature of the thermal desorption is linearly

i ncr easethe édmtabhinarfltempetihdstaraf/orgugificatibd mdteriai n t he
tenperature of the thermal desorption is increased in

st ageg. t Tha metimdaest cdimiiotteesindthe plarmdtive gad 9 chimicallyexidizing
met hod of claim 12 wherein the alternative gas is

chem cal kytherentantitant bempouridaranazon purditoation naseraand/ or
purification material. 5 17. The nethod of claim 12

wher eign The nadthar sfatdimel 20dsersin tiohaltaraative\gaexs chemically reducing
to the contam nant conpounds and/or purification

mat er i al to th8.comtaenimarit Botpodnds| anidror parifidatioe matd izt
alternative gas is chemcally reducing to the

cont a9 Nghe nestimgbofiotismalrkddteereip diie &ltecadtiveryastd kydraden.
19. The nmethod of claim 12 wherein the alternative gas

i's hydr ogas metifod26F.claimel 2natigreidl ceftainlcantaniizanid aresiirst removed
certain contam nants are first renoved
from the purification material by thermal desorption and other
contaminants are second removed from the purification material by the
chemical or physical action of an alternative gas.
21. The method of claim 1 wherein detecting the contaminants comprises
GC/FID, GC/MS, or GC/APIMS.
22. A method for determining the historic contaminant concentration in a
process fluid stream comprising:
a) passing the entire process stream through a purifier to remove
contaminants from the process fluid stream, the purifier comprising
a non-destructive purifier material, the purifier capable of removing
contaminants from the process gas or liquid from an original
contaminant concentration to a final contaminant concentration;
b) isolating the purifier material from the process fluid stream,
c) removing contaminants from the purifier in a non-destructive

manner; and
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fromthe purification material by thermal desorption
and other contam nants are second renoved fromthe
purification material by the chem cal or physical
action of an alternative gas. 21. The nethod of claim
1 wherein detecting the contam nants conprises 15
GC/ FID, GO M, or GCJAPIMS. 22. A nethod for
determining the historic contam nant concentration in
a process fluid stream conprggsi ng: a) passing the
entire process streamthrough a purifier to renove
contam nants fromthe process fluid stream the

purifier conprising 20 a non-destructive purifier

mat eri al , dy henapuingfdaresfiloapabs eraaucedimmviiragoving contaminants
contam nants fromthe process gas or liquid from an

ori gi nal cdndmithenanifiectortbereby defeanine theahisiorialcontaminant
contami nant concentration; b) isolating the purifier
mat eri al fr osoncbetrgiioadreth® drocasd flaidrst@am. c) renovi ng
contam nants fromthe purifier in a non-destructive

25 maBneThe arthodldataird P2aviarsia ithegordyinat thtamirtangesncentration is
produced fromrenovi ng contam nants fromthe purifier

t 0 t her ebyoudeD@pbj prefdriisy Bbsutdrppb, mord pratanalsiy ab&ut 1 ppb.
concentration in the process fluid stream 23. The

nmet hod of claim 22 wherein the original contam nant
concentration is about 10 ppb, preferably about 5

ppb, nore preferably about 1 ppb. 10 15
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20 25 -20- 24. The nmethod of claim 22 wherein the
original contam nant concentration is |ess than about
1 ppb, preferably | ess than about 0.1 ppb, nore
preferably 5 less than about 0.01 ppb. 25. The net hod
of claim 22 wherein the contam nants are renoved from
the purification materials by thermal desorption. 26.
The nmethod of claim 25 wherein the thermal desorption
is isothermal desorption. 10 27. The nethod of claim
25 wherein the tenperature of the thermal desorption
is linearly increased. 28. The-nethod of claim25
wherein the tenperature of the thermal desorption is
I ncr @dseldhe mesticage <ldina 22 whendia theobrigired ttretamirianp oondestration is
29. The nethod of claim 22 wherein the renoving step
further wssphdnsaout hepb,Ibefesablyoiesathahabbatad.1 ppb, more preferably
physi cal action of an alternative gas. 30. The nethod
of cl ai meaS thdmeabeiuhO.Ohepbl t ernati ve gas is chemcally
inert to the contam nant conpounds and/or
pur i f25c aThe metieddesficiim 22wheféia tmetdntamiobints laae ren2@ved from the
wherein the alternative gas is chem cally oxidizing
to the couotifatioramateriatsgotheisnzaddéaptiqour i fi cati on
material. 20 32. The nmethod of claim29 wherein the
al t er28at iTve ngsisod of otdirardsoetidryin tiediherna desarptibreis isothermal
cont am nant conpounds and/or purification material.
33. The nesdrptibrof cl ai m 32 wherein the alternative gas
i s hydrogen.

27. The method of claim 25 wherein the temperature of the thermal

desorption is linearly increased.

28. The method of claim 25 wherein the temperature of the thermal
desorption is increased in stages to a number of isothermal points.

29. The method of claim 22 wherein the removing step further comprises the
use of a chemical or physical action of an alternative gas.

30. The method of claim 29 wherein the alternative gas is chemically inert to
the contaminant compounds and/or purification material.

31. The method of claim 29 wherein the alternative gas is chemically oxidizing
to the contaminant compounds and/or purification material.

32. The method of claim 29 wherein the alternative gas is chemically reducing
to the contaminant compounds and/or purification material.

33. The method of claim 32 wherein the alternative gas is hydrogen.

34. The method of claim 22 wherein certain contaminants are first removed
from the purification material by thermal desorption and other
contaminants are second removed from the purification material by the

chemical or physical action of an alternative gas.
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34. The nethod of claim 22 wherein certain

contam nants are first renoved fromthe purification
mat eri al by thermal desorption and other 25

contam nants are second renoved fromthe purification
material by the chem cal or physical action of an
alternative gas. -21- 35. The nethod of claim22
wherein the anal ysis conprises GC/FID, GOMs, 5 or
GC/ API M5. 36. The nethod of claim 22 wherein the
removi ng step includes regenerating the purifier
material for reuse in anothesq process fluid stream

37. The nethod of claim 22 wherein a ratio of the
original contam nant concentration to the final
contam nant concentration is at |east 1000. 10 38. The
nmet hgf. oThe nethod22 clsine L2 iwhetdire theraaBss domprides GCGERID, GT/MS,
at | east one of a chemical, nedial, pharmaceutical,
and manudaGCIARING. process fluid stream

36. The method of claim 22 wherein the removing step includes regenerating
the purifier material for reuse in another process fluid stream.

37. The method of claim 22 wherein a ratio of the original' contaminant
concentration to the final contaminant concentration is at least 1000.

38. The method of claim 22 wherein the process fluid stream is at least one of
a chemical, medial, pharmaceutical, and manufacturing process fluid

stream.



