THE CONCENTRATI ON OF | MPURI TI ES I N HELI UM BY | ON MOBI LI TY SPECTROVETRY" Th

present i {np@lgsedagr €l ates to a nethod for neasuring the core@Rhigloopn of S
inmpurities in heliumby means of ion nobility spectronetry. Heliumis

wi dely used as reaction nediumor as transport gas in ' ed
circuits industry. As known, in the prodllcti on of the#mlmmmmmﬂﬁm“lﬁlﬂ;e purity
of all the reagents used is fundanmentally inportant; as a nmatter of fact,
cont ami nants possibly present in the reagents or in the r&8%% on.

envi ronment cah METHODROR MEASURING THECONGENBRATEON ©OF IMBURITIES
altering the el ectrica}IN:Jro erti1es thereof and %Ig‘\é_!n rise to production
wast es. The speci fi cat NhHELHAMBY IGN MOBIELITY SREG &(g\’lEWBJYoyed in
production can vary from one manufacturer to another, and depending on the
particul ar process enployed. Generally, a gas is considered to be

‘accept abl e for thFhgpedent inventioelatdstts aenethedfor ineasutingrthd tarentrationoer t han
10 15 ppb (parts per . bjllion); preferably, the content in inpurities is

| ower thar 1 ’ﬁ?iﬂ‘rﬂﬁé “hi‘?llé%@{ne SQ@WWB%#%?R“?@“E@-%I e to nmeasure
extrenmely | ow conggpihalsi i rhddes ot he \ i and
reproduci bl e way. A tegﬁnﬁ%}a}pﬁlﬁéﬁgghédggﬁu%%%o?p?ﬁﬁganﬁrgég‘éqﬁs&?on

mobi | i ty specintegrated \irckitoimdustry. t Ae khowh,dinnthie hprothectiah bofetheset devicdsMBe t he

sane abbreviation i ed also 20 for.the instrument with which e
techni que i s B4 %ﬁalgg%e, T gﬁﬁ?scﬁﬁeflﬂﬁ W&Wﬁ@@a’?@oﬁaﬁ% aﬁ/tﬁ‘bi'“ﬁﬁry"ft Pact, _
Spect  omet er * conthifinafs HosiblyfBésehtthé SBAGUE iflBic| KRSioh AMrbietelals N O

sensibility, associate i cost of«the-instrunent; by
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K

imted siz€ an
oper at i ngldi n b preopparateé in dhedsalidostate i devices, ths alkdringt the stackrical peapiertiesi n t he

gas or vapor phase iR a.gas iumin quantities of.the order of.th

pi cogr ans (pg{,?leﬁ? : 9 IVing fige Prafrp‘éﬁk%“qw ©5; #Eéﬂ%"é‘?‘.@a?ﬁ %gheo?uxftﬁéﬁor der
of parts per {heidabdsQiplOdd in Pduv@dLEnSya-P from BHeahatBachirePdHBERE DSt ance
every 1012 gas nol ecul'es of the sanple). 1M instrunments and net hods of

anal ysi s i n wieReRdingcan the marieyian peasesy emplevest: iGragrallyon gasisngsimsidered toat ent s

USA 5, 457, 316 5 j US cq ny..PCPR | 0 | VB

i nstrument i sb{gggcggﬁ%afﬁ T@%%#%%%%P n‘gﬁ%elgsftf?"i?{&ﬂgﬁ@;) M%&geplﬁﬁ‘g?ri %’ﬁn ﬁ@ ne and
a col | ector opple (@argedr pillibn)¢ besgerably, 1O BRSO uritiedSNoveD HaB00PEb.I N t he
reaction zone takes place the ionjzation of the sanple conprising the gases

or vapors to D adasHlt itag mnporant fobe Ale to gieasure extpeIREly 103 captentatigns of
bet ar adi at i Onﬁe@mﬁeﬁﬁgﬁﬁa&%m” SRk dy %é%@%fs place mainly on the

transport gas mation of the so-ca eagent ions", whose
charge is then 5 Aitsthriduetthat can behmsep festhistpuspse ieonanokilifyuspetirametof, t hei r

electronic or,proton_ affinitie r. of. thelLr_ionization potentials.. The
reaction zone? %WIHWp&éjﬁﬁcpmtﬁ%gqbrﬁ‘fm%b@ﬂ%htgﬁﬁmﬁ? agbrg{r)ipgoq }'T‘d’ts,ea\ﬂ/ﬁ@n kept
at a sui tabl efPahe MshrmentwaN Which thBee e Y QRHEEGut, hdiddfing SR A4 Q4keZONE

fromentering into the separation zone. e nonent en the grid potenti al
i s annul | ed, “4loo MobidityaSpasivomgtetr’'h dhi dnterestofor titietechniqee ddrives fonr #s very zone,

is the "time zero" of.the analysis., The. separati,on zone. conprises a series
of electr odesﬁj\_ﬁhi %ei‘i‘?‘%’?lét&’t gssgﬂa%ae‘&ﬂf‘ilbmﬁ Fg° sad‘tghccfsﬁé)? tlhﬁelrﬁpme’_ir Ycarri ed
from the reacopastind i apRURiAé condifdrseit i bossitle tdisénsé @peoiesMil & das deept at
at nospheric pressure, a gas flow having opposite 15 direction with respect

to that of th¥ancsphaseoinenasmedium in quaitierpfibe wrdertofdhe picograms (pg, that
25 is 10™ grams), or in concentrations of the order of parts per trillion (ppt,

Cd

equivalents to a molecule of analyzed substance every 10'? gas molecules of the
sample). IMS instruments and methods of analysis in which they are employed
are described, for example, in patents USA 5,457,316 and 5,955,886 in the name
of US company PCP Inc.

30 An IMS instrument is essentially formed of a reaction zone, a separation
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zone and a collector of charged particles.



the time of B

counterflow gas (defined in the field as "drift gas") is an extrenely pure
gas, corresponding to the gas whose content of inpurities has to be

det er m newo oke40ge! ocity of notion of the ions depends on pdiaTel/&febd | C
field and on the cross section of the same ions in the gaseous nedium so
that different ions take 20 different tines for crossing the separation
zone and reaching the particles col l ectof~ The tine passed fromthe tine
zero to the tine of arrival on the particles collector is called "tinme of
flight". The collector is connected to the signal processing system which

transforns the cubrtheteactibnesnesakbsasiacehe idningibh @ﬂﬂ@fsaﬁip[@cdngprlsmg ffenal
graph wherein geaks corresggndi ng to the various ions aS a 25 function of

BH9GHOT PROTS i B 208y 45 Intfetranspert gah Aonurendy bytneansiafehetsenowi ng
L1 oo ConShdans i 59996015 8y RLRP hIE TSI R hodl, oo

subst ances whi ch are object’ of 't he anarysis,

Wi th sui t abl egasesypwitatfommtiah goff thehswcalledi Srepgems iibhs®, twhoséll dhadgat & Hiea

concentration o{r. t %1 cor espondi ng species, 3 0 In spite of its conceptual
sinplicity, ts abs% RTSSPNL: $hEcied @53 dirction\of| thels lemieanire pamreton

difficulties affiniths ok B BeRiGliAkibARoRbhtijge anal ysis results. This WO
02/ 054058 -3 PCT/ 1 T02/ 0000411 I's gugo%ﬂlél?'l y to the fact that the net charge

di stribution anonghe keactier zangsis plividethfrom tiptof eeparaionhty # @sidlthatpfwhen

equi libria whjch epenﬁgon vati.ous factors, with the result that the peaks
cor r espondi ngk?pé agﬁéuﬁt %P?tf’slnaéa?f%@%n%ﬁi 1PP%EF°&‘1‘F°F1HP dhrsreagtionyzong, feom

di sappear, deggaghgiitdhe kéRirdtot YBAE ThRImGhAR wHeA Y diid i il on
Mobility s Spectrogyn]%jtry" %ﬁIG A E cenl%n an(§)V Z. Ka%rpdalg(,ﬁelgﬁgrsi%%ggec}’n 1994
by CRC Prléss, thuaallewingehe iqns do entef into the sephuation atriepis the “titve Zeralt bitthe

conpl ex) chargfal & nsfer principles which are the base of the technique.
Further, wth equall chem cal conposition of the gas, the result depends on

the anal ysis par amhs @Fsﬁatismmeeban{pﬂ@esed Qfek bf elbdtRIdes ARRIBEhtd &h ElRGric
separation zo the flow rate of the gas which has to to be analyzed and

e, . ! .
the flow rat eiq@fi suplp that theriopgare camied feqim dhejtreslion Tmettpwards pistoetendn t he

shape of the I r analyvsis is strongly dependent on
t he anal ysi s %ﬁgﬁe‘t Sﬁg#ﬁ ﬁgegéo%@gﬁﬂgﬁcaﬂﬁ%ﬁet ﬁn%asuﬂg‘a%%ﬁg ﬂPﬁ?stheti ng
the anal yisi s diesctibh switht eespectad that dfhihe dend MOVEMEMOS Réscht) CCARABAKL Bedr aph
and on the rel ativg?rreasure of the areas of 15 all_ the present péaks. The

best results SAHEeEHOW; g8 ddefingddn thadield pasdrift gasni is ampestramelyipues gas,se to a
separ at e peakedqe ]g%ﬁpgg LS ] il |, t h wth
greater diffi %ul tS %éel?,l enegggrrg’ hg%% %ﬁ%@edféﬁ;’gﬂlér?plgagé ;b%i drale’t?rﬁ%%erea? ttg‘g es it
is necessary valocitysof motion hof ih¢ emedepefidy epalid bletipio fdld tahd qretle go&aS anong
the different Sﬁeci@sth?w'th the.risk anyway of introducing errors in the

anal ysi s. 20 ¥R FBME NRNS, ARy |10 j8asonp Jaedive, & 4hat: difieteat dons) taks

| MpOSSi bl2e Whdiffeleat GBS cARGRE theNsephalidh SfonBe SgRNgL 0
di fferent species are present. ecausepof lpﬁe (I:lorr%iﬂ:%{atg{/lﬁi fﬁ{ahgh‘gl%g%orrena

into play, theallscios The timepassaddfrom thedime gerodp thejtimeof areivaivg the pamiclpse, and

each anal ysi s a. b i ed r.at [ rder to define_ the

condi ti ons. s IRSeck |1%v$_%%1§& B %*s‘il?%éod‘f% colissora gonngeied 1 R eSigmlks
cor r espondi ngprocessing sybteing widh GRBENESE HBiciRe@aalRE BhRICAR! a KithctiB Fas
under analysis. ' ject of the present invention is to provide a nethod

.
for measuri ngtPRdndBadEal Ephowhaein; pepks jcormespondingcioi then Vayionsdons as ai on

nmobi ity >,gpe 0 Thi | 1S ai cgordi.ng.t o0 the present
i nventi on2§ bycﬁrrlggé\@{ E)?ﬂg gfc’)n%rrog?%lgg{ f %@%Orﬁsbﬁgﬂge ﬁ%e%'gng%lﬁgnnaf gﬂf %t"ﬁee
anal ysis i n daewihg tthe tésil domditiogs dorisligossible: to dMEnDiRé Ghd Gir8sende of the

. PCT/ 1 TO2/ 00004, - enpl oying as, .the npl e gas a heliumargon m xture_ forned
of the heli urﬁq}?ﬁtag&%c%%l:}%%{e piest &thnéb’sﬁa%"hﬁ’@a‘bgoabﬂ@rPﬁakeﬂie%ﬁnwltbur e

argon, sai d ukbleRoRilabR HRrfinel & dodk MRl 80 on R & E 1 UM 25

the counterflow gas in the separation zone I on nD
spect r orret er ; casrespondingupecigs.ng as the sanpl e gas the hel i um whose

i mpuriti conte has t@ .be determ ned .or,, a ymxture thergaof wth pure
ar gon, sg’lﬁd mi xt Elitnes_ gentogilﬁi‘ ﬁ%nQFP%J_rﬁq GI.D?LPLE%WSG& @Pg];‘?aﬂ%, °’§ﬁl?f &fl&]é‘qé}Fgon as
the count er f | invblgas condideRidlesdpsudtids AR tHOMErfrbtation of the analysis results. This



the ion nobility spectroneter; or - enploying as the sanple gas a m xture
bet ween the helium whose content to of inpurities has to be determ ned and
pure ar gowoan@sqasst he counter Fl ow gas a hel i um argon m xt wcqgaeAoeb4i Ng no
i mpurities, wherein said mxtures have an argon concentration included

bet ween 10 and 80% The invention wl| bg described in the following with
reference to the figures, wherein: 15 -"fifgure 1 schematically shows a
possi bl e systemfor form ng heliumargon m xtures suitable for the analysis
according to the invention; - figures 2 to 6 show the results of IM

anal yses car r isathedirstlytocthe daat ghat thetriee chasgedisiribution dmohg &ivadayives preasiti ed out

in conditions which gre not accqrding.to the invention. 20 The standard way
‘to carry out SHYCISRAS g’ﬁé?i}‘gﬁ %ia‘i%g’@lﬂ?' ¢hdepgad on yaripwiclagtors; withdhe resuitt he
sanme gas (obvj Lo | | [ L.ty
content has tgﬁﬁgﬂe?&ﬂlﬁﬁhﬁg@q t?%gg%:o t}%?ﬁgigﬁéa{%\égﬁﬁc}g%ﬂﬁh%%gund
‘that, in the dissppeat, dependingotn/the praséndergf othiet irapuritiesEhe book ‘Gon Mobileyat i ng
according to gne of the,ahpve ntion 5 conditions al to obtain
graphs wher ei ﬁpﬁcﬁgnﬁé’gk@’%ﬁ- Wﬂial‘}g%t i Wg’ﬁlﬁhﬁ@énﬁﬁ%‘gﬁ%P@%_
sufficiently &8Pp8abfied {Uforain AWsHEicR Bxﬁltﬁea fhefl (BHple chitfe Ayl S as
all the con of an Fy5|s

previously discussed. Coviously, in I'tion
accordi ng to pmeciplay evhitloare theebasal of thepechmigees Rnsther, i with elqial neheirieat

tent of i [t t d i ned . || the oth
(the ar gon of Cpessii, R 16 8 ERUCIGRRE on 85 SHISS Biefiest S b er mot
to introduce elogtitifieldapphel R theosebatatidiizdng, RGeSt bf Bl dalSvhich/MasQ3/ 054058

-5 anal ysis. PCT/1T02/ 00004 The first possibility of operation according to
t he i nventd onbe#mdyzed and the flowi il the diftigasn as drift gas and, as sanple

gas, a m xture be r i wh tent.of | I ties has
to be determ ned, A\é"gl%gn%qgéﬁl}re 3?@13%{‘@%@%8#%%%%&8@{&? graggopgsgiu'%%@ﬂ' I n
this conditi om tIMS ehfiatpdis ok ati@ely dWperdent SorPr@s eadalyss Nonditioa@MIBAeNt of
the sanple m xture, is essentially to inprove the ionization processes,
thus al | owi ngeQmRR R algprithms wged fo inferpratingdhe analysivregeltiare basedeanbadi ng t o
the inpuritie r.at.l r.di A i 1410 t he
rati o bet vveen&?cﬁg9?1¥%§lv98fﬁ%h@aﬂsﬂgn%gie;a%gé‘gha%%&h ?ﬁéelm(]i‘?el {n{e ésg%esgﬂsﬁgr% aS&fndi ng
and can be ansil thegpressni peaksaThe fbestercsulesrerei sbtained rveltenh esthopregomt dugiessi ve

dilution of the sanple gas which woul d reduce {he sensihility of the nethod
of analysis. TRYCYREIES &O&pgpérta?ev@agdﬁd]ﬁ g@ﬁhax%?%ﬁl}‘ﬁds iSOSt%ihEOSSM%nt i on,

the.elium although with greater difficulties, when some peaks are superimposed; in these

cases it is necessary to resort to hypotheses of repartition of the peak areas among
the different species, with the risk anyway of introducing errors in the analysis.
20  Finally, the IMS analysis (also the qualitative one) is impossible when large
superimpositions between peaks corresponding to different species are present.
Because of the complexity of the phenomena into play, there is no standard
method for applying the IMS technique, and each analysis has to be studied
separately in order to define the conditions which allow to obtain a good
25  separation of all the peaks corresponding to the different species which can be
present in the gas under analysis.
Object of the present invention is to provide a method for measuring the
concentration of impurities in helium by means of ion mobility spectrometry.
This object is obtained according to the present invention by means of a
30  method which consists in carrying out the analysis in one of the following
- conditions:



15 whose content in inpurities has to be determ ned or a m xture thereof
wth argon is used as sanple gas and pure argon is used as drift gas. Al so
in this cag®iesspossi bl e sanple m xture contains from 0. pcraThfi6oed ar gon.
By operating according to this second way, it is preferable that the flow
rate of the drift gas (also indicated in the followng as Fd) is at |east
ten tinmes higher 20 than the fl ow rate “&- t he sanple gas (also indicated in
the followi ng as Fc) even nore preferably, the ratio Fa/Fc is included

bet ween about 15 and 20. By operating with values of the ratio Fd/ Fc | ower
than 10, a poor sep@ledihgas the shipleiaskhelb@niatsonantitng forndded thepdliuind i €S 'S
obt ai ned, whereas by operating w th too high values of said ratio, for
-exanpl e hi gheVhqss£antent of mpyrities g do §¢ |dgtermined and Hare sreopnfAid MEBEe s, t o
t he detri ment..Qf.:.t; ' [0 T R Y O = : i | ast
operative concggfall%ﬁgggﬁ?ggsﬁois\%/ﬁta%%, 111’ta%‘)él pﬁ%@%ﬂ%gﬁ%ﬁ@fu&%ﬂ%\&i %lﬂgas are
‘two hel i um artheseparationzese bfthe i mobititygspactommstenor at i on conpri sed bet ween
10 and 80% at | ower values the separatiop of .the, peaks correspondjng to
the variods speci-CERIeIRGEs terrrple@t tedelumartoss hautics Fongniiiag to be
quantitative fpahi e s st L jumin
the sanple gas IS gdg?ég\gﬁ%mgﬂ%egé lfc%gl an%&gb%’gsglrd Igg(ﬁ%@ gﬁﬂt:ai%ngg%o@ﬁiél

anal ysi s resubt59% of agof)2ndpiisSrgen aftE/cote 0 fds inrthe depatdtion zonegf, t he
best results fre obtai.ned with argon concentrations conprised between about
30 and 40% of ?Wé”ﬂ?l%llﬁ'r%"g.w?rﬂet?‘hl% case the ratio between the flow rates

of sanple gas and éﬂﬁdﬂ B%mg%? tﬁessaﬂ'%ﬂe %@slaﬁiﬁﬁ{mre et ehd Rstiihd ShoRNdbnicht
at val ues of a

general |y mai nt ai ned about 1:2. 5 The heliunm argon m xtures
used in tii s ofpeparitieehasotedbe desermined sl pure pegomcanslyasnthg icaynterdlosy gasgon to
the heliumwhiech h to.be analyzed (in the.case of the sanple,gas) or to
ure hel | um (leipa o 2uEed PRk b Gk Shefin 00 ARRRECHRR 4 Ot o
for exanple, drfod Sore@sedtidnandladedhRrtweenqdlanlBeYd. on systems based on the use
of mass flowreters, or systens conprising narrow ngs having a calibrated 10
and known gas conthfcimygelion [willebe Hescybed amtlre Sollaviag with refgranes tpdhent
application 0 ’08 in the nane of the Applicant. The m xture to be
enpl oyed as %@%’g’ggg)@n al so be found on the narket fromthe conpanies
whi ch selis the purfiggadathemiticaliashows Jpadsible syt tfowefobmingt lelinm-agph oyed as
drift gas do not need to have the sane argon_concentration; this can
however be a 'Bixées swabledaniheiapalysis agrording to the inveRUPes a | ower nunber of
controls on the sy ] Xi It d i t hat
sanpl e gas and drii?%'ﬁgggais%;? @%@%ﬁ%ﬁ@fg@%éﬂ Soersnc eeasogjhé&% xt {rogt.thor
carryi ng out inheémioardndaf amalysdstcarriedpas i donditions evndhoare hbeacsyslirgto the
schematized in figure 1. In said system 10, a heliumflow containing 20
inpurities c o roma line 11 is mixed with a flow of pure argon com ng
froma lixne 12; tig dasiab@dafisbatsy b@ldnaMS MalPiPrtBlRes tHe v, ax tiRDadR) 1S
obt ai ned by neans of flow rate control elenents whi'ch are generally

i ndi cat ed as s, Phdherisamergssi(obvionshepure) asi the main gas inhthessample svhosat |y

divided in tw secondary.lines ' and 13". The portion of mxture of line
13" (contai ni’HB) ec?nﬁ%ﬁha#]oggecféﬁ? ly 25 present in the heliunm is sent

wi t hout further tog#id@htar, thd RCertedtbverfoun® e, if ted ca3 of e dnflykiswfent 15.
The poi Lion of mixture of line 13" is sent _to a purification =~ system 16,
whi ch r enovesiminyitiesdn ihglivm;, oplysoparaingncceidingnto angofiitke abowe memicdgdent | y
to the separald afi#Q3fowd t&gbthiﬂ%%ﬂﬁmtere the;p%l&] e%}gkﬁmdﬂ{éolfotth%'o%g the
anal ysis.”" 30 The purifircation s em may be formed of” one -or nore purifiers
in series. Thimpmuitics arersufficientlyesepamted xthnp bowihg talvelisble duaitgtive enalgsiget t er
,all oys, gener

2s| Ilrgviously discussed.

Obviously, in all the conditions of analysis according to the invention, the
only impure gas used is helium whose content of impurities has to be determined,
30  whereas all the other gases (the argon of the sample gas or the drift gas) must be

pure, in order not to introduce impurities which would modify the result of the



WO 02/ 054058 _7 PCTI | TO2/ 0000: ~ based on zirconiumor titanium kept at
tenperatures conpri sed between about 250 and 500 C; purifiers which enpl oy

getter alywey@ddoss obj ect of various patent publications, gngGovesd for

exanpl e US patents US-A-4,942, 019

, US-A 5,080, 875, US-A-5,182,089,

US- A- 5, 238, 469, US-A-5,492,682, US-A-5,556,603, 5 US-A-5,558, 844,

US- A- 5, 968, 468 and US- A- 6, 086, 685

EP- B- 484, 301 and EP-B-493, 347. Alternatively,

tenperature can be used,

such as the purifiers based on nickel

and i n5European patents EP-B-470, 936,
purifiers working at amnbi ent
general ly

di spersed on Rhghdy porous supports like zeolites or alumina, which are

able to sorb a w de range of gases,

in particular water, oxygen, carbon

-nonoxi de 1 o and dhefisdpossitilityyafropgration a¢rerding iof the invebtiore domsststinaiselg ar e

preferably used i

[
of sone gasespf“f’i3 i

Beyfl'Be Ol

di oxi de antl wdtost 0.1ympeH ofaegonhen

It is then possi bh?ﬂﬁs"coﬁﬁﬁioﬁ‘{ﬁééﬂf&"tﬁf

renov

as for exanple the purifrer for

on wi,th cat

3 2pé

‘i s possi bl e t Gelitif vhobeebrddnt PR ithpeitithax tolee dReiniAdd, Saitl SNRAKS bS]
bet ween about 200 and 400 C, which

| s for the cpnversion
BRYEFEN 1530, %, it
ri sed
is able to convert nethane into carbon
15 sorbed by the supported nickel netal.
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descri bed in &t emhple/Smiktdre/ 16 e5itialdy 16 Hmppavei theeionBaties prucessad) th@i er

described in p

general |y ein@?ng theclormation jand
renove sever ak
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purifiers descr up to now may

tent application EP-A-960,647;

of the previously described types.

. t hese specific purifiers are
the tdetegtipn raft the rpelks cATTPEPoading 1o theo
Finally, the

be used in conmbination with purifiers

conpri si ngo ot her Nteardpatating apedrdimgab thilk fisst canditiors dhdiatio ptsen the floeom

t enper at ur e,
t he water or

purifier. 25 FheestRuans

exanpl es. The test resu

ts are
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t he peaks hav
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for the sake of sinplicity,
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The peak intensit By cpeditingActdrdingtd thig ¥cond Ray,lit Rpzéferabhs thanthe Flokwh@ts ur r ent

directly measured by the detector (nunber of

1ons which collide on the

col l ector in ©hdhadif gay (alsonpsiicated dn fhy followingmsdid intidgash jen times highetinent
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the quantitative analysis, whereas at higher values the quantity of helium in the

sample gas is excessively reduced and a poor sensibility of the analysis results.



This exanple is representative of the second condition of analysis of the
invention. An IMS analysis is carried out on helium containing C02, carbon
monoxi de e dhsosspsggen {02) and net hane (CH4) as i ntenti onaldyireseiRes
inmpurities, and 25 about 2 ppb of hydrogen (H2) and 2 ppb of water (H20) as
"background" inpurities of the system which are hardly elininable. The
test is carried out at 80 C using pure alﬁjon as the drift gas; the flow
rate of the sanple gas is equal to 0.25 I/mn, and that of the drift gas is
equal to 4 1/mn, with aratio Fd/Fc of 16. The test results are given in
graph in figurgside afisC ?e ¢hel tstC k@slts | drBCotitaind Swidl drh S’ @heerfeetiVRL E 3
wo 02/ 0saoss -9 PCT/|T0270000a The test of exanple 2 is repeated, but
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obtain as a r eamktmbfure. IVEoraﬁtﬁl'}biﬁgﬁut this embodiment it is possible to employ the

system schematized in figure 1. In said system, 10, a helium flow containing

20  impurities coming from a line 11 is mixed with a flow of pure argon coming from
a line 12; the desired mixing ratio (for example, He:Ar = 50:50) is obtained by
means of flow rate control elements which are generally indicated as C. The
mixture is formed in line 13, which is subsequently divided in two secondary lines
13’ and 13”. The portion of mixture of line 13” (containing the impurities initially

25  present in the helium) is sent without further treatments to the reaction zone 14 of
an IMS instrument 15. The portion of mixture of line 13” is sent to a purification
system 16, which removes all the impurities present in the mixture, and
subsequently to the separation zone 17 of instrument 15, forming the drift gas of
the analysis.

30 The purification system may be formed of one or more purifiers in series.

The purifiers can be for example of the kind comprising getter alloys, generally
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inpurities are sufficiently separated; these graphs are thus suitable for
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conprised between 15 and
described up to now may be used in combination with purifiers comprising other

materials capable of physically sorbing gases at room temperature, such as for
example molecular sieves, which can remove part of the water or some
hydrocarbons, thus prolonging the life of the principal purifier.

25 The invention will be further illustrated by the following examples.

The test results are given in graphs wherein peaks are present as a function
of the time of flight of the corresponding ions in milliseconds (ms); the peaks
have an area corresponding to the concentration of the different ions. These ions
are generally complex species, which may comprise one or more molecules of the

30 ionized gas, possibly associated to more neutral molecules of the transport gas: for

the sake of simplicity, the main peaks in the figures are identified with the



4. A nethod according to claim1 wherein, when two heliumargon m xtures
are used as sanple gas and as counterflow gas, said mxtures have an argon
concent r afyigRe4R®r i sed between 30 and 40% 5. A nethod ageangbishedL claim
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unpuntles of the system, which are hardly eliminable. The test is carried out at 80
°C using pure argon as the drift gas; the flow rate of the sample gas is equal to
0.25 Vmin, and that of the drift gas is equal to 4 I/min, with a ratio F4/F, of 16.
The test results are given in graph in figure 3 as curve ¢ (thickest line in the
30 figure).
EXAMPLE 3
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An IMS analysis is carried out using as sample gas an helium-argon mixture

containing 5% of argon, and containing CO, CO;, O, and CH, as impurities
intentionally added, and Hy and H,O as “background” impurities. The test is
10  carried out at 80 °C using pure argon as drift gas; the flow rate of sample gas is
equal to 0.25 I/min, and that of drift gas is 4 I/min, with a ratio F¢/F; of 16. The
test results are given in a graph in figure 4.
EXAMPLE 5
This example is representative of the third analysis condition of the
15  invention.

By using a system of gas lines of the type shown in figure 1 comprising a
nickel-based purifier, two helium-argon mixtures containing 32% of argon are
formed. The mixture coming from the line comprising the purifier is employed as
drift gas, whereas the other, containing CHy as intentionally added impurity and

20 H;O and H, as “background” impurities originally present in the helium,
represents the sample gas. The ratio Fy/F, is 1. The test results are given in graph
in figure 5.
EXAMPLE 6 (COMPARATIVE)

'An IMS test is carried out using as sample gas helium containing as

25  impurities about 2 ppb of H,O which represent a hardly eliminable base of the
system, and 5 ppb of intentionally added H,, and pure helium as drift gas. The test
is carried out at 80 °C, with a ratio Fy4/F, of 1. The test results are given in graph in
figure 6 as curve e (thin curve). The test is then repeated without adding hydrogen
(thicker curve, f, in figure 6).

30 As it can be noted from the test results, by operating in the various

conditions of the invention, it is possible to obtain as a result of IMS analyses
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number of impurities; in particular, when only helium is used as sample gas, the
10 best results are obtained with higher ratios between the flow rate of drift gas and
sample gas (comparison between curves ¢ and d in figure 3).

Finally, also operating according to the third of the conditions of the
invention (helium-argon mixtures for sample gas and drift gas) good results are
obtained in terms of separation of the peaks which can be ascribed to the different

15  present impurities.

On the contrary, using conditions which are not according to the invention
(sample gas formed of helium with impurities and pure helium as drift gas) in the
case that the impurity is hydrogen a spectrum which is hard to be interpreted is
obtained, formed of several peaks which can be difficult to ascribe, so that the

20  calculation of the areas to be assigned to the various species and consequently the

quantitative analysis become practically impossible.



10m 10nmKDDDDDCEEJEK/ 10 10mL09%T& () - @109%& () -

&109F&' () - @OYT& ()- @f109F& ()- &L0%T&' () - EEFGEGGABK/ 10
10m&+10%0Wo(02/088058 00T & () - ' 1090T& () - ! PCT/IT02/00004
10908 () - | X&L! 1094T& () - 109& () - GHHHI) J3J4J5dE: / 10T

LOTW of 109W&' () - 7@O%T& () - &1 109FT& () /| 109&: () -

1090°& ()- S, 10%7& ()-5J6JCIGIVIII KxY: 1 1HOTWEF 10%ax ()

10%@& () - S910%@& ()- "sS10%@& ()- 10%@& ()-s10%@& ()- 10TW K+KzKKK LI LdE: /
10TWF 109%@& ()- 10%@& ()- SLO%G () - SR10%E& () - 3 10%@5 ()-

Sf 10%@& () - | LMEVOMVVVEB: /  10TW ! 1OW@@MS&1OW%() f*109%@& ()- Sf 10%@& () - &
10%@8; ()-INM 09%&' ().- M NNN&O[ OJE: / 10TV&F+F10%

109%@& () - éﬂ %;MW thg ceneentygion pt @mm%@n @th@mn@aél

181/&6()10?% 3 ?@%“&%&%“ﬁﬂiw RS B e ()
" 109&8&' () - 100/aﬂlo(wmgceﬁtmm)s 10 10 10!\, 8M 10%&' () - RRESSTATU} ’\<uV7
1om aM 10%z& () mp o%cl).l/;zg&;é ess:égop e&;l,ra(s)a héllu%—g)gm%e Ifgri‘;'lle%(y(e)g% e heillJr?lW&I Q-
whose content of impurities has to be determined and pure argon, said
mixture containing from 0.1 to 50% of argon, and pure helium as the
counterflow gas in the separation zone of the ion mobility spectrometer; or
~ employing as the sample gas the helium whose content of impurities has to be
determined or a mixture thereof with pure argon, said mixture containing
from 0.1 to 50% of argon, and pure argon as the counterflow gas in the
separation zone of the ion mobility spectrometer; or
— employing as the sample gas a mixture between the helium whase content of
impurities has to be determined and pure argon and as the counterflow gas a
helium-argon mixture containing no impurities, wherein said mixtures have
an argon concentration comprised between 10 and 80%.

2. A method according to claim 1 wherein, when helium or a mixture thereof is used
as sample gas and pure argon as counterflow gas, the ratio between the flow rate
of the counterflow gas and that of the sample gas is equal or higher than 10.

3. A method according to claim 2, wherein said ratio is comprised between 15 and
20.

4. A method according to claim 1 wherein, when two helium-argon mixtures are
used as sample gas and as counterflow gas, said mixtures have an argon
concentration comprised between 30 and 40%.

5. A method according to claim 1 wherein, when two helium-argon mixtures are
used as sample gas and as counterflow gas, said mixtures have the same argon
concentration.

6. A method according to claim 5 wherein said mixtures are obtained by using a
system (10) wherein the flow of helium containing impurities coming from a line
(11) and a flow of pure argon coming from a line (12) are mixed in a line (13), by

checking the mixing ratio by means of flow rate control elements (C); by
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purifier containing getter alloys based on zirconium or titanium.

8. A method according to claim 6 wherein said purification system (16) comprises a
purifier based on nickel.
9. A method according to claim 8 wherein said purification system (16) further

comprises a catalytic bed of palladium oxide.



