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concentration of 5 nitrogen in argon by*'#8&nhs of ionization nobility
spectroscopy. Argon is widely used in the sem conductor industry, both as a
transport gas wherein reactive species are diluted, and as a support gas
for plasma formation in cathodic deposition processes (better known in the
field with the definitions of "sputtering"” or "Physical Vapor Deposition”,
PVD). The purity of the enployed 1 o argon is very inportant; as a matter
of facta MATHORAORAMEASUBENG THIEY CONCENTERATIPY QFhNITROSHE i ABEON MYt WEANSeact i on
JEnvi r onn@tro¥ HPEFRITHEEFERROYEERY i nto the solid state devices, altering the
el ectrical or nmagnetic properties thereof and thus giving rise to
production wastes. Argon purification is the subject-matter of a nunber of
.patents, anong 15Theyiredentioversioanplhies pas erthodBoBmesshing héonserittation of

applicant s nanme. According to this.patent, argon is plurified by passing
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"lonization Mobiljty Spectroneter”). The interest in this technique derives
fromits higho BEXEEEED Wases. 30 associated with the limited size and cost of

the instrunent,; . ' [ PLRRLL c itigns it _is possible to
sense gas or vaperEaRghanblibe & BBRARCl-Ahie0Y) hBBE o pubTiRt
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25 A particularly interesting technique for carrying out this analysis is

ionization mobility spectroscopy, better known in the field with the abbreviation

. IMS (the same abbreviation is used also for the instrument with which the
technique is carried out, in this case indicating “lonization Mobility

Spectrometer”). The interest in this technique derives from its high sensibility,

30  associated with the limited size and cost of the instrument; by operating in

appropriate conditions it is possible to sense gas or vapor phase species in a
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15 of the (rather conplex) charge transfer principles which are the base of
the ionization nobility spectronetry techni que, reference can be nade to

t he book wioon/4Mski | ity Spectronetry” by G A Eicenan and pCI/IKen/gas!,

publ i shed in 1994 by CRC Press. The reaction zone is divided fromthe
separation zone by a grid which, kept 2Co;mat a suitable potential, prevents
the ions produced in the fornmer zone fromentering into the latter zone.
The nonent when the grid potential is annulled, thus aI | owi ng the entrance
of the ions in the separation zone, is the "tinme zero" of the analysis. The
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presence is to be et er ar ‘case’ of & anal ySi s of
traces of ni by@@éhPreﬁs ar gon this is essentially inpossible to carry out
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entering into the latter zone. The moment when the grid potential is annulled, thus

allowing the entrance of the ions in the separation zone, is the “time zero™ of the

analysis. The separation zone comprises a series of electrodes which create an

electric field such that the ions are carried from the reaction zone towards the

25  detector. This zone is kept at atmospheric pressure: therefore, the velocity of

motion of the ions depends on the electric field and on the cross-section thereof in

. the gaseous medium. By registering the reading of current of the particle detector
as a function of the time passed from the “time zero”, peaks corresponding to the

so-called “time of flight” of the different ions are obtained; from the

30  determination of the time of flight it is possible to go back to the presence of the

substances object of the analysis.



In order to overcone the problens found in the real analyses, it has been
devel oped the nethod of additioning the sanple gas with a specific

subst ancewgc@ldosgd " dopi ng gas” which, according to vari ousqEINAMSENS,
obtains the effect of notably increasing the sensibility of the neasure
towards the specific nolecule 25 object of the analysis. As exanples of
practical application of the nethod of tBe dopi ng gas may be nenti oned
patent US 4,551, 624, regarding the addition of ketones or hal ogenated gases
to the gas to be anal yzed; patents US 5,032,721 and US 5, 095, 206 regardi ng,
respectively, thehﬂ%ﬁit@fofpﬁmah&fafa@ sﬁﬂbﬂi’é)tgg tHé Qaﬁpﬁ@atioﬂ bhehsQecinguesi s of
aci d gases; and patent US S, 238,199, regarding the use of amnes inh the
.anal ysi s of cinvobieneond¢ difficidties inWi® ipwrrprapden onthparlysioresnlis 1i 61 1 n t he

specific literatu of .the INMS field owever er ' (o] of use
of a doping gas fg_ﬁe ﬁ’é%%’ﬁ‘?’eln gSlﬂliﬂf'lﬁ?ng n&’\ﬁﬁgﬁé@ﬁhg r%%ﬁtegea@p%eg@?rmltg}%ecti on
.of trace nitregykid thebdibdsinpl @AP (tige T MALALIANKE baRSIrethe TRES) tof GRS presbit E. J.
Hunter et al., (Journal of Vacuum Science and Technol ogy, section A, vol.

16, No. 5 Sof Bpesiept uftibdoasdiod peavideobsthepindicationszmythg cheugal nptgrapbie t hat
t he addition kN €O tions up to 2-3%increases the
sensibility O?ﬁe{g%gé%?s%?&slﬂ%fo %ﬁﬁ%%élgn in argon carried out wth the

t echni que of nassFepsaibutageich piakho alBemival species,zhs IS @by bé omapbrdi C
pressure (techni que known, |ike the relevant jnstrunent, with the

abbr evi at i on KPTmagmspectometer sdeh determipes, thg shermigal matwre pf eaph) 108, Autgin
intrinsicallygasi ol i I d I t he
detector is a&rﬁréag;gy g{geal(i:) réoﬁéftﬁeo?le%lcﬂ(’: fll?d(%eép ﬁﬁ%ﬁ%@?@@%ﬁ%ﬁ?&gm in the
sanpl e oniat he basaltefnativedy, nbissgostiblege rumtalibrativartestd on amdpleb éorafedrof adi r ect | y
attributes the chem cal nature to each rreasgred Si gnal. Besi des, . th
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i nstrunent w : (Pell r; :Whi ch
hve Lo be sullmsRlcEmAfRE e She BP g O g o R e
appl i ed strai gl tarditiond,is Howenet cainpbeatechdue tyBhersissiltanecys pr¢senesgefrmone ar gon;

as the inventors, K have observed, by using the very sa ystem described the
article aboveSTIfARAES, GRS Qi V?”%H%l%‘g&?fngs 8‘&“% IPP{STS%"ﬁ tPﬁa%Péﬂ?% tively
unreliabl g apgRargd Bahdler M6 cdcBSRRer drNWitRPAdsHR] euRtbl Mdlecufes,sothht théo

reading of nitrogen also in the presence of this gas in the sanple, so that
even the si nptimesofflightfound imthelapsliysisicen barplarsadtesistic ofspesias dfferenelrpiiesent

invention is t.0 provide a nethod f rneasyr.ing. t.h atian.o
nitrogen in ah&&ﬁ“@)‘)geﬂ%ﬁﬁg%fs Pg)ﬁid‘z)e[[aetning}?ah%bﬁh? g?‘@lc@ﬁgg{lﬁé(;%?é%epgﬁa S’léf obj ect
i s achi eved ag@edsiMgitbeert feapbSERY id evaniallpNmpyssiblerd haty 25t eliwepty,si ng
the steps of - providing an argon flow to ,be anal yzed wherein the total
concent r at i onbegaupeihigenenge dragsireameng thephy rigRfeiths érsﬁéﬁm%ﬁnﬁﬁéﬁmqq%)rﬁl’élbout 1
ppb; - adgjtiqnj aid argon flowin such a quantity as to
reach a C%aneglﬁogtg?%sg%r?gﬁy% rcgagh in the sanple to be anal yzed conpri sed
bet ween 0. 005 30 &ndrdtN® pesrtomerthenpioblean foynd/ 0l theerealamdlysegrinhgwbeey t he so

duced mi xt f ith | I : 02/ -4Q98
produced m x lcjigx?elc())pedgtﬁg Er"r?etl\'{\gdt of gllgld'tic')\/ngné’j1 Ql?e ¥a§r?prle gas V\A\gﬁh a spec?f?c substance,

called “doping gas” which, according to various mechanisms, obtains the effect of
notably increasing the sensibility of the measure towards the specific molecule
25  object of the analysis.

As examples of practical application of the method of the doping gas may
be mentioned patent US 4,551,624, regarding the addition of ketones or
halogenated gases to the gas to be analyzed; patents US 5,032,721 and US
5,095,206 regarding, respectively, the use of phenols and sulphur dioxide in the

30 analysis of acid gases; and patent US 5,238,199, regarding the use of amines in

the analysis of chlorine dioxide.



-5 PCT/1TO1 /00a( 1 Analogously to what reported in the cited article by E.
J. Hunter et al., the reaction of charge transfer at the base of the
measure iwobelosded to be the followi ng: ArH+ + N2 -~ N2HPCI/A01/60581 5 The
studies of the reactions which take place in an | M5 chanber have
denonstrated that the species really prezent are nore conplex than the
above reported ones, and generally consiSt in conplex aggregates of ions
and neutral nolecules. For exanple, in the nethod according to the present
i nvention species of the type (Ar)~H+, (Ar)p(N2)gH+ and (H20)r (Ar)sH+ are

i nvol ved, where nin the specific li@rannd of tIRITMS fitldgRs WA IS areliRVR4ples of
"sinplified" forrPJI s.Wll be used in the follow ng for the sake of
sinmplicity; sBife saiCﬁ’@l"?&‘gaééorflﬁ?qii"ﬂil’é%méf@g?lbg’rﬁﬁm- Aepmn the papenlRstectiomfi oned

species and u I; f lel Lyel: v » : Ht~ (H20) 2H+
and H30+. The§f5‘%vﬂé{r}1(t)%%ﬁnvl\)nﬁ{l4 39%\%{]‘%32%%0 E@?@Eﬁg héég#‘%fsl ’gg\kl)i_%‘gj' \%l%flp Féﬁér ence
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al ternative eﬁglﬂgééﬁeiﬂtcoﬁéenmﬁoﬁﬁeﬁrgﬁ%-?% ﬁmlafeagég\ﬁﬁggéngmilitﬁ%f'mlf hANGS of Shows
In a schematic way an | M5 instrumment tor carrying out the rretalkulofj according

to the inventiilgen i jaggonesardied 0w witlowhe dsabiniqueodf MbS apeirgmenyoiwithi t r ogen
in argon car r(i:ed .Oyt. accor di.ng to,the enbodi rregr%js of the invgnt I on and
conpar at i ve t @{acaliuIZatan at AnaSHhENE PRSTNG (fleRaidus, kngvam dikedthe releyant
quantity of ninkf@EeR, Witk theasKRsvidtfonP APSITNIS). Wi 15@hi Qlﬁro?i'ags ERiQduci bl e
results if, before additioning hydrogen, the total anmount” of gases or
vapors otlRer Whigh aie intgasenliyrsinhlsr 40 goerptetdhan thel D4® techhigne, lbeoptse hhi s

condition can . tisfied by.passing.the.argon flow under anal ysis
through a sui qé;%ﬁt(gj %ﬁﬁe}s?g‘?écﬁfwe‘%ﬁphﬁc itﬂgﬂm@%@&‘ﬁq’éé’ﬁﬁfwfﬁ_ PRORRICt han
one purifier)on f whet af liRmad/chivge rid MetddE, anldnthérefo?é BRb ML attriHut3Onk S
possible to subject to a prelimnary test the argon fl ow Wwhose nitrogen

content is tochsEiea) apivse tgeachmeagirsd signal. Besisles, dhe eoni¢nied thisarticltes ar gon
flow al ready BRLS hife callfafldd of tHe! BPCIRS T TSR fith Bie gites, at most
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15 containing traces of gases which have to be subsequently analyzed. The teachings
of this paper however, if applied straightforward, do not allow the IMS measure
of nitrogen in argon; as the inventors have observed, by using the very same
system described the article above in an IMS analysis the measure of nitrogen is
quantitatively unreliable, and, in the worst cases, the analysis output is a null
20  reading of nitrogen also in the presence of this gas in the sample, so that even the
simple qualitative analysis is impossible.
Object of the present invention is to provide a method for measuring the
concentration of nitrogen in argon by means of ionization mobility spectroscopy.
This object is achieved according to the present invention by a method
25  comprising the steps of:
- providing an argon flow to be analyzed wherein the total concentration of
impurities other than nitrogen is not higher than about 1 ppb;
- additioning hydrogen to said argon flow in such a quantity as to reach a
concentration of hydrogen in the sample to be analyzed comprised between 0.005
30 and 100 part per million by volume; and

- analyzing the so produced mixture of gases with an IMS analyzer.



purity requirenent above, such flowis directly subjected to hydrogen
addition and actual |IMS analysis, otherwise it is subjected to a

puri fi catyeyppeiati on before hydrogen addition. Figure 1 pdmomi/idser steps
of the method of the invention in a first 5 enbodinent thereof. In this
enbodi nent, the argon flow to be analyzed is passed through a purifier or a
purification systemirrespective of itsdriginal purity, to assure that it
has the purity level required for the analysis according to the invention.
In this first enbodinment, in case the gas entering the systemis pure
enough al ready, tAigssuklyl 16aih@Repoped & tRMciled ab@dde BGEY. Hstet BCAISARSS t he
overall 10 analysis time; the need of a prelimnary trial analysis is
.however avoi deektionhef elhayge tfansfar @bl faser ohthehmepaire fis balievsd tot bp the added
of hydrogen &aﬁ §ﬁ)§gified inthe followng) so as to obtain a gas m xture
containing t 8¢ “concentration of nitrogen as in the original argon
flow, hydrogen i mter Kangey,frrem0. 005 to 100 pgm by vol ume (ppnv in the
rest of the text), balance argon. This m xture Is then 15 fed to the I M5
anal yzer . 5Fi gur e Thestodiss tafiehe treastionsf whivh talse Ipdageoin ath&MSnehembievhaver an

alternative epbodi nen ereof . .In this second enbodi ment ..of the.nethod,
the ar golnvf I o%?qoé{sﬁeéﬁgﬁqﬁ%3p?°§ess{f8ﬁ3|é@fe§8ntt ?fea{n%]]pe(fo:nﬁq ol athglag}’g?’ , run
wWith the sangepdfed oids| thite Bbnerdlly 35iBR6 $n %&?ﬂmta@gr@gam @i tior®f aridTiiftial | €S

other than nitrogen. If the 20 results o is trial analysis show that the
total contentmeleculpg dior exampleninthemgthpdiapeardiag do thef presgnt Bivantiaaapgcise| ow 1

ppb, this flow,js,.f i I [ £ ctual
anal ysis; if ,élfghe Wﬁgqégn%ﬁc(hfa%@wﬁ%% S?@%%ﬁ@%ﬁéﬂ%\@g F@’ S (r)éamg’dq’%a% t he
total confpentandfs hiEPintdgkl aembeishHowehan“siinplhifenjormalabivgliese tsedrintthe above

limt, the flowis passed through a,Purifi er (or purifjcation systent to
bring 25 t he fgHewiadonthe sakspdsimpligity; some simplHirdctofmplas corgesperding &rent s of
t he met hod of ' 1 on. El: : j : . ' e+ for
carryi ng out qlhggg{éég}éggﬁ%%os&g&&gﬁ%%o Se?ﬁg%nggﬁlgﬁﬁgg(%%’gﬁygeﬁ&}#he pf esent

i nvention. THe,HG(H0),HVendHaDY.zer 10 has a ionization zone 11 and a

separation zone 12 separated Ry grid 30 13. T ases Jjntroduced inside
zone 11 are i oni zZ&ef B?’eﬁ%%é"“ﬁfbead?sﬁﬁg%ﬁ Pbﬁhesgﬁ}‘g’%‘}lgf%‘lthé' HF% B3R (not

shown in the #] .~the so produced ions are WO U2/098. 1
PG/ITllllkoogélgég{ﬁ%?rg uced into zone 12 wherein, by neans of el ectrodes
(not shown) suit abfigurpllasheds ah dregfotth ef welldve dmiranh ¢hesampantizbsteps @l afirst

accel erated towards detector 14; the notion of the ions in the separation
zone is schen%{;f,‘\g C‘PtrPftﬂPFemG’ihSaPﬁg‘eb%vePH%n’arroms. The velocity of notion

towards the detectgpnkS shover 4RWarHWE 4 Aok Bagahl @saRsataf stapgeNahn zone
12, which can either flowin direction contrary to the .notion of ions or be

a static atnodishmtive cabodissnt phibd mediod af thedigverition; n t he fol | owi ng). The

_ " pibemthed o on | i
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anal ysis i s cagthbédcsdinpitd thetilendbogon counter-flow. In case that the
analysis is 10 carried out under a static argon atnosphere, line 15 is

anyway necessary iagweubio 9 shoyy reswicafdMs snghies efaitragayip a8 faiideoWet ween

two subs equenﬁcc@ﬂﬁﬁé’ t0%fe embodiments of the invention and comparative tests.

The inventors have found that the measure of the quantity of nitrogen in

25  argon is possible with reliable and reproducible results if, before additioning

hydrogen, the total amount of gases or vapors other than nitrogen in the argon

flow is lower than 1 ppb. This condition can be always satisfied by passing the

argon flow under analysis through a suitable purifier (or purification system

comprising more than one purifier), as detailed in the following. In alternative, it

30  is possible to subject to a preliminary test the argon flow whose nitrogen content

is to be evaluated; if this trial test determines that the argon flow already meets the



Detector 14 is connected to an instrunent, 16, which converts the

el ectrical signal generated on the detector in the spectrum 17 which

repr esentwolgdgaossgal ysis result. The gas to be anal yzed i s portiredsed i n t he
system through feeding |ine 18. 15 According the second enbodi ment of the
invention, the gas sanple is subjected to a trial analysis. If as a results
of this trial test it is deternined that®+the argon entering the system
through line 18 is pure enough, suitably acting on valves V 1, V2, the flow
is directed along |line 18, undergoes hydrogen addition fromline 20, and
is sent to thfrigpalgMEahent @bove sidhgldw isdireb@piubiiRtcd tthpegbhadditibiead gon in
line 18 20 is not _pure enough, suitably acting on valves V1, V2, the gas
sanpl e i s passbal IMBomglysis, plierwise it is subigetad ito n pwificetigrmpperatign pefets/i ng
fromthe argqn .all or vapors other than nitrogen; station 19 can be a
single puri fici.1 gﬁ)&enggaﬁ%?'rred of a series of nore purifiers having different
functionality. Thgge Puhbivk el 0a6ps of SBOtmathed odfl thee inkBntion Sn agdfiki oned

wi th hydrogen fed through Iine 20 and is then sent to 25 the _ anal yzer 10.
Si nce for5t hemhodppens thereaf i thistmhodipentfbe prppadlovole besanpbrzed dapdssethat t he
anal yzed sa t aj 1 e W, 1 ipurjties,
gas |ines 1gp[ iéﬁjgggg’ %g?r i%lr}]gt e}ﬂrlIa é@ﬁ%ﬁ%&éﬁi@uﬁ%ﬁ%ggﬁ%hgghgdces, or
t hey nust comasurs ehdtuit thae rthp ity dextel aaqudiedt foprike (anelysis haeording tdiehe

drawi ng); besides, the ne}al Iibngizl 15,, 18, 18, 18" and, 20 are ,gr eferably
made accor di A§Vasonoln s 1t smbpdimient. di sassothefss snfpsg the SEHFBIB G whi ch
generally iny S . r i i j ensure
St emel y 11 P o ey e A e 15 b g A s R e ot

i nt er nal 10al |analykisttiee; therme¢d nfs . préliminhrystriahboalysie in howeverevbided.oThe he

i nvention may be erated accqrding to a feed-bac dality, capnecting the
VB 1 st r Ui R OB P i IS Eor e OSSR BOEEBIS HECDE Tos 2o ac
to send the &ﬁéf&lio%%:sh% Rebbt4R! é’gﬁ&rﬁ)ﬂﬁf%?%ﬂgfn‘lir%ﬂl@rsaﬁl@ cbR&niaEsPEEN

addition step 5 depending on the result o . trial test. Valves V 1
and V2 may benitreganaasdd thy odginalkargem flowt hpdroger indihe gangengom GRS fd bW i n a
desired |ine out, of | ines system Syst or inpl nti.ng the first
embodi ment ofPATHBY H%ﬁﬂ’&épwvf%ﬁwirﬁﬁ}éﬁﬁ%tﬁxwaﬁge?i i aé?l?‘@é 1539&} he one
shown in§i g.fedtdhe gMSHnAREENY the |0 derivation system conprising the

val ves (or equival ent neans) and line 18" . \Wenever purification is
effected, this miSgube dwmsithe stsps of sheamethod pfdheumveatiomin ap pltempéveni t r ogen

Bvara that o oot BERsP Cael E ptbp ik it Ay & 5

poi nted out tHeakndlfiRdpidr dubjeetcd foowagi@limirayRisnalhie, aire witt tlabkfnd AMS
conpletely 15 renove the gases to be sorbed, and besides their purification
features var yinSHREG torssess|the dotalreenternt of Jumypties ober thg pitegentt bk ent i on,
the puritper : e ﬁ'jﬂjﬁ@i- b Y

impuriti fég in ﬂ{g Oggkggggﬁgﬁggygﬁgfoﬁgﬁﬁh%Q‘t?thleéop%{?g OWllg‘ll? gm% o%félpn% coin
the rest of tdrgont dotv mnaready thebove |lappis , thisi fiéw "is depldaectly poirthd hpdrogas” or

simlar definitions will. be ant .a gas sanple wherein the.total .20 content
of "gaces. or VB S S Aanyen: ok ABGEheigHARy BEGRENTIE P han
this limt. Ryghehmiiie toldlRoh@HEH Bipuritied (Bifdr thalPhitlobérD)Ss hixhbthaRRd T i €d
sanple is lower than 0.1 ppb. Suitable purifiers are for exanple

ni ckel - based gbove fimdt; thevitive is passed througb empurifaper audfieatipidystem) &bbrng o sorb

i oxi de nd b euEe ongpetish T Spimprb e NI e i PR RS

purifiers areyfdp@Rivahiion. f ormed of netal nickel dispersed on a highly porous
support, such as zeolites or alumna, Preferred is the ' conbination
‘wherei n a ni ckel -Hjgaed3 pighemptizes jan IMSc dnstiymsyt &t SRYING Ot e sacend £ or

Sorhea. by n B PR, B SRR DA RERL S e TBRBIREL Y

‘oxi de kept atamalyzer 10 has a ionization zone 11 and a separation zone 12 separated by grid

30 13. The gases introduced inside zone 11 are ionized by means of a radiation

source, for example N1 (not shown in the figure); the so produced ions are



30 tenperature conprised between about 200 and 400 C, which is able to
convert nethane into carbon dioxide and water, which are then sorbed by the
support edywo W93/ U98.1 _g_ PCT/ITO 1 /U h( 1 netallic ni alabrrofocsal |y,
these sorbing materials can be preceded by beds of other materials capable
of physisorption of gases at roomtenperature, such as for exanple

mol ecul ar si eves, which can renmove part-bf the water thus prol onging the
life of the main nickel bed. 5 The nethod of the invention requires the
addi ti on of hydrogen to the argon flow, possibly purified as described
above. As sai g oBY GO zdre BOGibiepNas) Wehly Shelchides (Rotodhofval Bultgblyhe Ar H+
ion, which is capable of transferring the charge to a nitrogen nol ecul e
thus forning plaeed\glbhe thenwallstifdhe $ame tomesgre ereseratef dewarde dstogtat dtittb8 in t he

analysis. It has be found that, in order.t in.reli

r epr oduci bl e Wgﬁ%roggheo}onﬁ ﬁ%tﬂl‘fu%\epfﬂiapm&?n%fst %83@%&% léﬁééoﬁpdvﬁi}gr% ggtcialg nust
.be present i naddiigs. Minet W& ofdasticiHiwaEdsetle tdeteblde i@ Blalved iddwnnduemouthe of at
| east 0.005 ppnv. The upper limt of said quantity is not ri idl‘y fixed,
and coul d 5r eaptesexisowf a1@D Bweve 12.nwhich cam sithernflaw i dirpgiion GonEar fosth§sed

al so for anal yses other th FL1.0 I L hi gh
quantities of M’Hﬁ&? oogelﬁmf ﬁ&égv%rsa&ﬁgnagré(r)%é{ec%ggdn%s%é@e’[d?%grse g{;? %trggqgg%g ing to

anot her anal ygjllowis®. Théinsirimehabe poreigorblle jositddddrivitgpfem line 15,

guantities such that the concentratjon thereof in the m cted to

) ture subj

anal ysis is | ondhe sidarofathe detagtop, whieh, is abquslyr Becaseyy By thepease tg&.‘tjlt pmv.
These concent i 0 i KRB0l I LR%it e argon
fl ow, possi bl é&&sﬁﬁsgg@%%%%gﬁ%&lﬁe%ggg“ onegtgg{f)v,' I@m%%%aﬂghﬁhéﬁlﬁgégoﬂr%t ai ni ng
20 hydroggn i garfie@ont wilet @Mt iavgonyatmbipher, fios 35 lid anyvaryuseessarytiooeder
cont ai ni ng hydr Oﬂen in heliuy because this |atter Vgas annot be detected
in an | M5 analoygliew glgenpgeie 8 EPRFGEN (FRe i sh s f O i fapent arﬂy@g@ .
hydrogen/ ar gop 0k I} 45986 INehES to4R iﬂbt’fﬁ:ﬁéﬂ%?l@}éﬁﬁﬁ&%ﬂﬁ%ﬁé fblelecaical bighdle in
cylinders frompure gas suppliers at prefixed concentrations. As an
exanpl e, by ugégatad by diiodrtevta@rigdire spextramd 7wihibh Péprdseptsrthe afalysiciresgén, t he
concentration_of 0.1 ppnv of hydrogep inp.th as sappl e ich iis seat to
the | M5 anal ydPs 528 tabheam@ﬂegys d?&?‘ﬁ’@e‘?ﬂ’é tg? SXﬁ?‘f‘ofﬁb%‘gH%F@E%&me ggd t he
hydrogen/ & goﬁg@&?&h the E&o&x@%ﬂngo&ﬁént SMd BHShivon, 'tHehga§ sﬂﬁ%l€$§§lfbyedtéﬂaﬁ) t he

y X

addi tion of hydrogerm introduces no inpurities in the mxture. I'n case that
the rati o betagsnl tiedysis. dbms fal weultsootbthiBtricd test it étd defaaningrb thet e aggon

[0 agsuns 1 naEHEREE disoneiea s hyBF agen i ok eltRAY Sois BhriBaf it °

PCT/ 1 TG / 00S( Wi, 8B4k 1si @@ctell Riopg line N8G aMaeghss Hyldeogeanmaition donning 20.es
contai ning hydrogen the inpurities are generally ,preégrgé at | evcij s | ower
than the ppm 2athé sent 1o the ghalgzer 10; Bithe fisl fest deteimipeschache Ao BilBEdSe on the

contrary, .in ¢ hat [,d b0 .l 0 ' | y when
thi's 1o i Bhor RGP uBnOfE sGRE ebing BRGNS, I e, QGBI STHL Y e
cont ai ni ng hydireggna putificaishtsekibe 1pucaphble v removipafibincthe argonialllpases err

renovi ng systens; for this _B_urpose. it is %gssi.bl e tofuse_ UEoifi grz of the
type with wat dAPUIROcE dhansiftpesns SiaHaR 4 BR DEifesingls PYFigOTRY HImsH of 2

eart h-al kal i - al i i gd Ui isqenof the
type with phyglglfl:‘%l oégé%ﬁlﬁgfégﬁgﬁlgﬁfﬁ%@aﬁiﬂagye?ggéa%gﬂ%hegaddi tion of
hydrogen to t hionglieuSs, isadditiossranijiz bydrogen feHl srobgh Ling 20 antl isgherpsenhitans of

hydr ogenat ed non-eyapo .8 trer_allo kn ip.the fi.

al loys). Fhe ﬁ@eﬂﬁxﬁyi@l’é“\?ﬁa@aw%°éa%fﬂl trﬂ%‘ﬁ%} Ppplﬁ 116¥e8g§111 gs ol?e%g#!%ai n the
vacuum or for M ngaltRCample COMEInk VargBAS @StrddefMand dWRreenemithoanment s
of inert gases. As known, these alloys irreversibly sorb species such as

water, i5 oxydeputies gabliresdiand20 nmst inrfheit Biie cerpg ToRESWBbly tHUESBFCEiy dr ogen

is reversible, d the gas sor ' . caR. be
then rel eased P ?yne}nétag?rﬂ%nsteh@ﬁgeera\rr%ué{f%% ﬁé:%&g#@%}@%%ﬁd@ﬂ@g%@%\é%ﬁgi | oy
presents, at apyided, emeNMTAEsAIN8, 181, t8asmic2 R ategiréferabyuinbddadcarding essur e
of free hydrogen. It is therefore possible to carry out the ad&iﬁtion of
hydr ogen 88 t%bem‘-}@i tpebniguesid PaFRaAFsRCioloys B hidhegemerally il ReEse Pt oy
"charged" wt ' ' | &IRe Rom R

al | owi ng pur e%%lgh&ggl@%g{ggﬁsgﬁ ﬁdggv%o%?l%iet%&k%?/@slﬁﬁ abl yﬁsﬁﬁe%glrjl ating the
tenperature of the alloy and the noble gas flow it is possible to obtain a
m xture of hydrogen in argon or helium having the desired hydrogen
concentration. This way offers the advantage that the so obtained m xture
25 certainly has the purity features which are necessary for the nethod
according to the invention. For an illustration of the principles for
charging the NEG all oys wth hydrogen, and renoving therefromthe gas in

. Y T T - ) a1 T




WO 112/ ~1198~ -11 PCT/I1TO 1 /0115C 1 according to the typical procedure of
this technique, that is by enploying in the separation zone of the IM

i nst rumeniygodiidooy of a gas which does not interfere with tieE/measesse havi ng
direction contrary to the travelling direction of the ions. . This
counter-current of gas is indicated in the field as "drift gas", and
preferably 5 consists in a flow of purifB8ed gas corresponding to the maul
gas in the analysis (in this case, argon). In the particular case of the
present invention it has been found that the analysis can be al so effected
by operating WitAgvaldo@HEAAmENinks. - In Thik Smdblifenaticigepe b tieviavaitRmedur e,
if applied to anal yses other than the one object of the present to

i nvention, brinxys bt ooperated aacconsiinge o ney fodd-back medalitys apnpertingsieciMSo t he
standard procedure with the drift S:. 0N C rral jfic
case of the ah‘é??"%’ieﬁ% %’f a”ﬁ??ﬂ%é’#@%@? 5@%"& ggg%rcgl {ﬁéﬁ{hé vtah}gs tSé]gSs z‘ff éild
invention, it qRagabaRiw fOeRMLVESE tol Hies popRerabi e the Opeitegen additidre sesppl oyed
obt ai ning good analysis results, In particular, it has been found that by
operating Wi t lHepanding: omthgrtasutbelethe iIMS trig) test: Valvesiiranda¥y marpdedeplacad r ead

by the detect r ondi . di A r t i re
readily to an%gq%yl%ﬁ&uﬁl}gﬁ%ﬁuﬁgpghpt@#n%g? rﬂio%elh?agg?sgwgﬁa yoslﬁg)? %ﬁnﬁe
ot her hand, iftydi@s. been found that analyzing the nitrogen content in argon
by operating wthout the argon_ drift enhe%nces t he sens'%bl_ill ity towards

3\

nitrogen, thus inér 8¥eAgior nmpkEmRaning dhy Tespambodimerisohihe methed: Hothe The
preferred 20 i i t i : eadi Ng; rin
t he anal ysi s ?@%ﬁg&%rﬂg{;ﬁ%ﬁgglp?yohﬁg\f}g b§’ %ﬁioggglrlsel‘g%éﬁg%; gg‘df];a%lﬁ@gﬁ%?%e erred
to have the pdssidiohisyytemfcottgirBitigithgvdivesgor apmivalns netns)iahd tigeb8’. 1t is al so
ossible to conbine the two operati es, by first carrying out a

Pqui ck" analysis MQnEV%rrr@J&ﬁcgﬁlW)eﬁgﬁ%@% %tyl?ﬁ qamﬁieqptisg%a@?%@{aé@e to
resort to the fielihd bindELIRGsR i BRIAGN HRF KiAnOse b HUARENAGH, 1P

detect very | ow anoun I'S gas. e ITnvention w further

i | lustrated byrddnaofavbidothiah gheeopaemptative nieaswak loftthis gasl ik afifertgdt Bsnast(teot h
tests representative of the invention t hod,. d conparative tests, which
are not repr e;P@H’tt%ﬁ oyt P Woﬁ?wﬁgs faVé)‘\lﬁ%gef aﬁfangto @e rﬁox‘fqlﬂ_ &ht ering
the anal yzer igmkephe Q48! tothR sBroed! dddeesidBeihelFiphititatiohBatufRivaat dwingd0 Of
the sanple is carried out by neans of a radioactive source of 63Nl. The

i ons formed areeinbfe Fat theephirposes (06 thgr prasenhinventione the peifigranudt heradds tq s

lled th WO Q2/-1098. .t -12 PCTLIT(11. /UUSG | | qui '
ot rance | nt o EHENEE R HE SR A iniEitsh A ahs St b e0th e
potential is qf2RQoWEChASEGRBIS thelfest bfthe 8 afid i the Théms, o8itls “satnpldief

follow ng exanpl es are carried out with an INMS i nstrumeg; gavj ntg a
separati on zonarified gay ovigsimilar definitions willshesmeant agasespmple: Vosrew) Be totrL ol

e 12 S0l P BTN R e Pl boen
this limit. Preferably, the level of residual impurities in the purified sample is
lower than 0.1 ppb. Suitable purifiers are for example nickel-based purifiers
which work at room temperature and are able to sorb a broad variety of gases,
particularly water, oxygen, carbon monoxide and dioxide and hydrogen, but are
25  totally inert towards nitrogen. These purifiers are generally formed of metal nickel
dispersed on a highly porous support, such as zeolites or alumina. Preferred is the
combination wherein a nickel-based purifier is preceded by catalytic materials, for
transforming some entering gases into species which can be more easily sorbed by
nickel; for example, it is possible to use a bed of palladium oxide kept at a

30  temperature comprised between about 200 and 400 °C, which is able to convert

methane into carbon dioxide and water, which are then sorbed by the supported



times of flight of the species present in the tests are generally conprised
between 15 and 30 mlliseconds (ns); in particular, the tine of flight of

t he N2H+ WOP24898dbout 20 ns. The result of all the tests @cHireasenpl es
are given in graphics show ng peaks of height corresponding to the
concentration of a given ion as a |0 fungtion of the time of flight

thereof. The intensity of the peaks is grfven in volts (V); the
transformation of the current directly neasured by the detector (nunber of
ions which collide on the detector per unit of tine) in volts is operated
by the i nstrumetalicehickdlr Binalty, thaseaotbingimaletials ten B& pRiveas] HLYERIIT Jhagur es
3.a and 4. a, g@ %%ged views. of detajls of main graphics) there is

indicated, in sHohA Sn@el_’]iﬁlmtw_ne%fcﬂasﬁ%&k roqm degperaBsposiehnas faon.
L o kg mdluliRliel auith b rGRERA B HALE! Sl BEIGIAEREY Of

the method according to the invention in detecting traces &n (in
.concent r at i onliferpftheempiamigkebbed. he ppb) in argon. 20 The first test is

carried oyt by s i ng,.t e anal ysis argon containing no nitrogen,
wher eas i lé te>s/t segﬁje[ ‘619%1°§r°§ ?ﬁ'ﬁi"?’?tig?&erﬁq'mfgttﬂ? %‘fd?%h?%bﬁﬁrﬁ’@emﬁéh%a@mg
quantities of flgw} pOeRIy Pireicina Jes8Gbeddbole As p%g,irl o3h id 2ddRBhedNdm t NESE

tests are carried out wth static _grgon atnos I'IT the separation zone
of the I M5 i nemurmose of fomirg the Adhdon, whiph i9&aphble alf tranéferrimasths chirge ! uded

Lotting it tnPanBhanIcblE sRR B Mol Pioh ik i e Shetics el of
PdO bed kept ddtec2ainCthe amdlyisize [tSRA0MN Fhudt &€ lin BES! tokSkin glim@%
|

tenperature on silica. After the purification, the gas is a tlone% W th
an ar gon/MRydrisgedueible measures of theowantityi of witrogent laargon, hjdrogasmusi be

m xture the entrati hydr ogen i.s al ways 50 b.. The foll ow ng
table reports t %Se)lp:ﬁ‘lntﬁlép ﬁ%@g%%ﬁ%arsa%ﬁggﬁggﬁo HeranalyEr ﬁmQE‘ngtaéé‘ia.St 0

02/ ~098~ PCT/pphht. The/upb&Snit of $8d HaktRy Is RSN FRE€ MR i

(ppb) 102336491512615 The result of the six tests are given in a graphic in
figures 4 and!® BPmY:lg the casesHighdhe metramp| istusedhlse fof andlpsesiothdrethtns; t he
peaks at abo : i r rihuted he species H30+ and
(H20) 2H+ res gielg%eﬁovfg?@g&?ﬁg a?)%‘ogg g%clge gf E{g%‘e%ugn?t\lfe\ﬁ Oig%@ﬁoésn ' vohzgé lengen

resi dual 16onodernimt tines béforebpusting 17 ap@heodnalydiseso thabitChNCRNpERIEANE tf F om t he

degassing of t |Is of the.instrunent itself or of the pipes, or
9 9 adlaeh}yg?ogen m quantities such that the concentration thereof 11? the mixture

subjected to analysis is lower than about 0.2 ppmv, and preferably of about 0.1
ppmv. These concentrations can be obtained by mixing in suitable ratios the argon
flow, possibly coming from the purification step, with a mixture containing
20  hydrogen in argon; alternatively, it is possible to use mixtures containing
hydrogen in helium, because this latter gas cannot be detected in an IMS analysis,
and therefore does not interfere with it. These hydrogen/argon or hydrogen/helium
mixtures are commercially available in cylinders from pure gas suppliers at
prefixed concentrations. As an example, by using a hydrogen/argon mixture with
25 1 ppmv of hydrogen, the concentration of 0.1 ppmv of hydrogen in the gas sample
which is sent to the IMS analysis is obtained by mixing the argon to be analyzed

and the hydrogen/argon mixture in ratio 9:1.
Obviously, it is necessary that the addition of hydrogen introduces no
impurities in the mixture. In case that the ratio between the argon flow to be
30 analyzed and the mixture containing hydrogen is high, for example higher than

1000, it is possible to assume that the addition of hydrogen introduces no



froma non perfect renoval by the purifier; this value of about 0;7 ppb of
wat er represent a practically unavoi dabl e "background” at the conditions of
t he testswolpooddie peak of the species N2H+ appears at a tagmaTofodsbi ght of
about 20 nms, as a shoulder on the main peak corresponding to ArH+ ion. An
enl arged view of the graph of figure 4, centred at 20 ns is reported in
figure 4. a, and shows the detail of thelOelevant zone for the analysis
centred around the peak of the species N2H+. The nunbers of the curve in
figure 4.a correspond to a test nunber reported in 15 Table 1. As it can be

noticed, the jpheiRRk!hiPls BagusBankh® comfrrdilatixegedNeditainingr Bazegen thea
monot onous way at the increasing of the nitrogen concentration. In figure

4, with the i hopuwitics raye generaldy Ressentoatalevelsrlowen dhasthy nrayuang withchighsi ng of

the intensity,qf..the Arbt Kk (far.t. I 0 sl N
figure 4 are ﬂ’g?tl%ﬁ‘ﬁ%#%v& 1 Bg‘% ne% ﬁ%gllélE&' g’g‘ﬁﬁe ?‘Ssntgr?!raiidrlrbc?ﬁwi é\lgf%ag&jgéégilsof
.curve |, absensger@#han2®00] dndageitulapierBasthizus keved tha@dsd0dit ogn bé eroferableum
concentration of nitrogen corresponds to the m ni mum hei ght of the ArH+

peak) . FXAVPLE purifi atshitke mixiirp centpiningshyslegen ayidpuitable grrifigscndartigulalt 1 i cacy

f th thod ..\ .02/ ~(198~ - 14 A l i '
ionven'ta i (r)rﬁ dgpgﬁt&%ﬁergﬁnW§ﬁ%§te%§’ fﬁgﬁlél M%%’ 1&({5 a%%l%) Ilegﬁﬁg%ﬁ%ﬁ%ﬁg g?g%ﬁ drift

i s establishegpeRhigh Waker cRahisalagoeptivar bdsedl on dlie wdet f uoxide ofa iearth-afkaline
sanpl e gas as described for exanple 1, by sendjng to,.the analysi s .a gaseous
m xture cont artal gelegied grong caleinms siseptimharfl basiughpr of the\ PG ER Physictlest 7
an argon driff{ i |1 j.a the separation zone of the IM

i nstrument, V\I"E'I%l g%@’%?l%}?%telg@e%%%b%ger%@ in said zone there is a counter-flow
of argon gf 0.25 IThtedditioh ofihgirodénetot ths miximsaiot i amakyzed par tled be wafriegur es 5

and 5a. Also in this case there arfe the peaks corr.espandi ng. t and
(H20) 2H+. The 0%%@@@8@&1@%%?@%\7?@@51&3% BT ﬁﬂfoéfg?‘@oé‘f"gl)“ tlc’)% E?ﬁ;’cts in
test 7 (witho Eégﬂgsﬁrzﬁgm A1BSE Gre iR 1588 1P ARGrOh drB&: HhARRAL theof the

peak relevant ' to 10 wth respect to that which is obtained in test 8,
W th argon dr vhéuunEXAMPLEM8viGEEPARATIeYE) veAgrséVBomnizd s drsemiroamenist ofr e

contai ning 10 ppb of nitrogen d 2 b of 15.hydrogen in argon is, carried
out. The init R &% @S_(]éq%d‘ﬁ‘nﬁﬂ?sﬁﬁl il %e%?rax})gyﬁ?rﬁssqe%arﬁufzﬁeag) WEST,
subj ected;4o %_x?éhlrn' & &ﬁ%dﬁod}idés?@hﬁﬁ@koxﬁfary fheS6AtRInCof hy diiglen i eevyshlegen

concentration 15 | ower an the m ni num anount required according to the
i nvention. Thend ebel gas oforhadeatt exdativedy deyotermparatures icaurhs thenarelgascd dyy

be
noted, Poake  S4SehRe2f WiRRHREPE Brohgh! RS, NELEY) pUBd el o) o
vertical segnmeghperitif, RRRKaGBMGtRPONbre pressulteof Bee Narbgetdokds tharefappear .
e o b 60 svay G byadaiion of hydiogen 15 the Taxtae fo'be aaryzbd vt
nitrogen in apgssbledo eyay owtthey: ydrog y
20  IMS by using a NEG alloy “charged” with hydrogen and maintained at a suitable
temperature, and allowing pure argon or helium to flow over it. By suitably
regulating the temperature of the alloy and the noble gas flow it is possible to
obtain a mixture of hydrogen in argon or helium having the desired hydrogen
concentration. This way offers the advantage that the so obtained mixture
25  certainly has the purity features which are necessary for the method according to
the invention. For an illustration of the principles for charging the NEG alloys
with hydrogen, and removing therefrom the gas in equilibrium conditions (which
are outside of the objects of the present invention), European patent EP-B-716772
in the name of the applicant is referred to.

30 The so obtained mixture, containing only argon, nitrogen and hydrogen, is

introduced into the ionization chamber of the IMS instrument and can be analyzed



2s For evaluating the effect of a single inpurity, a m xture containing
nitrogen in argon is first purified according to the procedure of exanple
1, and sutsrauwessl y additioned with hydrogen and C02 in swdrahthpooset
concentrations. Three different m xtures of gases so produced are subjected
to M5 analysis with no argon drift in the separation zone. The anal yzed

m xtures in the three tests are formed ofl argon 30 (main gas) containing
500 ppb of nitrogen, 500 ppb of hydrogen and the follow ng concentration of
C02: WO 02/~0"18~ - 1S - test 9: O ppb; - test 10: 3 ppb - test 11: 9

ppb. PCT/ITtl laéc@?dix%r t6 thel icﬁl?ﬁ;'é!&&AquE of thes tBhSigud, ¥t Ss BY @nipRINHd BftHen @

graph in figure 7. The peadk o rH+ is not present in the curves because,
Wwith 500 ppb edparationozpae ol B8 ringyaument adlaw afefgas vdiich deesalohinterfereom Ar H+
to nitrogen is. al . The.curve.relevant ta test 9.(w t.ho addi tion of

o) showe . SerahEmisasite S6tnk Spkiieh i RRismib i A b 35 6RE oo
this becones ThR duafeeinchi?eas RSinfiested & HeVfidld ab hérift Rasgeand prIf&hIl ed
fromArH+ (curve 10) and already in these conditions the intensity of 1 o
the i on NZH+ pensisthistaBley of puriliedseas conpspending 3o thermameas ithhe apadysis (in
concentration ogcagoué |/ 50 of the present nitrogen, the peak correspondi ng
to N2H+ di sappiaf®SydBMe 11 ). EXAVPLE 5 (COVPARATI VE) The effect of

traces of methanelpehd patiadlal it ofahe Pidsé@di@nedtidnait $ad beén fdun@uahiugeed,
Three tests are carried out (Wth the sane procedure of exanple 4)., The

content of CHanalypis pan bmalsy ederted it opeseting withut op aegont dsift. Thisalternativgr 12: 0
b; - test 13; 3.ppb: - - 0 |
P reported TRrairBoRedoh i anhfted f ARRsé oMUTHEEH S oBfect e BESE P10

met hane agdedinveiigmg brihgs id @REar PeaEnwQrofahe esdith githaedpaet foahe MAkdardW t h 3

ppb of CH4 (curve_ 13) .the charge transfer by ArH+ takes inly place in
favor of the RECAMHE Wikdak daft 2a%onithe eontigyy, am therspect lﬁﬁﬁgﬁgtﬂﬁﬁ aB*I‘*‘g‘ts%fé’fpeak of

e o N2t RGO, S SRES gl Bl e, (40 Vel Sl 2 25
cor r espondi ngoparatNaHHprocduger actyi bal énypldyesiambexningl. gdodAMRLFsIS EQUSPARATI VE)
The e fect of Lrages el reLerp rtentl onall sdded o, concent g o5 gher
arzg 30 cafq i edrfufas) Whd Rignhe r38N®y ROGREUEE cOfrePOAMRE Qo 4he diFGeRONGRNt Of
present comes more readily to an equilibrium, thus allowing a more rapid
analysis; on the other hand, it has been found that analyzing the nitrogen content
in argon by operating without the argon drift enhances the sensibility towards
nitrogen, thus increasing the analytical capabilities of the method. The preferred
20  operating mode is then to be decided depending on whether in the analysis it is
preferred to have a quick response, or it is preferred to have the possibility of
detecting lower amounts of nitrogen. It is also possible to combine the two
operating modes, by first carrying out a “quick” analysis (with argon drift) and, if
no nitrogen is detected, to resort to the no-drift method to confirm absence of
25  nitrogen or to detect very low amounts of this gas.
The invention will be further illustrated by the following examples. In all
the following tests (both tests representative of the invention method, and
comparative tests which are not representative of the method) the flow of gaseous
mixture entering the analyzer is kept equal to 0.5 liters per minute. The ionization
30  of the sample is carried out by means of a radioactive source of *Ni. The ions

formed are neutralized on the grid until the potential thereof is annulled thus



intentionally added in the analyzed m xture in the three tests is: WO
02/.~f198~ - 16 - test 15 ; O ppb; - test 16: 2 ppb; - test 17: 5 ppb.
PCT/ 1 TO1 ylbRoesk The results of the three tests are repomrcadroiodsaph in
figure 9. In the curve 5 relevant to test 15, obtained w thout -
intentionally added water, the peak corresponding to the ion N2H+ is the
one having greater intensity. Wth 2 ppB2ef H20 (curve 16) the two peaks
corresponding to the ions H30+ and (H20)2H+ becone dom nant and the
intensity of the N2H+ peak is reduced to one half of that of curve 15.

Finally, w th)Babaef: igdncelilRithé SeparabioR $ORY; KR #:88 oPhnrkrhe oFthdloh®

respect to that of the present nitrogen, the peak of N2H+ conpletely

di sappears. Astarial édobyp0faaiesosedontihéps)einudachk tedt. The testpof ted fadboavipg es,

wi th the nethod afcordi ng to the invention it i s possible to carry out the
| VB anal ysi s @emplesass cgfiediont Bk an IS pgapment hayue: 4 sqpegtionzage g&tthod of

analysis is Cl@f?%,géﬁllgﬁmgﬁ%?fﬂfei 408e13r2RRP ef@&ii@éltﬁé?@??ed.}d}ll% 998 vardl. Plom

di scrim nating erent nitrogen 15 concentfations in the range of
concent r atsi oniadicative Rrelimirkby pgsts it hagbeeasfodndathdt #h thpse éanditioms theitypsaadl [y in

the | M5 anal yses, | his case.the sensibility of the nethod be
i ncreased byy%%sr%\étfﬁllﬁét ‘&quﬁémc“’é BReReRt lgrtg“p??s"a?éfef geqef?%tyhcém%lﬁﬁ‘f%}lwﬁﬂl zone of
the | M5 instryygpnf 36 Hiﬂiéé&%ﬁ%i(@%iép&)ﬁculﬁtgw ﬁm_@bdéeﬂﬁgl 2 Rebf AkagHignngcessi ty

of addi ng hydrogen w t hout it’1s not possi o detect nitrogen in
argon in 20 cahouedd mat. iThesresili ofi allrtbe itestst efatheemriniplesdat exivarbinegtaphioper at i ng

according to the,inventiaqn.. Figures 7:9 denonstrate.finally that | evels of
i mpuriti gs of$ Wéngbp?f’gﬁ og@eglﬁég%ﬁpagcgn%?ﬂ ﬁ%c(ioé‘ﬁ?m"fagpn rogd‘u%l?’?fblocﬂlr Pnftically
the sensifpilifycitin §int MPoRAlLA ﬁlefeafmlleriﬁﬁﬁﬂryotﬁttﬁsbw&istgmtﬁ ﬁﬁ%ﬁéom si ng

the possibility to effect quantitative analysi$; and that, W
concent r at i on®d)ptheSrapsformatiomobihe (cltreaiditgctly easired bydhe dgeetongwnbent i on)

or around 10 b (1/50 of..1he pity n_concent raty.on) .i e ot her
Cmpur 41 es, atagnt ReRheSlidsh B EBUBRAPOGEN iRt Babds bGERES Ot

anal ysis of nintt@E&N diEctdn@OBystdnh hId BB th&prappidio@xtépt! gdres 3.aM@nd3RO~X. ~
-17 PCT/ I TOL/ 005GL CLAIMS 1. A nethod for nmeasuring nitrogen concentration
in argon by nwdargedviewsmif Astails of msn praphicg)jbeteris sndieared dBPIePARIRR st eps
of : - prouidi al yzed wherein the total

concentrg’t\éi On\gg]il%%%%3}1%%%%@1}&?%%%- nitrogen i s not higher than about 1
ppb; - additioni lgXAMPDBdAN to said argon flow in such a quantity as to

reach a concentration of hydrogen in the sanp]e to be_anal d co i sed
bet ween 0.005 and>F0OsthAFe ci‘fé\egrﬂ“ﬂ‘ﬁl&ﬁd%ﬁo\ﬁd ;&Erfgﬁgacéfnélz';]firﬁag&ie so

e, X gl GASES M, ML TEAIC S0 (o
range of the ppb) in argon.

20 The first test is carried out by sending to the analysis argon containing no
nitrogen, whereas in tests 2 to 6 argon/nitrogen mixtures containing increasing
quantities of nitrogen are analyzed, up to a maximum of 15 ppb. All these tests are
carried out with static argon atmosphere in the separation zone of the IMS
instrument (no drift condition).

25 In all the tests (included the one with pure argon) the sample gas is purified
before the analysis, by letting it through a two-step purifier of which the first is
formed of a PdO bed kept at 250 °C, and the second of nickel metal kept at room
temperature on silica. After the purification, the gas is additioned with an
argon/hydrogen mixture in a flow ratio such that in the resulting mixture the

30  concentration of hydrogen is always 50 ppb. The following table reports the inlet

concentration of nitrogen in each test:



inpurities other than nitrogen not higher than about 1 ppb is provided by
passing said flow through a purifier or a systemnade up of nore purifiers
or purifiwatdzamgaeds. 3. A nethod according to claim1l whexEirotAusear gon
floww th total concentration of inpurities other than nitrogen not higher
than about 1 ppb is provided by effecti ngila prelimnary | M5 anal ysis of the
argon flow to determ ne whether said tot&l~ concentration of inpurities is

hi gher than 1 ppb, and if said total concentration is higher than 1 ppb,
passing the argon flow through a purifier or a system made up of nore
purifiers or purification beds, while Thblgaid total concentration is not

hi gher than 1 ppb, directly effecting the addition of hydrogen to the argon
flow. 4. A nethod at‘ccordi Mgt O Cl aifm 3N‘Pb9§‘$éi‘lt&ﬂcé}ﬁﬁ?t'itﬂi @b?]o al feed- back
nodal ity, by conneclting an | M instirunent To autonmate ahs that,

dependi ng on the output of gthe prellimnary analygis, is capablpe of
.ccontrolling the direction of the gds flowin at least two different |ines
of a gas lines systiem wherein at lleast one of said |lines conpfises a gas
purifier or purification systemand at |east another |ine _does| not conprise
such purifier or purificatidon system 5. A nethog according tof claiml
wherein said inpurifties content is{lower than 0.1 pph. 6 A nefthod
according to claim|l whereidh the pyrification step is carried jout by
enploying a purifier_based on nickel netal kept at roomtenperjature. WO
02/.1098-4 -18 PCT/|ITO 1 /Cﬁ(l hC 1|7. A nethod d&cor di ng to "cllai m 6 wherein
the purifier conprijses—netalt-ec—ni-cgkel—di-spersed-on—a—porous—support. 8. A
met hod according to| claim & whereirj upstream thdSpurifier based on nmetallic
ni ckel is enployed 'a—bed—ot—a—pattadium-ox-de—kept—at—a—tenperat ure bet ween
about 200 C and 400 C. 9. A nmethod according to claim5 wherein upstream

the purifier baseth®resiRlbodkie Gix Mstleet given MPLAYER iA sPARY 4.8/ Figageabl e of
sorbing water vapor at roomtenperature. 10. A nethod according to claim?9

wherei n such tahews Becompipteratos pf Bie sixstests|tee pralip ababoue $6.5 pad 135788 fred

according to r h n Ie to be
anal yzed |5ts I g@%ﬁ?ﬁgb&{ie%ﬂgopéﬁé a?gﬂﬂiof?é ?%Itlggl§ ggr QPESé n"% Oﬁﬁgl m 11
wherein said eongwoies & dito Iaaeﬁwbo&aﬁxrﬁmmofa&ute m@ﬂn@celqwmblf@nt 0
claim1l wherelnthe step of additionin dro en to e sanple of purified

gas is carri ederdfrom th@ degrssing Oqu\a%J?Seo rihe F@tfﬂumo‘\F\?eEﬁthféh‘Tonerl ®&d

sanpl e gas an I 14. A
rethod accor drsn ¢ SO Pl SHGIAMMELIRRL I VAP REALIR DA RLIMIE.
argon to be ar&pkqszmda argititdlly thaveidabler{pdclpgamdiragdie oonditiehsoofethe Hedts.um

mxture is |lo 000, i ixture is purified with a stem of water
R e T RN p U R S g ) A
oxide of a al KlﬁJdlde?%ElttBe @ﬁlﬁgeﬁﬁbﬁ%ﬁ&cﬁﬁ?fbgm Fdnumn Sfl4x g&! e of gHear i um

are enployed 1 n said system wat er " r enoval . met hod according to
claim1 wher egnphlméﬁguw ofentrettiatt 20omis mgrepymd)gdigttr@4tahen¢ahqwse:hcfdepdr| fied
gas is carried,gut r heliumo enat ed

non- evapor abl & lgtrFlgyalﬁlzPB?Hﬁé%f gré?{llys&qepgﬁc? grop ’gr Pg%‘easﬂ?amﬁ%lh}izﬁl ‘oni ng
the so obtai ngde MnfibbfseofOthe RuAEOE S 4R Rs AL tbQ febembAber Fepdridideint 0 be
anal yzed. 17. A nethod according to any of the preceding clains wherein the
anal ysi s &t epTeblechrfs édcaupe motlégd,albwsthm@ @ﬁﬂlehheaéie thet snseies AWl of t he
Il\/Blnstrunen 0 r r i on of
the i ons. 16, st noRb A AR A0 isaitnd B AT bl Gl Blialy,

anal ysi s st epﬂgﬁreGElW1thetﬁe increasing of the N2H+ peak corresponds a regular decreasing of

"+ ]

the intensity of the ArH'" peak (for the sake of clarity, the curves in figure 4 are
not numbered, but the ArH" peak is maximum in the case of curve 1, absence of
20  nitrogen, whereas cutve 6 regarding the maximum concentration of nitrogen
corresponds to the minimum height of the ArH' peak).
EXAMPLE 2

In this example it is evaluated the difference of efficacy of the method
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The result of the test is reported in figure 6: as it can be noted, peaks due to

20  the presence of trace water (lower than 1 ppb) are present whereas at the time of
flight of about 20 ms (marked by the vertical segment) the peak corresponding to
the ion NoH' does not appear.

EXAMPLE 4 (COMPARATIVE)

The effect of traces of CO; on the analysis of nitrogen in argon is evaluated.

25  For evaluating the effect of a single impurity, a mixture containing nitrogen in
argon is first purified according to the procedure of example 1, and subsequently
additioned with hydrogen and CO, in suitable concentrations. Three different
mixtures of gases so produced are subjected to IMS analysis with no argon drift in
the separation zone. The analyzed mixtures in the three tests are formed of argon

30  (main gas) containing 500 ppb of nitrogen, 500 ppb of hydrogen and the following

concentration of CO;:
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10 the ion NoH" peak notably decreases. With 9 ppb of CO», that is a concentration of
about 1/50 of the present nitrogen, the peak corresponding to N,H" disappears
(curve 11).
EXAMPLE 5 (COMPARATIVE)

The effect of traces of methane on the analysis of nitrogen in argon is

15  evaluated. Three tests are carried out (with the same procedure of example 4). The

content of CHy in the analyzed mixtures in the three tests is:

- test 12: 0 ppb;
- test 13: 3 ppb;
- test 14: 9 ppb
20 The results of the three tests are reported in a graph in figure 8. The curve

relevant to test 12 (without methane added) shows an intense peak corresponding
to the ion N,H'. With 3 ppb of CH, (curve 13) the charge transfer by ArH' takes
mainly place in favor of the methane (peak at about 15 ms) and the intensity of the
peak of the ion N;H' notably decreases. With 9 ppb of CHs (curve 14), that is a
25  concentration which is about 1/50 of that of nitrogen, the peak corresponding to
N,H" has practically disappeared.
EXAMPLE 6 (COMPARATIVE)

The effect of traces of water, intentionally added in concentrations higher

than 1 ppb, on the analysis of nitrogen in argon is evaluated. Three tests are
30 carried out (with the same procedure of example 4). The content of H;O

intentionally added in the analyzed mixture in the three tests is:
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& ()- H,0 (curve 16) the two peaks corresponding to the ions HiO' and (H,O)H'
become dominant and the intensity of the NoH' peak is reduced to one half of that
of curve 15. Finally, with 5 ppb of H,0, that is a concentration of 1/100 with

10  respect to that of the present nitrogen, the peak of NoH' completely disappears.

As proved by means of the results of the reported examples, with the
method according to the invention it is possible to carry out the IMS analysis of
traces of nitrogen in argon; in particular, the method of analysis is capable of
detecting 3 ppb of nitrogen in argon and of discriminating easily different nitrogen

15  concentrations in the range of concentrations form 3 to 15 ppb (figures 4 and 4.a).
Further, unusually in the IMS analyses, in this case the sensibility of the method
can be increased by operating without a pure argon drift in the separation zone of
the IMS instrument (figures 5 and 5.a). Figure 6 demonstrates the necessity of
adding hydrogen without which it is not possible to detect nitrogen in argon in

20  concentrations which are instead easily detectable by operating according to the
invention. Figures 7-9 demonstrate finally that levels of impurities of the order of
2-3 ppb are sufficient for reducing dramatically the sensibility of an IMS analysis
in nitrogen detection, thus compromising the possibility to effect quantitative
analysis; and that, with concentrations of 5 ppb of water (1/100 of the nitrogen

25  concentration) or around 10 ppb (1/50 of the nitrogen concentration) in the case of
other impurities, also the possibility to carry out the simple qualitative analysis of

nitrogen in argon with the IMS method is lost.
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- additioning hydrogen to said argon flow in such a quantity as to reach a
concentration of hydrogen in the sample to be analyzed comprised between 0.005
and 100 part per million by volume; and
- analyzing the so produced mixture of gases with an IMS analyzer.

2. A method according to claim 1 wherein the argon flow with total concentration of
impurities other than nitrogen not higher than about 1 ppb is provided by passing
said flow through a purifier or a system made up of more purifiers or purification
beds.

3. A method according to claim 1 wherein the argon flow with total concentration of
impurities other than nitrogen not higher than about 1 ppb is provided by
effecting a preliminary IMS analysis of the argon flow to determine whether said
total concentration of impurities is higher than 1 ppb, and if said total
concentration is higher than 1 ppb, passing the argon flow through a purifier or a
system made up of more purifiers or purification beds, while if said total
concentration is not higher than 1 ppb, directly effecting the addition of hydrogen
to the argon flow.

4. A method according to claim 3 operated according to a feed-back modality, by
connecting an IMS instrument to automated means that, depending on the output
of the preliminary analysis, is capable of controlling the direction of the gas flow
in at least two different lines of a gas lines system, wherein at least one of said
lines comprises a gas purifier or purification system and at least another line does
not comprise such purifier or purification system.

5. A method according to claim 1 wherein said impurities content is lower than 0.1
ppb.

6. A method according to claim 1 wherein the purification step is carried out by

employing a purifier based on nickel metal kept at room temperature.
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. nickel is employed a bed of a palladium oxide kept at a temperature bctween
about 200 °C and 400 °C.

9. A method according to claim 6 wherein upstream the purifier based on metallic
nickel is employed a bed material capable of sorbing water vapor at room
temperature.

10. A method according to claim 9 wherein such water sorbing material is molecular
sieves.

11. A method according to claim 1 wherein the hydrogen concentration in the sample
to be analyzed is lower than about 0.2 ppm.

12, A method according to claim 11 wherein said concentration is about 0.1 ppm.

13. A method according to claim 1 wherein the step of additioning hydrogen to the
sample of purified gas is carried out by mixing in suitable ratio a flow of the
purified sample gas and a flow of a hydrogen/argon or hydrogen/helium mixture.

14. A method according to claim 13 wherein, when the ratio between the flow of
argon to be analyzed and the flow of hydrogen/argon or hydrogen/helium mixture
is lower than 1000, said mixture is purified with a system of water removal.

15. A method according to claim 14 wherein molecular sieves or an oxide of a alkali-
carth metal selected among calcium, strontium or barium are employed in said
system of water removal.

16. A method according to claim 1 wherein the step of additioning hydrogen to the
sample of purified gas is carried out by flowing argon or helium on a
hydrogenated non-evaporable getter alloy kept at suitable temperature, and
additioning the so obtained mixture of hydrogen in noble gas to the gas mixture to
be analyzed.

17. A method according to any of the preceding claims wherein the analysis step is
carried out by establishing in the separation zone of the IMS instrument a flow of
pure argon contrary to the direction of motion of the ions.

18. A method according to any of claims 1 to 16 wherein the analysis step is carried
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