™

4703875 -6
NE'FH(I) AND DEVI CE FOR DELI VERI NG A PURE GAS CHARGED W TH A PREDETERI\7 %E
QUANTI TY OF AT LEAST ONE GASEQUS | MPURI TY TO AN APPARATUS The

i nvention-relates to a nmethod and a device for delivering a pure gas
charged with a predetermn ned gquantity of at |east one gaseous inpurity
to an appar at us, especially a trace-inpurity anal yzer such as

an 5 atnospheric-pressure ionization madls spectromneter. I n
the field of the anal ysi s_of. ver (9 E{ ases, anal yzers designed
to detect M % Qf;d_ggg{mm Ag gigﬁé /\%&q WH ARRI T@lem

10[err] to 10[er /% ONE; K VRITY JOYY APPARA often
used. Such an appar at usg szxcf’éiat{re%t 't%n a@tméﬁ%ﬁ aémilged,e géval S

in order to ensure re accur at e ‘oper at Such

a calibrati &Tr j¢el "c,ed:r%"ﬁgeda PyEe 9asy © ar%eé‘qu‘éh”c’? aFI VPRRAStEEPiAgAt 0 t he
anal yzer firstguankipyr efoat leasteord gpaeocushampusity txayam apparadnsai ni ng

| ess than 10[ersi,1ec.l.§1m9m of | NEidelifBur fE ”&%Ql?zé? caldgfl "qal i bygtion”

urities in | Se known Concentrati ons.

gas gt ai g bng Hg
Sach met ho BBREISVPECRS RR, (londastisn diass sbePEEEmERety anal yzer
havi ng a very hi gh sensini théyfiekhi of ﬁhwwnalysnsdmf:wmm HilghApRF1i€968 i n

the name of (Rasel, &RBhycaPt a&gigﬂéag%oauggg% ﬁ%\ﬁ)ﬁ:egfg%&rguisw' n the

name of the ment

descri bes ‘B’""G@FF LigRE KL% (HARBLS WEFRR 1P qu@ 49s iRPTeh&Eg&YeRi t h
trace inpuri t ifronusig dobakq &r Ypof peenmeditienn usadt r iStghs a2b apparatued in

parallel 4@ a Auyirbar cgu&uiaeyoﬁh& regulHPUEiﬁé eﬁﬁ&&aﬁ% RY @ra@s thach
cartridge contai’hs one us | nmpuri gerat%on Herr]O Jerr], CO,

Jerr], CHer rﬁ“s"lzl'l_eeFF]haE}g accurate o

Such 'a calibration is carried out by
sequentially dellvern.ng to the analyzer firstly a pure or
nzero" gas, that is to say a gas containing less than 1073

15 ppm of 1mpur:|._1_;_;5es__,_,. and then a so-=called "calibration" gas
containing impurities in precisely known concentrations.

Such. '-i'pe_j:hods and such d_eir_ices designed for the
feed of an anaiyéer having a very high sensitivity are
known from document FR-A-2714968 in the name of the

20 Applicant and from document US-A-S 239 856, also in the
name of the Appllcant.

The aforementioned FR .document describes a
device and a method in which a pure gas is charged with
trace impurities nsing a battery of permeation cartridges

25 connected in parallel to a wunit for diluting the
impurities in the pure dgas. Each';_j__ "_gartridge contains one
gaseous impurity, . ‘such as H30, coz','_"_i.',co ;, Oz, CHa, Hy, etc.,
for example, whlch ‘diffuses in very.small gquantity through
a diaphragm for charging the pure gas flowing into the

30 dilution unit. .

“This dev1ce has the 'drawback that each
permeation cartrid?;e creates, through its connection 1line
to the dilutio unit, a bran¢ in which the flow
stagnates, causing undesirable 1nteractn.ons with the walls

35 of the 1line, such as, for example, absorption and
desorption phenomega




for exanple, which diffuses in very small quantity through a di aphragm
for charging the pure gas flowwng into the 30 dilution unit.

.This ‘device has the drawback that each - perneation cartridge
creates, through its connection |ine to the dilution unit, a branch in
whi ch the fiow stagnates, causi ng undesirable interactions with the
wal s 35 of the line, such as, for exanplf, absorption and desor ption
phenonena. - : o 2 I n
addition, these connection branches are difficult to purge,

conprom sing the use of suc ery. rneation.cartridges wt
various kinds of pure g%@esgdal{?gﬁ thes%ﬁ)CJﬁhﬁﬁ%loPh bra S&F Sraf&e of

the inpuritydGEfigulbdtecaurysr Rpronisjagnthe wse Q:%quqqldge bariergs
over ti meof Germeqtbshlyartridies e&eurm SVkliRds WBE Chure Iddes.

conposition of the cali gasy. Kk -degreases, W
Anot her drawback of theﬁééééiékls c%%ne??e Wi *éa é# ekgﬁerdﬁﬁﬁﬁl5y t he

per neat i onScaritreguseds Barongh | @n permeaﬂqn:dg@rtglsgedumqg/ aver
reservoi r whi aiimelcl udefiséuent1yut | ehecl os@@hﬁfd‘ bywatHerrbmnﬁx f Qhe

tho ¢ Teservatbogipigclt’ 8 cdliSHtial Ce%“e B, Qodremes S8 only
permeabl e in time.he cartridge/dilution unlt dlrectlon but also in the
Another drawback of the device is connected with
10 the operation of the permeation;éartridges. A permeation
cartrldge is produced by a reservoir which includes an
outlet closed off by a membrane,_ for example a silicone
membrane, through which the ;mpquty contained in the

reservoir diffuses.

15 However, this membranerie not only permeable in
the cartridge/dilution unit direction but also in the
reverse, dilution unit/cartridge dlrectlon.

Thus, the pure gas in the connection branch can
diffuse throhgh the membrane .-into the  cartridge,

20 especially when the molecule }e} small, such as the
molecule H;. In the course of‘ftime, an unknown gas
composition is created in the . permeation cartridge,
consequently comprom151ng the prec1se generation of a
calibration gas, especially in th case of the sequential

25 use of the device with various kind 3of pure gases.

Also. currently, a procedure is carried out in
the following ﬁanner° by using
mixtures made . up beforehand, ;hé mpurity I having a
content vwhich may be termed intermediate content, for

30 example of the order of magnitude ppm.

Thus, for example, prem bottles containing a
few tens of ppm of CO or of hydroge ﬁ:nitrogen are used.

The'required dilution : ps ‘are then performed,
using the correspondlng pure gas : \ He, etc.), of the

- 35 gas in each prem1xture bottle, 1ﬁ order to end up with the
final mixture containing the impu

y I in the pure gas in
question with a content, for egehwle, of the order of
magnitude of one ppb. )



reverse, dilution unit/cartridge direction. Thus, the pure gas

in the connection branch can di.ffuse through the nenbrane into

the - cartridge, 20 especially when the mnolecule is small, such as

t he not ecule Herr].» In the course of tinme, an unknown gas
~conposition is created in the permeation cartridge, consequently

conprom sing the preci se generation of a, = calibration gas, especially in

the case ‘of the sequential 25 use of the device with various kinds of pure

gases. - Al'so currently, a procedure is carried out in t he

foll owi ng manner: by usi@g ﬁyze gﬁg¥|£g¥¥wtﬂél ﬂﬁJﬁlnﬁd nkﬁggr %Ede up

bef orehand, the. inpurity | content
i nt er medi at e ®F@ceAurer 3s SGWWéQanP§P9$s¥ﬂ% @Wﬁe@a%ﬁeﬁmEHQQKRk;qmtlgnppm
- Thus, for exangd &hepouirsas bptétreSre iidRicdntgnenatiod @F 1S rifkthpEs0f CO

or of hydr ogen | ' The required dilution
steps are thenqnpgrhgobaggg manu;Pac uﬁ’i'e'“‘"cor?pespond| ng pure gas (Ar, N2, He,

etc.), of Bhe 35 gas iASea&®Ipréai xAarument t | BS-ATH or 429 t §5€nd mpumtf1
t he final qéseribesCantniithodd dnde 4 guvidey flor MmdriEapRtneisgs al i:xre

questi on W th GO ea 9ie*FRbE: 18buk D Iohoilraing BIVAYSE & "

t herefore be |‘?ﬁ3-‘d7|ar1@d quaat ifyclpfa gas drﬁ)c%%!‘lrﬂ@dl Fregnivex gas prawioes ;and
causes nul ti pléaat igas of @ﬁlbxhecmlweefaﬂrixﬁmn&@dmoatlaﬁwaéag)n of the

nlxtures 10 The sampled gases are mixed and the mixture
' diluted in a dilution unit so as to obtain a very low
concentration of the impurities in the pure gas, said
concentratlon lylng within a range .extending from 1073 ppn
to 1072 rpm, so as to deliver this calibration gas to a

15 trace impurity analyzer which mnst"pe calibrated.
| The accuracy with 'whiehi the concentrations of
the trace impurities in the pure gas are known depends not
only on the quality of the dilutipn unit but also on the
gquality of manufacture of the gaszmixture. However, in the
20 case of the aforementioned US-A document, this accuracy
depends on the uncertainty in theﬂsetting of the various
mass flowmeters placed in the impuiity sampling lines. By
increasing the number of 1mpur1ty sources and,
consequently, the number of" mass flowmeters for
25 manufacturing the mixture, the .aqeuracy with which the
composition of the gas mixture s’ known decreases since
the uncertainties in the flow rate of each mass flowmeter
add together tofform the uncertaih':'in the composition of
~ the gas mixture:bbtained. _
30 The present invention’
various drawbacks by providing a
delivering a pure gas charge
quantity of at least one gaseous:
which is reliable, accurate and

ims to alleviate these
lethod and a device for
with a predetermined
mpur:.ty to an apparatus,
y_.;_to employ.

35 For this purpose, the: ect of the invention
is a method of delivering a :pure gas charged with a
predetermined quantity of at leas

an apparatus, a_ccordlng to whicl

"__ne gaseous impurity to
t least two different



Iri docunent
in the various manufacturing steps. 5 As regards

[ [ f or
- 39 . this descri bes a nmet hod apd a Qeylce .

#ghﬁfgctﬁgﬁh9826bure gas charged_mnth trace I mpurities, 2gﬁ?£g;ng to
which a - certain quantity:- of gas is sanpled fron1t2§ gig , The
ach gas of which constitutes an inmpurity in a pure gas. 0 ution unit e

. Igd ases are m xed and the m xture d||utgd in adil A o
as Lo b?'in'a very | ow concentration bf the inpurities in tlg prr] .
SZstosgida: concentration lying within a range extending from 10[e pp

' ' ' lon gas to a 15 trace
to 10[err]-ppnhuﬁﬂlﬂﬁriongﬁ%é%grC%ﬁ%%gﬁ%%hbggﬁhgni purityTheagecumargdwi t h
i npurity anal yzgi C A o " fa re
Wbl oh the o Oncéﬁ{f?ﬁ%i}laor}g, of Sampleds quantdtymof iseilds niktube PY’ @i93Fed

known depends #Btthe p@m¢y§iﬂ1idua(ﬁﬁﬁhbh&rﬁ$n%éﬁiéﬂﬁigugﬁéf%ﬂ%;pgﬁé g@gocgge
of the aforemept i sped Lo oA I erea” togpendppanatas,

ncer tai nty | nOEHE o STREATESFLERG vr i Gt Sais bk e gagkgocgln the
Fggurity sanpl??@F?ﬁnéB_aneservbmﬁrQﬁSthﬁ fb&ﬁ?Qan£g§£Xtué%cﬁﬁ@££§gn for
25" manuf actur g g pe g uene Yobil OhERH et imecnot harost  ogmpers t i on
2f5 tgznugicﬁn!li ‘&?iefl.a%ﬁﬁﬁmsdéer &addsmixare pe;_ndwesmeahmﬁmy ﬁéfe Ir ‘?é‘% Etey
?IOM/ra?e of-e%&%ﬁrﬂiﬁ#ﬁIqﬁmmagaﬁtudg,adﬂdtgﬁgﬁé¥¥5¥5g38grgh&sergse al
resant riont | o e int BRGESCSI NG 20 0SS e gmacks by
broviding & met hod and ACGBVRLED| gfo onedebFyetheg empdineans cbal g W th

a predet er i nethventigmanttite) mixtaird Qﬁﬁ’tpﬂ%sg%g?%%”@,ﬁﬁ g%}gér%a;a;s,

For thi 5 purpaa .t pep CofnbraB bl 0o, PBfen 14 | grentrst hbtiant the
' e.s ) I . {

golr i\ glr isnpu;ppur "eumgeasc%rh%érbter(?t\mf‘h of each ppEddther otred: (yastd ;[M%intht%E

Iga;¥ oneq:as ' “Fﬁpdrity to an apparatus, according to

| east two different The volume concentration of the inert gas is

'then advantageously greater than.{the sum of the wvolume
concentrations of the other gases in the mixture.

According to an advantanous embodiment of the

20 invention, the "order of magnitude®

of the contents is one
%.

Depending on the composition of the mixture (in

particular depending on the desiredlcalibration Species),
it will bpe noted that,

for .ségety reasons, it is

25 advantageous to use one or more inéﬁﬁ gases in the mixture
and to chose a gas concentratio@ ﬁigher than the volume
concentration éf all the othe: constituents of the
mixture. By virtue of such
oxidants, such as 02 or CO, m

30 fuels, such as CH; for example,
of the reservoir containing th
exploding.

mixture composition,

It is thus possible,

adopt a content of about one % o,

35 inert constituents of the mixtur
rt.gas or gases in the

- mixgure without thereby departin@Zf;om the scope of the
 1present invention, since the . &

‘contents of all the




4 auxiliary gases, including said inpurity, are m Xed

bef or ehand, a sanpl ed quantlty of said mixture is diluted in the pure
gas in a predetern1ned manner ‘and the pure gas charged with said
impurity is delivered to the apparatus, 5 being characterized in that
said auxiliary gases are stored in a reservoir in the formof a

m xture of known conposition, the vol concentrations of nobst of the
auxiliary gases in said mxture being subs antlally of the same order
of magnitude, and the mixture in this reservoir is sanpled in order to

g:c ! ?L: it in t@%{npgﬁgngﬁeof %l['ne mixture .aAiCe {Br’l%s% ggetgf E geen‘gggl rrent S

i NnVen mi-Xt Ur e conpri ses Ieas She I nert
vol une concent P&t P‘éﬁan“%l €H+is greater than the vol une concent rati on

of each of the other gaseei Bubfiec5offi Xhe €invention is alskheaVakwiBe -
concentration Qi them@%aeﬂeﬁn%s tne t NGAdNANt dEERNSL Y ARG LA the

sum of the vol une oncentrati ons of ot her "gases

According t8 aﬁ%&ﬁ%ﬁge6u§°gﬁﬁ%di’ﬁeﬁ‘t‘r%fgﬁﬁve ?(F?%F@ntqforﬁalﬁhéasépéér of
magni t ude" of tﬂa@u&dﬁ?elﬂnﬂ imeante of diluting the DEpENHNgiWNthéepure
conposi tion of a Stalel

cal i bration speci eer d U;;xeec{ét%rﬁmgg %‘%bﬁ%t ha?f&)f or '{sggftg $e°§g’§'nst%g

25 advant ageod® t‘i?euﬁpéﬁétBF ViR e | GRS tdefdyexyi Alpge ﬁ‘i‘%(‘félﬁft@rlzedaﬂﬂ to

chose a gas comnmtl r aladidn fcgiree tloEn tihpurbtyinecompriaicen r aldsarvefiral |
t_he ot her %nSté<{7|thQB§n8f stariﬁ mlxtr&'rét ‘Yt kno%)ﬂ c\élm'i)togftlgxfx fuglﬂ 12ast

m xture cOnMposi
two d:.fferent E ases, including said impurity, the volume

concentratlons of most of the gases in said mixture being
substant:.ally of the same order of magnitude.

The: dev:.ce according ' to the invention may
15 include ori [lacuna] several ~of the following
characterlst:l.cs :

- the dllutlng means comprlse means of splitting
the flow from said source of pure gas, and several
dilution stages placed in serles, each stage comprising a

20 first inlet 11ne -connected to an outlet 1line associated
with said flow-spl:.tting means and a second inlet 1line
connected to- a ‘respective outlet_ line of the dilution
stage placed ""\'ist upstream, the "EsEGond inlet line of the
first dilution _stage being connected to said reservoir via

25 a line for samp- -"ng said mlxture,

the gases feed:.rig the inlets of the stage, at least one

"'mprisi.ng an assoclated purge line which

one end to said m:.x:.ng means and in which

is placed a back pressure regulator for controlling the
pressure in the" associated dilut'_ tage,

- a dilution stage compr es a third inlet 1line

35 connected to means for charg:.

predetermlned q" antity of H,0,

- the: ea:ns of splitting the flow from said source

comprising [s }-a main line for de'_liverinq pure gas, said

30

is connected-’ i'ri

the pure gas with a




oxi dants, such as Jerr] or CO may coexist together with 30 fuels, such
as CHerr] for exanple, without there being a risk of the reservoir
containing the mxture catching fire or expl odi ng. It is

t hus possible, by way of illustration, to adopt a content of about one
%or a few %for the non- 35 inert constituents of the m xture but to
adopt a content of a few tens of %ofsthe I nert gas or gases in the

m xture w thout thereby departing fromthe scope of the pr esent
invention, since the contents of all the

5 conponents of. the mxture are expressed. as the sang, order . of

magni t ude (% Tl“_je being con?ﬁéé%%bjtgcts%fertaﬁe ?%?/oenr] 4 8n flét%ftsolénagvi ce
for inplenmentwhigh ake PlaSedodin dftiaddgl. hetagmabBagduding cenpoiagedg a

source of pureegagic@isAprce of said gaseous i mpurity and neans of

diluting the inpurity ip,Lhe,BUIE or pu83Sqh0 BoREEARIEMAGY amaper, said
nmeans bei ng connected to e appzfr atudvi a a gas dél | very i e’
char act eri 2ed tion be anadyizedapadsaubbet of oF npiur i i¥Angorkhel 985 Puteysr wyir 10

cont ai ni ng saithdnssurea, of known conposition of at |east two different

gases, including said i ri . L UNE, : e ations_ of t of
the gases in said m xt urgggb |.&r%'lf&%gt¥§ stanlttl_af?lg‘g%#%%eggange%sf%ggﬁlgf
magni t ude. purifiers, the deiftechcastdirygiféer hkeiny erAnrmetedy tosa

include  one prdrdckdwdalvalvegVvehdkh 96 plbBed ihokhowWnlgt line of the
10 purification unit, and the outlet of each purifier being
connected to a valve for supplying the circuit with the
purified gas, said valve being placed in a feed line of

the diluting means,

- the inlet line of the purification unit and the

15 feed line of the diluting means each emerge at one end in
a corresponding purge 1line, an element for creating a
pressure drop being placed in each corresponding purge
line,

- each branching valve, as well as each circuit-

20 supplying valve, comprises a first conduit permanently
connected via a first end to an associated purifier, a
second conduit, the second conduit of the branching valves
being placed in the inlet line of the purification unit
and those [sic] of the circuit-supplying wvalve being

25 placed in the feed line of the diluting means, and an
actuator which can be switched between a position for
bringing the first conduit into communication with the
second conduit and a position for isolating the first
conduit from the second conduit, the second conduit being

30 free of flow-stagnation volumes,

- the second conduit of each valve includes a
chamber in which the second end of the first conduit
emerges and each valve includes a closure element which is
acted upon by the actuator of the valve, which closes off,

35 in said isolating position, the end of the first conduit
emerging in said chamber, and which 1is set back with

respect to this end of the first conduit in said
communication position,



characteristics: - the diluting nmeans conprise neans of

splitting the flow fromsaid source of pure gas, and severa

dilution stages placed in series, each stage conprising a 20 first inlet
| ine connected to an outlet |ine associated with said flowsplitting
means and a second inlet line connected to a respective outlet |ine of
the dilution stage placed just upstream the second inlet line of the
first dilution stage being connected to said reservoir via 25 a line for
sanpling said mxture, - the second inlet line of at |east one

di lution st age_i ncl L}ges an gdlmtgll onp.l fI oy rdelgq:l at |%% el enent

- each dilution stage co ?lse ans n1x ng Jdﬁ%e%“fggﬂ?ng t he
inlets of thecbamher ais| qwsvided 3®1t@|anlaﬂﬁlstag@J%Qﬁﬁnqfﬂlngoanthe

associ at gd pUkBgmbkRe aWﬂ' Q:lihe cl&is%r@orgl%@nteﬁq \Eo?apQ'iQe§n?nt Qel%%‘tdcg‘lﬂ/r?
nmeans and in ced a ressure regulator ontroll'ing
t he pressyfg«gqﬂa{’h% gfagd g‘? npgffi S92 : °%a H‘ Pution
st age conpﬁis@@aabﬁhlpﬁppﬁiéQ theesssl, ddnhetantrago ledng pressedhangi ng
the pure ga% sdalileg ﬁannerpbﬁ€6t€ﬁ€1Q@ihchﬁﬁﬁﬂéﬂ/ﬂﬂé tgfing force of the

eSO SRl T RE e (AT CoSPHEAR posiCOTR' BT bRl ol "
6 l'ine béﬂngacﬁnnégred to several secondary output |ines whi ch are
placed in parallel - eachakChiddivBg AR means for controlling the

10 switching of the actuator between said communicating and
isolating positions, the means for controlling each valve
are connected to a control unit for isolating or bringing
each valve into communication and the control wunit
includes logic means which prevent actuators associated

15 with different purifiers from Dbeing simultaneously
switched into the communicating position.

In addition, the subject of the invention is a
reservoir containing a gas mixture of calibrated
composition for charging a pure gas with impurities

20 according to the method defined hereinabove and/or for
constituting the source of impurities of the device
defined hereinabove.

According to another characteristic, the
reservoir contains at least two different gases having

25 contents substantially of the same order of magnitude, and
an inert gas in a greater proportion, preferably greater
than the sum of the proportions of the other gases.

Furthermore, the subject of the invention is a
valve for the device defined hereinabove. '

30 Other characteristics and advantages of the
invention will appear from the following description given
by way of example but having no limiting character, with
regard to the appended drawings in which:

Figure 1 is a general diagram of a plant for

35 delivering, to an apparatus, either a gas to be analyzed

or a pure gas, or else a gas charged with a predetermined
quantity of impurities;



restriction, - the source of pure gas conprises a source of gas 5

to be analyzed and a unit for purifying the gas output by t he source,

- the purification unit conprises at |east two purifiers, the
inlet of each purifier being connected to a branchi ng val ve, which is
placed in an inlet line of the 10 purification unit, and the outlet of
each purifier being connected to a val ve for supplylng the circuit with
t he purified gas, said valve being pldted in a feed |ine of t he

di l uti ng neans, - the inlet line of the purification unit and

the 15 feed Iine of the dllutlng means each energe, at one end .in
correspondi ng purge |i nef YHH %I énetit Fors%‘?te‘z?t"ﬁnﬁg wew alppgg frhe dlléﬁebel ng
placed in eachIggifespondigurepuy gef a vdlvee,of the regulatiegckdebiaachihng

val \éeg : as wel | Fagueach Glsl Glé1li- a20 ofSWPRIRI o\fala\éepurlchgﬂliﬁéﬁsun@gf st
condaul

perna ent | viia a first end to an associate
purifier, ri’!"1‘35‘(‘4%0?'@ %Enéhﬁtls41ﬁ§1§8c59ﬁﬁﬁﬁﬂﬂdU|t of the branching val ves
bei ng pl acéd in the inlBiguree3ofis ha mectfionati oriewni talong amlet Ndse
[sic] of the mmvmsugm ylﬁggdﬁl vey bei gy 2% el aghifh | Nyd A |ipe of

the diluting nean actuator which can be swtc getmeen a
position for °°mUPPﬁ§?ﬁb"?rﬁ??ﬁ?ﬁﬂﬁ'condU|t into connunlcatlon with the

second conduit and a posFiguref éA iisolat segtidrelf i vidw, alowmmduhée fliew t he

second condui t,rv/g &ﬁcwguf@nﬁwéf BelNgadPe {r %eoflsfah%ﬁﬁ 6&5@&
vol umes, ““second .condui t of _each val ve nc dés

chanber i A%hich the segbﬂﬂr%nﬁsoﬂstﬁﬁ FF?E}°QR%KNR?W' al°%%eF§§sldﬁG each
val ve i ncl udes & /dVosime Element 2whicth the valvactid dtpen bymtdrei cctivat or

of the valve, \gggy%fghosgﬁdoff 35 in said isolating position, the end of
the first conduit g in said chanber, and which is set back with
respect to this end of tﬁég ??s? BRI GREIFAMSSE dllut&BHnﬁﬁ?%%ulon

posi tion, Figure 1 shows a plant 1 for delivering gas to
15 an apparatus 3 such as, for example, an apparatus for
analyzing trace impurities in a gas, of the atmospheric-
pressure ionization mass spectrometer. Such an analyzer 3
is capable of measuring trace impurities in a gas at very
low concentrations of between 1072 to [sic) 107° ppm, or
20 indeed from 1073 to 1078 ppm. As will be explained in
detail hereinbelow, this plant 1 delivers, to the
apparatus 3, alternately a pure reference gas or %“zero
gas", that is to say a gas typically containing less than
1074 ppm of impurities, a gas charged with a predetermined
25 quantity of known gaseous impurities such as, for example,
H,0, CO, CO, Oy, CHy, Hy, etc., at concentrations varying
within a range extending from 10™° ppm to 10”2 ppm, or else
a gas to be analyzed. Furthermore, this plant must control
the parameters relating to the introduction of the gas
30 into the analyzer 3, such as the pressure and the flow
rate.

In addition, this plant must allow  the

successive use of various kinds of gas to be analyzed.
For this purpose, a source 5 of a pressurized
35 gas to be analyzed is connected via a sampling line 6 to
the gas delivery plant 1. This source 5 comprises, for
example, a single source of one kind of gas to be

analyzed, or several pressurized sources of various kinds



7 - the end of the first conduit energing in said chanber
Is provided with a seal projecting into the chanber and the closure
el enent conprises an elastically def or mabl e di aphragm form ng part of
the wall of the 5 chanber opposite the seal, the diaphragm being pressed
I n a seal ed manner onto the seal against the spring force of t he
di aphragm in said isolating position, by a pusher of t he actuator,
- each val ve includes nmeans for controIPlng the 10 switching of the
act uat or between said connunlcatlng and i sol ating positions, the neans
for controlllng each v are cq?nected to a control unit for

f %€

i sol ating or naf’ﬁﬁs' eaﬁ'&cﬁo(}ﬁ??/ YA cAnfRmR S oHingnd e e R@nisol
unit i ncl ullatendryl ctaeded ivki clanyr ewent ofictbat seveastoghaksd tb5 ami t h

different pur a{apsfz&usfr@mh bgé nqhesu@uh&aneegéwbed isWrE & bg"f_]&\tt he
conmuni cat i ng di t.ion, he subj ect of t

i nvention is aRpph?%"s’e‘?'{/o?‘P c%tgaﬁoﬂlsﬁa% £idee W xithee nang ofcafheyr at ed
conposi ti ons f oApphicamtnConpamye ogadunet1s, mewsi.t i es 20 according to the

met hod defined herei nabomf apgk lg@r line %onglt._,%hg&._é@e SAUNSR Ofhe
I mpurities of hhe deyi c herej nabove. ccordi ng

to another D@Rgr aE?e?T‘s?T‘%gyzWﬁa line 7o and;oi0n EBRt QERET abaPdasko t&wo
di fferent gasesehévﬂm9925 ofneedeyicabst dnti del yvefindiea spunee ayterowfa
magni tude, andgas @&Raldedt WAas i 8 aﬁﬂé&@%é?ﬁﬂ%%gpo&&éﬁwhtﬂor%&eragg¥09£eater

t han t he sym omwglg gortlons of the other gases

The analyzing line 7 and an outlet line 10 of
the delivery device 9 are each _connected to a
corresponding inlet 1line 11, 12 of a selection device 13
in order to deliver to the apparatus 3 either the gas

15 contained in the analyzing line 7 or the gas output by the
outlet line 10 of the delivery device 9.

A device 14A, for regulating a predetermined gas
fiow for gases to be analyzed that have substantially
different molar masses, is placed in the analyzing line 7.

20 The delivery device 9 comprises a source of pure
gas, a source 15 of impurities and means 16 of diluting
the impurities in the pure gas in a predetermined manner.

The source of pure gas consists, on the one
hand, of the source 5 of the gas to be analyzed and, on

25 the other hand, of a unit 17 for purifying the gas output
by the source 5, the flow of gas feeding the purification
unit being controlled by means of a mass flow regulator 18
placed in the feed line 8. ,

The diluting means 16 include means 19 of

30 splitting the gas flow output by the purification unit 17,
which means feed several dilution stages 20, 21, 22 placed
in series.

A branch 23 of the flow-splitting means 19
includes a device 14B for regulating a predetermined

35  upstream gas pressure for gases having substantially
different molar masses, the structure of this device 14B
being identical to that of the regulating device 14A.



Furthernore, the subject of the invention is a val ve for the device

defi ned herei nabove. 30 QO her characteristics and advantages

of the invention will appear fromthe foll ow ng description given

by way of exanple but having no limting character, with regard to the
appended draw ngs in which: Figure 1 is a general diagram of
a plant for 35 delivering, to an apparatus, either a gas to be anal yzed

or a pure gas, or else a gas charged with & predeterm ned gquantity of

i mpurities; 8

Figure 2 is a sectional view al onguthe | i ne [1/11 in Figure 3 of a

val ve of the regul ating d8¢i ErpRture andypnerptignygf| the ¥Aripwsm | Weltst a
purification unot the gasFidguieefty bhahbteli sdliatibeg esirtiben; im detail

FigureBisasgﬁtmlwew along the line [11/111 in Figure 2,
of the sane va I'n cormunlcatln p05|t|on
Figure 4A is a sectional Ivie £ plating) \Athes (flaw gofe gases

valve in thei SMWahthallﬁQilfferent mold mHssed IS a sectional

view, along the line 'Y"¥ PRI TneteblifatRly Gevickne
communi cat i ng positio i agram of a
di lution stage. The rFEBh?*é“’E siiendca pléht iE f plagefi véni nghyas
to 15 an apparahasydirggicllias, 7{0rrracs®| @pstagaRppsf atthdsl OkFegulating
device 14A is a pressure gauge 25 for determining the
10 pressure upstream of the regulating device 14A.
The regulating device 14A includes, for the
embodiment shown, a gaged restriction 27, for example a
gaged orifice, placed in the analyzing 1line 7. Placed
upstream of the orifice 27 is a branching valve 29, shown

15 diagrammatically surrounded by dashes, for the selective
use of a bypass line 31.

The wvalve 29 comprises a first conduit 33
permanently connected via one end to the bypass line 31.
It furthermore comprises a second, always-open conduit 35

20 which is placed in the analyzing line 7.

The first conduit 33 and the second conduit 35
of the valve 29 may be brought into communication by an
actuator 37, as will be explained in detail hereinbelow,
which can switch between a position for bringing the first

25 conduit 33 into communication with the second conduit 35
and a position for isclating the first conduit 33 from the
second conduit 35. The bypass line 31 is connected via its
other end 39, downstream of the orifice 27, to the
analyzing line 7.

30 A second gaged orifice 41 1is advantageously
placed in the bypass line 31, as close as possible to the
end 39 of the 1latter. Thus, a flow-stagnation wvolume,
formed in the isolating position of the two conduits 33
and 35 by that part of the bypass line 31 1lying between

35 the orifice 41 and the end 39, is as small as possible.

The structure of the regulating device 14B is
here identical to that of the device 14A. This is why the

identical elements bear the same reference numbers.



analyzing trace inpurities in a gas, of the atnospheric- pressure

Il oni zation nmass spectroneter. Such an anal yzer 3 I s capabl e of
measuring trace inpurities in a gas at very | ow concentrations of
between 10[err] to [sic] 10[err] ppm or 20 indeed from10[err] to 10[err]
ppm As w il be explained in detail hereinbelow, this plant 1
delivers, to the apparatus 3, alternately a pure reference gas or
"zero gas", that is to say a gas typi&ally containing |less than
10[err]ppmof inpurities, a gas charged with a predeterrn ned 25 quantity
of known gaseous inpurities such as, for exanp Herr]O, CJerr

Qerr], CHerr], H err] This, deyiceqtbust r’aﬁwsvaﬁylfr’rgs"' orjifiifen & range
ext endi ng fron‘plﬁ{:edr]mppam feedOlenhe] g@pnforora epaee gasa @aputo WE the
anal yzed. FU”@EEYPE ticﬂk xﬂh@t st p&QEE&O'l tﬁl@e Fial‘h%”e%rsﬁée' gting

to the introduCtion o into the an yzer 3, such
pressure and t RE2pFBINT Va?&?ezg identical to Itﬁ‘atacﬂﬁtpb?l devigg s 14p}4 ant

nmust al | osv cbheectedsticcessi wendisi: (3 ot ithies viilwds 20f 1gasné0ehe of

anal yzed. a_bypass 10RE bALSTRUT BORE: e c&gcalé Yird B1°5RU5350a3S

gas to be anal yze |s connected Vi a (.?2'}) I ne
delivery pl ant SP¥nsEreanonf ckhe Eﬁhfﬂ‘?% he fe@?arﬁ&l“& 8§- sf\nglaeeéource
of one kind of cgdtite ke is pleded ek @Iosevaasr abosmﬂﬂsajrtdedmsoaﬁaeszof

various Kinds via which ﬁhe b¥pass line 91 is joined to 88? qnES:
each connected via a sanpling 11 ne to a device |ntende eliver any

one of thel8evé&Pal gases to an
I.2. Structure of the valve of the requlating

devices:

An embodiment example of the valve 29 fitted in
the regulating devices 14A and 14B is described in detail
15 hereinbelow. Such a valve, of the electropolished DAD
type, is for example derived from a valve marketed by the
company NUPRO and manufactured by the company SWAGELOK.
As shown in Figures 2 and 3, the valve 29
includes a body 51, in which the first conduit 33 and the
20 second conduit 35 are made, a closure member 652 and an
actuator 37, shown in part, which is screwed onto the body
51 by means of a nut 53.
The second conduit 35 (Fig. 2) is formed by two
conduit sections 55 and $7 and by an axisymmetric annular
25 chamber 59. Emerging in a lateral part of the bottom of
this chamber 59 is one 55A, 57A of the two ends of each
conduit section 55, 57.
The other end, 55B, 57B of each conduit section
55, 57 emerges in a respective lateral connector 56 on the
30 body 51. These ends 55B and 57B are diametrically opposed.
The two connectors 56 are intended to be connected to the
analyzing line 7, with regard to the regulating device 14A
and to the feed 1line 85, with regard to the regulating
device 14B.
35 The chamber 59 is formed by a substantially
cylindrical recess 61, made in the upper face of the body
51, and by the closure member 52. This closure member

itself consists of a combination of two diaphragms 63



apparatus, such as the device described in French Patent Appl i cation No.
FR- 960756096 filed in the name of the 5 Applicant Conpany on June 18,

1996. The sanpling line 6 is connected, on the one hand,
to an analyzing line 7 and, on the other hand, to a feed line 8 of a
device 9 for delivering a pure gas or a gas charged with a
predeterm ned quantity of gaseous 10 inpurities. The
analyzing line 7 and an outlet line 10 ofl2 the delivery device 9 are
each connected to a corresponding inlet line 11, 12 of a selection
device 13 in order to deliver to the apparatus 3 either the gas 15

cont ai ned in theingfl §ouskney nethety {PHRINSUIGANe ROt Hde regams &kl | ne
10 of the deliygaycsiestiidaitdng the upper wallAoievhéecHahherf @6.regul ating a
pr edet er mi ned gas fl f o.bhe al at_ ha tially
di fferent nol ar nmasses, '1?1;& p?%% ﬁs{"s{ hg?ar?glgyz%{%\cggl ?’Ee a?‘b %ga&‘?é&f‘{‘y The
delivery devi c8efoEppte seateriadyr d@rofexggpae metgls Echodirphnapmyf63

i mpurities mndigeans dliGcf thé Uidengral pdra | epurwdicds is tdwngdur éngas in a
pr edet er m ned S e pu ga nsists n the
one hand, g?Pgﬁéi%%ur%%? _C)r% exﬂgﬁ ?%ﬁge g%ély?ﬁﬁ a§3880n$§5 t?%e
other hand, of 942BRFeIMy £3r i5uGlAMPRE tife YasealRPuRanner phetyrenotibee 5,
the fl ow of gaanhegdtngdghe gfurtfd cedderrs 61 andt abeianguaant redgleebHya neans

of a mass | owapequhatPieds o7 wbl@rShins e 80d diane Buator

The diluting means 1 clude neans splitting the gas3?foap%utput
by the purtfi cREPER Fi tisi7made 1phithe fOXAs Fleed SaGBr S0 AT uE? oAliPdges
20, 21, 22 pl amegenenti Of Stid @med part of the dAabhaaghs 2& of the
flowsplitting means 19 ry jed NAMISS RafleVi 66pdditd dnd SURLLGNS 63,
predeterm ned 35 upstream gas ressure fo gases aV|ﬁb ]
substantial |y the hplfipgeRpiesp| & Ansdedespecouifechboye 69 iR vhiehiae 14B
bei ng identi calpusherhat afitdre vyeaukrati ng dewimee ab4Aator 37 can slide.

15 The first conduit 33 of the valve 29 comprises a
single straight blind hole, which extends perpendicularly
to the axis defined by the ends 55B, 57B of the conduit
sections 55, 57, and a connecting duct 73 which emerges at
the center of the recess 61.

20 One end, 33A, of the first conduit 33 emerges in
a respective lateral connector 64 on the body 51 and is
intended to be connected to the bypass line 31 in the case
of the device 14A or to the bypass line 91 in the case of
the device 14B.

25 The end of the duct 73 emerging in the recess 61
includes a cylindrical seal 75 which is forcibly fitted
into the body 51 of the valve and which projects into the
chamber 59. )

Figures 2 and 4A show the valve 29 in the

30 position for isolating the first conduit 33 from the
second conduit 35. In such a case, the central part of the
diaphragms 63 is pressed in a sealed manner by the pusher
71 onto the seal 75 so that the duct 73 is isolated from
the chamber 59.

35 Nevertheless, a gas introduced into the second
conduit 35 of the valve flows freely, for example from the
conduit section 55 into the chamber 59 and then into the

conduit section 57, as shown by the arrows 79 in Figqure



10 The structure and operation of the various units of
the gas delivery plant 1 wll be described in detail her ei nbel ow.

|. Device for regulating the flow of gases 5 having substantially

di fferent nolar nasses. .1 Structure of the regulating device
- The regul ating device 14A is placed in the anal yzi ng
line 7. Placed wupstream of +this regulating device 14A is a
pressure gauge 25 for determining the 10 p?essure upstream of the

regul ati ng devi ce 14A The regul ati ng devi ce 14A incl udes, for
t he enbodi mrent shown, a gaged restriction 27, for exanple a gaged
orifice, placedAinlthdsarfdiepsi nghat fdher. serudeFonduitinSis eafm Wie t velwrifi ce
27 is a branchkhgsvabymed hass howt 1bh-t SgHaarioat b6 dhhey. surrounded by dashes,
for the selective usg: a .y d : h ve 29
conprises a first conduf‘fng%e p.%gd?rsr%lr#é%% 3%0&%58?%%"%%?o-arl;e(?g%gl;f'%nthe
bypass |ine 31for bripgingthhenbiestofprdvids 33 dedensommupagatbpenvwibhdui t
35 30_ vvhi3:c))h5i Ztﬂba@%d:ohadfd&ﬁdaﬁl B5i. Ngnl isi?ﬂﬁ casle, t2h9e pus-ﬂl;&- L—}i si,?-1
condui t and _t he ;secon nduyi val e .29 ma r,ought
into communi caf® an t?S)aycqca'n ?ﬁg :%gfa hggg?mi’»?,egasftevxsn béé‘eelfpl é?%téle]i ndaggai I
her ei nbel ow, ShapRi &Y cHArSYR t OF DeisidensRE Bk £P%Fe £ oFonpeEpMyl theaf i r st
25 _CO_ndui]E 33 iflirlbe _Cé;mamhis:s?_t ifeammitlgeweeﬁe]g‘zﬁad depdrhimsSS 63 darﬁfida:ﬁe a5
position for isgolatingt i congdui rom the secaond.co t :
The bypass Iineseﬁ i7s% csc?n%ehc teﬁ"thvel agal‘ci sttlo:é'%ngt ﬁgr ttgﬁd s3g°on O\ﬁﬁ's‘?'flégmgéf t he
orifice 27}0t0ﬁgﬁgs away largely via the duct 73 into the first conduit

33, as shown by the arrows 81 in Figure 4B.

I.3. Operation of the regulating device:

The operation of the regqulating devices 14A, 14B

are explained hereinbelow with regard to Figure 1. For
15 this purpose, two operating methods will be distinguished.

In a first operating mode, the pressure upstream
of the regulating device is imposed and the flow rate must
be approximately the same for two gases having
substantially different molar masses. This operating mode

20 corresponds to the device 14A placed in the analyzing line
7.

In a second operating mode, the gas flow rate
upstream of the regulating device is imposed and it is
desired to establish a sonic flow regime. This operating

25 mode corresponds to that produced by the regulating device
14B.

I.3.1. Imposed pressure operation:

For a light gas, such as hydrogen for example,
the valve 29 of the regulating device 14A is switched into

30 the position for isolating the first conduit 33 from the
second conduit 35. The gas from the source 5 flows freely
in the analyzing line 7 through the second conduit 35 and
the orifice 27. In the case of a flow in sonic regine,
that is to say in the case in which the ratio between the

35 pressure upstream of the orifice 27 and the pressure
downstream of this orifice is greater than 2, it is known
that the volume flow rate D37 of the gas through the
orifice 27 is equal to:



anal yzing line 7. 30 A second gaged orifice 41 is

advant ageousl y pl aced in the bypass line 31, as close as possible to

t he end 39 of the latter. Thus, a flow stagnation vol une, formed in
the isolating position of the two conduits 33 and 35 by that part of

t he bypass line 31 lying between 35 the orifice 41 and the end 39, is as
smal | as possi bl e. The structure of the regul ating device 14B
S here identical to that of the devit® 14A This is why t he

i dentical elenents bear the sane reference nunbers.

Thi s devi ce thys ?pg{ud S a fig§Bﬂqrifice 27 placed in a feed line 85
for a pure gas oUtp ’%? th&27 rification unit 17. Placed in this line

85 is a br anbhray val ve 29 identical to that of the device 14A. 5

Connected to the=cgpasilra3diftricla ¥al ¥ge ZFilfScengzend of a bypass line

91. The ot her gnd_pf this |ine 91 £§8*0|neg. 2omnstrean1of the orifice
27 to the feed”RTne FPLSSASFEHAA" ©F Y19 19Fd&15% £& pl aced as close as

possi bl e t o5t h¥ Enuedar mass/iqaf Wwhiechas heldwigws $hironghothe sofifiined mdt he

feed line 10 &5.= constant which epentdClon’ &hef tdiperatueeOhnliN@ature
regul ating o%e¥bces: An enbodi nent exanple of the valve 29
fitted in the Sgg?ﬁf?hg devices 14A and 14B is described in detail 15

herei nbel ow. Such a val ¥, vixtfug jaf tdleefocbpbhathte @ARluit 35 of the
valve 29 has no flow-~stagnation volume and that the

10 orifice 41 of the bypass line 31 is placed close to the
end 39 of this line, the requlating device 14A introduces
only a negligible flow-stagnation volume into the
analyzing line 7 in the position for isolating the first
conduit 33 from the second conduit 35 of the valve.

15 In the case of a gas having a greater molar
mass, such as N; for example, for the same pressure the
flow rate through the orifice 27 falls proportionally to
the sguare root of the ratio of the molar masses of the
two gases, for example in the case of N; and Hp, to

20 approximately one quarter of the flow rate obtained in the
case of H;. In this case, in order to maintain the flow
rate delivered by the analyzing line 7 at approximately
the same level as the flow rate of a gas of low molar
mass, the valve 29 is switched to the state for bringing

25 the first conduit 33 into communication with the second
conduit 35, The gas then flows not only through the
orifice 27 but also into the bypass line 31 through the
orifice 41.

To the flow rate D373 is then added, at the

30 connection of the analyzing line 7 and the bypass line 31,

the flow rate Dy; which is given, in sonic regime, by the
equation:

Dg; = K x P x Sgqp x M ¥
The nomenclature used is analogous to that used
35 for the flow rate D37.
In order for the flow rate controlled by the
regulating device 14A to be approximately equal in the

case of two gases having respectively a molar mass M; and



type, is for exanple derived froma val ve nmarketed by the conpany NUPRO

and manufactured by the conpany SWAGELOK. As shown in
Figures 2 and 3, the valve 29 i ncludes a body 51, in which the
first conduit 33 and the 20 second conduit 35 are made, a closure nenber
52 and an actuator 37, shown in part, which is screwed onto the body
51 by neans of a nut 53. The second conduit 35 (Fig. 2) is
formed by two conduit sections 55 and57 and by an axi symmetric annul ar
25 chanber 59. Energing in a lateral part of the bottom of this
chanber 59 is _one 55A, 57A of the t ends_of eag condui t section 55,
57. M2 t‘?ﬁe"B?ﬁ%ﬁSﬁéP%S?%‘?‘%‘%ﬂ‘* X XA 112 eBRPTH 1P 55,

57 energes insachexzpeay ithat dtesatigbieediher eg6abionhe 30 body 51. These
ends 55B and g/B ﬁr(e(tha;m}*r)i &aklyy appgsed. The two connectors 56 are

i ntended to be, connected to the ana ing line 7..with regard to the
regul ating deVPEe14a 18 tglﬁd nio&atrhé"afsgeé)ztjl ia?]egas%, Wi r%ggf' t 8Ot Ak

regulati_ngS maa5viee§145: 35 The chanber 59 is fornmed by a
substantial l yy, isCifd MEH1aGAnak8CEESa Bdas MY nkNat 16 URPRIr hideg,of the body

o and by Lhe ol osure BEMRSL e TheS EbOSULEHEIPY,, of thetLki§908' 1S
12 j oi ndd tisgehhsen imeswchliaaptayadimetcbher finy titatea efedls 60 the and

constituting tike1HPRRE ¥Bhte Obr!PRe CHAIREI2DH%s comparable to the flow
10 rate of N; through the orifice 27 and the orifice 41 in the
communicating state of the valve 29,

I.3.2. Imposed-flow-rate operation: _

This operating mode of the regulating device is
beneficial in the case in which the flow rate upstream of

15 the regulating device is imposed and in which it is
necessary to establish a sonic regime for flow-regulating
orifices, such as, for example, those of the flow-
splitting means 19. The gas flow rate upstream of the
regulating device 14B is imposed by the flow regulator 18.

20 It will be understood here that the "sonic"
regime is preferred and that the fact of departing too far
therefrom quite simply makes it difficult to calculate the
flow distribution. It is therefore a question of finding a
ratio of the upstream and downstream flow rates 1lying

25 Dbetween 1.5 and 30.

In order to explain the imposed-flow-rate
operation, it will be assumed that only the regulating
device 14B alone placed [sic] in the feed line 85, as was
described with regard to the device 14A. In the case in

30 which the device 14B is placed in the flow-splitting means
19, the reasoning presented above applies correspondingly.

With a volume flow rate imposed, the pressure
upstream of the orifice 27 in the isolating position of
the valve 29 is given by the egquation:

35 P = K' x Djg X M? x Sg3 !
with:

D;g = volume flow rate imposed by the flow regulator 18,



The di aphragns 63 are nade of an elastically deformabl e material, for
exanpl e netal. Each diaphragm63 5 is a disc, the central part of which

is doned in a direction away fromthe body 51. The edge of the

di aphragns 63 is clanped in a seal ed manner between the annul ar edge of
the recess 61 and an annul ar edge of a hol di ng pi ece 67 which forns
part of the actuator 37. The 10 piece 67 is made in the formof a dish so
as to all ow novenent of the donmed paff of the di aphragns 63.

Inits central part, opp05|te t he di aphragns 63, t he hol di ng pi ece 67

includes a guide bore 69.in whc rh L usher, r1 driven by a rod 72 of the
actuator 37 c&n § @g&°nghant which depgn P§t BOnRRF TP hHithengaFarhd 29
conprises a on ghegtemperatyte, bl i nd hoIe whi ch ext ends perpendicul arly

to the axis def)nedeRy é}&@rgj}%tggﬁ og?@gfortltﬁcgogelw t sections 55,
57, and a connectlng duct 73 which energes at he center of the recess

61. 20 One enﬁgessﬁim&ﬁ t RESHPEt &?ndu"r’}e 33°khetYes #h 1S a
respecti ve sl atcémeinsionedcinr séeh an walye thatly £dr and igbt gasi smeindfsd H,Q be

connected to télﬂu@%%%ﬂ:haﬁs Sdrd rhtttr&‘ingasﬁpstreﬂ otfh%hgegffﬁéé“ﬁ')or to the
bypass line 91 in the case devi ce end of

14
the duct 73 emerging |nIPh§gFe88§§ 8? a 93Py a%_%@q.ﬂﬁﬁﬁngaP SE&W 75
which is forcinddar inass, the |pressure hydrréamobrlt tdevainidiand 2@hi dor

projects into ¢fie sameCRABREra22, is approx1mateEygLffo%§ 2% qfed 4(461- W the
valve 29 in the 30 05|t|on for isolatin first condU|t 3 romthe

second cordui tcoppansd Q?(ﬂﬂﬁireﬁﬁepﬁgﬁf?Eﬁ REraingd e the Gasenfagns

63 is pressed Hpr a sealed manner by the pusher 71 onto the seal 75 so

that the duct 73 is isokgfjed {&op, tﬁehevgi\?érb% 5% §§1tcned t th
Nevert hel ess, gas |ntroduced |n¥o he second condui t ? t he val ve

flows freely, $At® Br imggmet fbe flr%%n%‘mdt & 38 dm QSCPH’E‘B“%%t’tﬂTanber
59 and t hen i nybth hehe seconducbndett|0ﬁ 5Theagashdlwenbf lidwe aratowsnlgO in

Figure 15 through the orifice 27 but also through the orifice 41.
The pressure upstream of the orifice 27 and of the orifice
41 is given by the equation
P = K' x D;g X M? X (Spg + Sg1) *
with:

20 S43 = cross section of the orifice 41.

In order for the pressure upstream of the
requlating device 14B to attain sonic conditions for two
gases of different molar mass, the cross section S4; of the
orifice 41 is chosen in such a way that it satisfies the

25 eguation
Sa1 = ((My#/M2") x S837) - Sz
where
M; is the molar mass of a gas of high molar mass and M; is
the molar mass of a gas having a low molar mass.

30 O0f course, instead of the orifices 27 and 41 it
is possible to use any gaged restrictions, such as, for
example, capillaries, or frits.

Moreover, provision may be made to use diaphragm
valves 29 which include means for driving the actuator 37

35 Dbetween the communicating and isolating positions, such as
pneumatic valves or electromagnetically-operated wvalves.
The means for controlling the movement of the actuator of



13 4A. It is clear that the second conduit 35 of the val ve t hus

formed has no fl ow stagnati on vol une. Figure 3 and Figure 4B
correspond to a position for bringing the first conduit 33 into

communi cation with 5 the second conduit 35. In such a case, the pusher 71
S set back. The di aphragns 63 resune their initial domed shape by
virtue of their spring force. Consequently, a free space is forned

bet ween the di aphragns 63 and the seal775 so that the gas flowing in
the second conduit 35 10 flows away largely via the duct 73 into the first
condui t 33, as shown by the arrows 81 in Fi%yre 4B. | .3
Oper ation of tk8er &§diVat PG GBET cgonnected to a ‘Congppl ypiLy i §Rchfasnha

regul ati ng devimiesotdhputiehB or a moatermpler netbrhexampbel ow with regard to

Figure 1. For 15 this pyfposfyild0 APer abh 0 FHINOLS Jld 8% charged
di stingui shed. Th a first,operati ng node, The pressure
upstream ofd L& 2 Ry iquantity oh gaseous Uriles ate nust

be approxisately the sane for two gases havi ng substantial ly

different nolar masses. JhlSyQPELA iNMtEPEe 2He GOVI&SPONEL: (1R ARy ce
14A placed in the analyzing |ine second operating

1. dn_.a
node, the gas f3 oRYFSt 938"~ CHARISSAMWIED: nd (RFRASKErRYNEdyi BRNE S¥poLed
and it is dpsigcec tionestidiiesshnansdpi ¢hel puriégecatiomhusibparat ithg 25
nmode correspondg, Qo kit RERAUGSAsbY st hgar @Bl alelafe d@Vide qiluthtl tne

. 3.1. | nposed pressure operation: For | i ght gas, such as
hydr ogen ng exHﬁSFét%es inpthe pure gas in a predetermf%ed(%anéér, are

presented in detail hereinbelow.

A a

ITI.1. Purification unit:

II.1.1. Structure of the purification unit
The purification unit 17 comprises an inlet line
15 160 and a line 162 for delivering a pure gas, between
which are placed in parallel three purifiers 164, 166,
168, such as a nitrogen purifier, a hydrogen purifier and
an argon/helium purifier, for example.

The inlet of each purifier is Jjoined via a

20 branching valve 170, 172, 174 to the inlet line 160. The
outlet of each purifier 164, 166, 168 is connected to the
delivery line 162 of the purification unit 17 by means of
a valve 176, 178, 180 for supplying the circuit with the
purified gas.

25 The valves 170 to 180 are identical to the
valves 29 of the regulating devices 14A, 14B.

Thus, each branching valve 170, 1172, 174, as
well as each valve 176, 178, 180 for supplying the circuit
with the purified gas, comprises a first conduit 33

30 permanently connected at one end to a corresponding
purifier 164, 166, 168. The second conduits 35 of the
branching valves 170, 172, 174 are placed in the inlet
line 160. The second conduits 35 of the valves 176, 178,
180 for supplying the circuit with the pure gas are placed

35 in the delivery line 162.

The feed line 160 1is connected, downstream of
the valve 174, to a purge line 182 in which an element 184



the valve 29 of the regulating device 14A is switched into 30 the position
for isolating the first conduit 33 fromthe second conduit 35. The gas
fromthe source 5 flows freely in the analyzing line 7 through the
second conduit 35 and the orifice 27. In the case of a flowin sonic
regi ne, that is to say in the case in which the ratio between the 35
pressure upstream of +the orifice 27 and the pressure

downstream of this orifice is greater thad82, it is known that the
volunme flowrate Dlerr] of the gas through the orifice 27 is equal to:
14 Derr] = Kx Px S[err] x Merr] wher e: P = pressure upstream
of the orificefPF creagipgrp Prepgyse s@EeR orsWih tdfe dr9ggase Fafige, Mis

nmol ar mass of thecgas flow ng through the orifice, and K = const ant

whi ch depends on the te ratur. nd, .nat u . of the, gases.

By virtue of the fact tgggetr?élt S‘ﬁdw]tneBS{%% tfie COnne\‘/:gggé FF hhRengnd

fl ow st agnat i orPPpoisi¥e ok t Ahlutheg 1peaps| lisge W an tassosipsed |Hurge3l is

pl aceg cl ose tqime 186 iQﬂd'?rﬁQ:_tﬁrari hzicll%mkahﬁefoi-hﬁ_ré@gﬂlq}lf& NGl &kastiree 4

i ntroduces Yy ..2, hegliagij Jowstagnaiion volune into the
anal yzing line ]%ryl’n ":’t“‘ﬁ:(ta1 Sgs?tg% - o?rﬁfggleat ?% ahcee%f'i r st condui t 33
fromthe second conduit 3JBeoPur#e Vin&me. 185 and 186 come| pogefherysintef aa gas

havi ng a great efomi@mlpurge line 190 downstream of the gaged orifices 184
and 188.

10 IT1.1.2. Operation of the purification unit

Depending on the kind of gas which is output by
the source 5, the inlet valve 170 of the purifier 164
associated with this gas and the wvalve 176 of the
corresponding outlet are, for example, switched to the

15 state for Dbringing the conduits 33 and 35 into
communication with each other. The gas to be analyzed from
the source 5 flows freely through the purifier 164, which
purifies this gas. The other valves 172, 174, 178 and 180
are in the isolating state.

20 If the nature of the gas output by the pressure
source 5 is changed, the valves 170, 176, which hitherto
were open, are switched to the isolating state and the
valves associated with another purifier are switched to
the communicating state.

25 By virtue of the construction of the valves 170
to 180 and by virtue of the orifices allowing a leakage
flow, the feed 1line 160 and the outlet 1line 162 are
continuously purged. This purification unit 23 furthermore
has the advantage that it can be used with various kinds

30 of gases to be purified and that it is virtually free of
flow-stagnation volumes.

Advantageously, in order to switch the valves,
diaphragm valves are used which include means for
controlling the switching of the actuator between the

35 communicating and isolating positions, such as pneumatic
or electromagnetically-operated valves for example. The
means for controlling the movement of the actuator of each

valve are connected to a control unit, such as a



mass, such as N2 for exanple, for the sane pressure the flowrate
through the orifice 27 falls proportionally to the square root of the
ratio of the nolar masses of the two gases, for exanple in the case of
N2 and H2, to 20 approximtely one quarter of the flow rate obtained in

t he case of Herr]. In this case, in order to maintain the flow

rate delivered by the analyzing line 7 at_ approxi mately the sane | evel
as the flowrate of a gas of |ow nolar 19 mass, the valve 29 is switched
to the state for bringing 25 the first conduit 33 into conmmunication with

t he second conduit 35. The gas,then fIO\‘\__/? ?8t on{%througp the .
orifice 27 but™HEETRE efhe"‘by%as%o?f“ﬁe‘?f RFOBHh e ©XamBieti B if .
To the flow r et iwnitheineliusd suitdhitieg3d.ogdenmeenisen Wiesehelayial yzi ng
line 7 and theydwasarki Bodliced, fore dtmpieat eblzmaipvﬁu@mte% G M&bar N

= X

|
soni c regine, t he ._gequation: _, err . err]. X rr].
The nonencl at Lﬁ%ﬁﬁe&l i $NtQal %bSus 'Ylézrtor%f“pﬂgﬁla 35’¥‘1f"5r ﬁ%‘é:lf‘kSﬁ/ ratt%if
Derr]. 5 possibility ooder tivor pheifiews r diedngonsivhltanéyushe in
regul ating devég@mhfitatq ot vARA" @HeTBlRldY 18Gieal16d00 e the &RSRtOT)iMD
gases having r gi)ectlvely a nolar mass Merr] and

15 I\/[errf, the cross section S[err] of the orifice 41 is chosen in
such a way that it sati dfi.@s t he Eneissdunce of impurities

The source of impurities 15 comprises a

10 reservoir containing a mixture of various kinds of gases
such as, for example, N, CO,;, CO, O, CHy4, Hz, Ar, Kr, Xe,
He, etc. This mixture has been produced in such a way that
the volume concentrations of most of the gases in this
mixture are of the same order

15 ofmagnitude [sic] (here, one %).

For safety reasons, the concentration of an
inert gas, such as helium for exanmple, is chosen to be
much higher than the volume concentration of all the other
constituents of the mixture. By virtue of such a

20 composition of the mixture, oxidants, such as 0, or CO, may
coexist together with fuels, such as CHy, for example,
without their being a risk of the reservoir 15 catching
fire or exploding.

In order to know accurately, after dilution, the

25 contents of the trace impurities in the pure gas, the
composition of the mixture in the reservoir 15 has been
accurately determined beforehand using gas analysis means,
such as a gas chromatograph for example. The reservoir 15
may, for example, be a bottle under a high pressure

30 (typically 200 bar).

The gases in the mixture are sampled or
introduced into the diluting means 16 via a sampling line
204 1into which a downstream pressure regulator 205 is
placed. The sampling line 204 emerges in an associated

35 purge line 206 in which a shutoff valve 207 and an element

for creating a pressure drop, such as a gaged orifice 208,
are placed.



Slerr] = ((Merr]/Merr]) x S[err]) - S[err] where Merr] is the nolar

mass of a gas having a high nolar 5 nass, and Merr] is the nolar nass
of a gas having a | ow nol ar mass. Preferably, the cross
section S41 of the orifice 41 is chosen in such a way that the flow
rate of H2 in the i solating state of the valve 29 is conparable to the
flow 10 rate of N err] through the orifice 27 and the orifice 41 in the
comuni cating state of the valve 29. 20 l.3.2.

| nposed-fl owrate operation: This operating node of the
regul ating device is beneficial i |ch the row rate
upst ream of 15 the reﬁﬁl%ﬂlng The i It
S 5

Y h I i . i (A : 3 g
orifices, such as, for @Kanaifutltrh;os(eaqfs tlbec&'nﬂ!\tse, orﬁrﬂwttdnagh%%ans 19.

The gasflow e upstream o requl tlng eV|ce 14B|s i.nposéd by
the flow regultg’[eo 9’%8‘ 8 sPhttl 6% of , YL (%55 deidverefhat

the "soni &' by thkei freeds 1imef elrﬁr?eda*anuhehavttlhe péctthef pleparidangonhoo f ar

theref rom qui it N Yar®BKesh ithelidthietUhbnl) eRE& & AutlikR staghkowp,
di stri bution. ref re a esU% of find rati .o of th

upst r eam and cft}vmgzre% V\H at et i %ssﬁéﬁv@gﬁe 88 éﬁdpéﬁce in
In order to thexgliaien 162h‘epstmelf- fthewspaitting megpesation, it will be

assumed that only the reaul %tdl'lﬂtmg q\e\shge ﬁ%@dﬁqeeplﬁeedrég%fdm@ the
feed lin e devj ce T4A

85,
case in gd'o erf%‘ffct%euc?e\ﬂ'@e tI"A’Be]11§’e[§I zf(‘:)é‘d Ff‘lot hﬁaf$oﬁfg‘b}‘?‘ﬂq%gﬂeﬁ’é‘%
19, the reasormmy gxibebires abeiry apphnegedoritegporadiledl with the feed

Wth a volunme f{ow{ge Arreaaeé xie@er@ee§&vr§11 2upstLeam gk Lhe,Qrdd i ce
27 in thellsolatjgrl%é;osltlg c t}l 14 |ve 29 |s gi ven b;_/ t he "equati on:
35 P X MEePr ? stRr§3°© m\% tR?/ 29O err] = volune flow
rate i nposed by the floWheegu.Inat droh8the regulating device 14B as well
15 as the lines 209 and 210 with their respective orifices
211, 212 each form a branch for feeding a corresponding
dilution stage 20, 21, 22, with pure gas.

The operation of such flow-splitting means is
described in detail in Patent Application FR-A-2714968 in

20 the name of the Applicant Company. This is why this
operation will not be described hereinbelow.

Figure 5 shows an example of a dilution stage
20, 21 or 22. A dilution stage 20, 21 or 22 comprises a
pure gas feed 1line 230, connected to a corresponding

25 Dbranch of the splitting means 19, and an impurity-
containing gas feed line 232.

A mass flow regulator 234 is placed in the feed
line 232 so as to enable the degree of dilution of the
dilution stage to be varied.

30 The feed lines 230 and 232 are joined together
in such a way that they emerge in a common mixing line
236. The line 236 emerges, on the one hand, in an outlet
237 of the dilution stage. This outlet 1line 237 is
connected to the feed 1line 232 of the dilution stage

35 placed just downstream.

On the other hand, in the case of the dilution
stages 20 and 21, the dilution line 236 is connected to a
purge line 238 in which a back pressure regulator 240 is



16 K' = a constant which depends on the nature of the gas and on

the tenperature, S[err] = the cross section of the orifice 27.

The cross section of +the orifice 27 1is 5 dinensioned in such a way
that, for a light gas such as H2, sonic conditions are attained
upstream of the orifice 27. In the case of a gas, such as N2,
havi ng a hi gh nol ar nmass, the pressure upstreamof the orifice 27, for
the sane flow rate, is approxi mately foufltimes greater 10 conpared to the
upstream pressure obtained in the case of Herr]. Thi s

I's why the val ve ZaﬁL% swi t ched toﬁ%he kstate for bringigg the first

condui t 33 i nfo3ES PEAPISHSUTE Rt R (REXS PESRTUESNESOLI3ECT THRB §B8 t hen
fl ows not onl @ilstiphr stgtiet he /Y4 ficeuzh Buwayl that hroudthe lmeohiahidge 41.
The pressure uypet 8a7c0ktohlet O6md | £ Zheard 10t ih§emhhd | £8 prefblapiydi ven

by the equation,. ..P.= K_.Xx err] X err] x.( rr]_+ Slerr] erng
with: 20 SferfPt5EH88s .as’%dc,‘ti%\ e, reteH [ hafaf R lodesdutd L egl NG
for the préss@ldahsdvr baghef than the psisarengetiein cthd Mclo prtdasmiuresoni ¢

g?ndiiiOPStLokédﬂlator Pa8e8d0indhf H¢18PLoADsBdgd BRSWndth@al 088 A&CLiON
err] o e

_ ori ige 41 is chosen in such a way that |t satisfies the
25 equation P& It'}la— FRR 2597 NFeMr ]L')’wﬁr‘%[té}er ]ﬁé-lygfﬁr?] wher e
Merr] is the nolar nas¥%hef fzedas il H3gh ol bhe ndsdubieh MBtage 20 tilse
mol ar nmass of figRs,havbldseréW B akh@BSSressure regulator 205 and

10 upstream of the shutoff valve 207, to the sampling line
204.

The outlet line 237 of the final dilution stage
22 emerges in the outlet line 10 of the delivery device 9,
downstream of the regulating device 14B.

15 The flows at the inlet of each dilution stage
are set in such a way that a dilution, for example, of
approximately 1/1000 of the gas output by the line 232 in
the pure gas output by the line 230 is obtained.

Of course, the "zero" impurity quantity is also

20 a predetermined quantity of trace impurities which the
device has to deliver to the analyzer 3. This is why the
feed line 232 of the final dilution stage 22 includes a
bypass line 242 in which a mass flow regulator 244 is
placed.

25 The outlet 1line 10 of the delivery device 9
outputs a pure gas in the case in which the regulator 244
is set to a flow rate greater than that of the regulator
234 of the dilution stage 22 and it outputs a pure gas
charged with a predetermined quantity of trace impurities

30 in the case in which the flow rate controlled by the
regulator 244 is less than that of the regulator 234.

The impurity H;0 1is generated here by a
permeation cartridge 250 outputting approximately
250 ng/min and connected as a branch off the pure gas line

35 230 of the second dilution stage 21.

This permeation cartridge contains water heated
to 50°C and includes, at one end, a silicone membrane
through which the H;0 molecule diffuses.



30 O course, instead of the orifices 27 and 41 it is

possible to use any gaged restrictions, such as, for exanpl e,
capillaries, or frits. Mor eover, provision nmay be made to use
di aphragm val ves 29 which include neans for driving the actuator 37 35
bet ween the conmuni cating and isolating positions, such as pneumati c
val ves or el ectronagnetical |l y-operated val ves. The nmeans for
controlling the novenent of the actuator &%

17 t he valve are then connected to a control unit, such as a

m croconputer or a controller, for ex . Device for

delivering a pure gas cHdrg&ill bevm't‘ﬁ:"é1 p?'é"’lfet ERfi ﬁé‘&tﬁﬂﬁﬁ?l 6PUdA RReous
inmpurities 5 placed on thEhefiwati itsageni faxr 04 hhehelevpeem&at ioon dedteeri ng

a pure gas Cha{i?& &&&@1&{ "x%%teeﬁo@lﬂsdcﬂb@éﬂ'éa’ nerategi‘ﬁeQHé iﬂpé"ét' €s,

namely the purification unit source O npurities 15 and t
means 16 of di FORFRRE ¢ IRAVYS ﬁﬁ&rl f—Pe that ¢ ﬁ’é pthe g%\%ser‘%‘sa p}F‘EBE%‘é%‘h‘T’ ned
manner, ares prpsesenitedlis dewveill ofied Eluthiginow.

Puri fi cat| on unit: 1! pd1dw S%H‘g;ure g{_ t a gr dek_.ggm_%g%uploﬁ

The purification unit 17Tc rrprises anlnle |’ne a l'rne
delivering a pGPEPRaktigRt QEefhe gamhiixtare pincEle | ﬁei%ﬁ‘%ﬂlirellfthréﬁo
purifiers 164, exGfiples dif68masuticasre bt rdgenrpurgds ethafgdy dmd@dn a

purifier and predetermined gquantity of trace impurities which is output
10 by the outlet line 10 of the delivery device 9, these
examples being made in one case with hydrogen as the pure
gas and in one case with nitrogen as the pure gas.
It will therefore be imagined that the reserve
15 represents a single bottle containing all the
15 impurities required for the calibration of the apparatus
(instead of many Impurity I/Pure gas mixtures), the
initial order of magnitude of the content of most of the
constituents of the mixture being particularly easy to
establish, whilst still allowing calibrated impurities
20 with extremely low contents (ppm, ppb or even lower) to be
obtained at the inlet.



an argon/ heliumpurifier, for exanple. The inlet of each
purifier is joined via a 20 branching valve 170, 172, 174 to the inlet line

160. The outl et of each purifier 164, 166, 168 is connected to the
delivery line 162 of the purification unit 17 by nmeans of a valve 176,
178, 180 for supplying the circuit with the purified gas. 25
The valves 170 to 180 are identical to the val ves 29 of the
regul ati ng devi ces 14A, 14B. 23Thus, each branching val ve 170,
172, 174, as wel | as each valve 176, 178, 180 for supplying the circuit
with the purified gas, conprises a first conduit 33 30 pernanently
connected at ppe—end-to-—3—correspondi-ng pof4-er—164,—166—-168— The
second condui { 3mBérbtiedd Compmrsndlonng Oamaanthh&onl gondddtwteiqyl hced in
the inlet line 160. The sggopdeconduits  35¢pf thel val wgs {46, 178,
180 for supplying the cirjcuit with the jpure gas are pf aged 35 1 n the
delivery |ine|162. reservoyfelh oo g IPPWRLYEE i 5| cAMRBELBLES doynst r eam
of the valve 174, to ja puresll% ne 182H) npudd gjasan| eNenpnte ki
for creating @ pregsure drop, sggh as a gaqﬁqoogbgice 'S, 62 g’gce
The outlet lit ' mected —at—tHhe—end upposite—tie g nmeans
16, to an assQci 5% - 1.62 ppb

No 5% 0.20 ppb -

Ar 5% 0.20 ppb 1.62 ppb

CO 5% 0.20 ppb 1.62 ppb

CO, 5% 0.20 ppb 1.62 ppb

CHy 5% 0.20 ppb 1.62 ppb

Xe 5% 0.20 ppb 1.62 ppb

Kr 5% 0.20 ppb 1.62 ppb

He 55% 2.19 ppb 17.85 ppb

H,0 permeation 0.81 ppb 1.58 ppb

cartridge
Table 1
5 By virtue of the fact that the initial

composition of the reservoir 15 has been accurately
determined beforehand and that these impurities are
diluted in a very precise manner, a pure gas containing a
precisely known concentration of trace impurities is

10 obtained.

In addition, using the flowmeters 234 in the
feed line 232 of each dilution stage 20, 21, 22, it is
possible to vary the range of concentrations of the trace
impurities by a factor of 100.

15 By virtue of the fact that the reservoir 15
contains a mixture of several gases, this constitutes
trace impurities in various pure gases. Together with the
purification unit 17, the dgeneration of a pure gas charged
with predetermined quantities of given trace impurities is

20 therefore considerably facilitated by this device.

I1II. Device for selecting one of the two gases:




5 line 186 in which an elenent for creating a pressure drop 188, such
as a gaged orifice, is placed. The purge lines 182 and 186
conme together into a comon purge line 190 downstream of the gaged
orifices 184 and 188. 10 [1.1.2. Operation of the
purification unit Dependi ng on the kind of gas which is output
by the source 5, the inlet valve 170 of the purifier 164 associ at ed
with this gas and the valve 176 of the 24corresponding outlet are, for
exanple, switched to the 15 state for bringing the conduits 33 and
35 into conmmuni cati,on . with.each ofher..The .gas tg, be.analyze rom
the source 5 fl ows freeIAys t arsoﬁgiﬁegﬁé %%?I? fclleesrc‘%f%ié'\/\%P%hde"lc%u]ﬂdf’it%’% this
gas. The ot her seheglekng 7one 194 theg taled gestes comprdsies thwe frsdatlimest ate.

20 ] | Ihfnt hf:zr,latdﬁr?eg cﬁﬁﬂaémmrﬁasm,ﬁ_tpyht cbind P E€SSURE analpPiige ﬁ g
i s changed, the,val ves ic itherto re.open, are swtche
to the isolati Ebngt ét ea"]aandﬂ}%eomer'va 'es&?iséé%i 3?&21% ﬁl’ingng‘ph(ﬁf p'E}i‘?f I er
are switche® tdelivexrnhedesimeuSi-cating state. 25 By virtue of the

construction of the val vienhl 7feed 11Re 189,208 nedgelsueimf at hespettives
allowing a | eak

age . floy the.f lipe 160 and .the outlet line 162 are
conti nuously pﬁpggﬁ. lﬁﬂes %/?J?I Ppgaﬁ%%ﬁ uﬂl‘? ggeau(r{tlﬁ‘gfrm and 1es 2R
advant age t hat cenneghe®etogetheay tiy wmeansueikiander®@ctafggaire 804 beThe
pgrified andltl&ahné&tiﬁgvniwahby iéﬁ@oﬁfx?cted ftOWtiod agzhﬁ@wza} Vol % 12 S
Advant ageously, _in .order to.swt t val v | aphragm valves are
used V\hicz8 i 8Fugglq%§5 sli Srgss' ggﬁtfgfﬁ?%gofhghgmfP% Yﬁ%Fo# ?iﬁo
act uat or bet weemerges33nc @mmasisesirtgdarbirgsolane ng®posrheonyrgeudhnas

pneunati c apoekaat s05BgASH | Trid ludeORE MAEBU £ Yak VESqU 1t 53X 8RBl €313 hep

nmeans for control i&%_the novemnment , of qu a%tugyor of.ea&? valxe are

connected to ateSht FHCSTNE TSIHAEST placed”in the purge line

302,

15 In order to deliver the gas contained in the
line 11 to the analyzer 3, the sum of the flow rates D3j;p +
D332 controlled by the flow regulators 310 and 312 is set
to a flow rate which is less than the flow rate Dj;; of the
flow output by the 1line 11. In order to deliver a

20 calibration gas, that is to say either a pure gas or a gas
charged with a predetermined quantity of impurities, to
the analyzer 3, the flow rate D3j;p of the flow regulator
310 is set so that it is greater than the flow rate D;; of
the flow coming from the line 11, and the flow rate Djj;

25 controlled by the flow regulator 312 is set so that it is
slightly less than the gas flow rate Dj; in the line 12.
The pressure of the gas introduced into the analyzer 3 is
controlled by the back pressure regulator 314 placed in
the purge line 302.

30 Advantageously, by means of such an arrangement,
it is possible not only to select, for delivery to the
analyzer 3, the gas to be analyzed or the calibration gas,
but it is also possible to control parameters relating to
the introduction of the gases into the analyzer 3, such as

35 the flow rate and the pressure.

By virtue of the fact that a smaller number of
regulating components are used compared with the device

described in the aforementioned French Patent Application,



19 m croconputer or a logic controller for exanple. This control

unit includes switching | ogic neans. These | ogic nmeans are produced, for
exanpl e, by a conputer program charged into the mcroconputer which
excludes the 5 possibility of tw purifiers being sinultaneously in
comuni cation with the feed Iine 160 and the outlet |ine 162.

. 2. The source of inpurities The source of inpurities
15 conprises a 10 reservoir containingza m xture of various kinds of
gases such as, for exanple, Nerr], CJerr], CO (err], CHerr],

Herr], A, Kr,. Xe, He,. etc. This m xture has. been .produced i.n sych a
way t hat tﬁgevofﬁﬁg cgﬁcengatP&ﬁgggflﬁns?o%ﬁuﬁﬁg'& segéﬁﬁcfﬁrs E?
m xture are of addétiane omderefBcsipngniiruddhesi glumbesr e ofoneregulating

For safety re?%ﬁ%on&h@sC%ﬁ%@”hﬂe’ﬁﬂ@“tﬁt afhere HBEldn UfSer&die 8§ Raki um
for exanple, is chosen to.be .1fq§$p hggﬁgg thana%he golune concentration
of all the ot h&FCUFaCYoRET; YRR 41Yt R Xt VSV|Ftue of such a 20
conposition of the m xture, oxidants, such as JQerr] or CO nay coexi st
together with fuels, such as CHerr], for exanple, wi t hout their being
a risk of the reservoir 15 catching fire or expl oding. In
order to know accurately, after dilution, the 25 contents of the trace
inpurities in the pure gas, the conposition of the mxture in the
reservoir 15 has been accurately determ ned beforehand usi ng gas

anal ysi s nmeans, such as a gas chromat ograph for exanple. The reservoir
15 may, for exanple, be a bottle under a high pressure 30 (typically
200 bar).



The gases in the mxture are sanpled or i ntrodycESigMppTt
diluting neans 16 via a sanpling line 204 into which g downgE,s % BEEN
pressure regul ator 205 is pl aced. The sanpling line 2 Q an

associated 35 purge line 206 in which a shutoff valve 207 and an elenent

for creatlnﬂwgmg§ qggpmgﬁgg such as a gaged orifice 208, are pl aced.
20 The nmeans of diluting the gaseous

i mpurity in a predeterm &l manner The

di luting nea on the one hand, the means 19 of splitting
the flow of pure gas dellvered 5 by the feed line 162 at the outlet of the
purification unit 17 and, on the ot®e*IMfand, three dilution stages 20,
21, 22 placed in series. A pressure gage 86 is placed in the line 162

upstream of thg splitti q&tmgn%f dellverlag 'Hg&es@ it td ,g%fggaqﬁt 9.

conprise the regul ating evi two “l 1 nes

regul ati ng dev? %deterwdsz%“&nitFﬁ§S°5e?ﬁgl‘?ﬁﬁ¥né’tﬂee@alsﬁ°B§r APPWrLtY 4P t he
feed | ine 4H2. appapaads r eSl), ctdcmordihg 23, eutdah asatt gbgesk two

orifice, is pl &f?fieféhteaﬁnxﬁfﬂgrsgo asg%O annldé%% Th%n%flﬁ: fr Oﬂé he
regul ati ng device 14B as we I'i nes 21 fhelr
respective oriPi¥ed ef°§§ﬁan§dzaeéﬁwpﬂ69nﬁHaBFéﬁEh°Foﬁqﬁﬁuﬂ#ﬁf%¥e is
correspondi ng diluted uimobhstpgee 24as 2iln 2preddtierpinedgasnner and the
The operation Bﬁréuﬁgsf lé?l‘@(':%@h' Ll srg?i%nsirﬁp%rity is delivered to the
10 apparatus (3), characterized in that said auxiliary gases
are stored in a reservoir (15) in the form of a mixture of
known composition, the volume concentrations of most of
the auxiliary gases in said mixture being substantially of
the same order of magnitude.

15 2. Method according to claim 1, characterized in
that the mixture comprises at 1least one inert gas, the
volume concentration of which is greater than the volume
concentration of each of the other gases in the mixture.

3. Method according to claim 2, characterized in

20 that the volume concentration of the inert gas is greater
than the sum of the volume concentrations of the other
gases in the mixture.

4, Method according to one of claims 1 to 3,
characterized in that said order of magnitude is one %.
25 5. Device for implementing the method according to

any one of claims 1 to 4, comprising a source of pure gas
(5, 17), a source (15) of said gaseous impurity and means
(16) of diluting the impurity in the pure gas in a
predetermined manner, said means being connected to the
30 apparatus (3) via a gas delivery 1line (10), characterized
in that said source (15) of impurity comprises a reservoir
containing a mixture of known composition of at least two
different gases, including said impurity, the volume
concentrations of most of the gases in said mixture being
35 substantially of the same order of magnitude.
6. Device according to claim 5, characterized in
that the diluting means (16) comprise means (19) of
splitting the flow from said socurce (5, 17) of pure gas,
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described in detail in Patent Application FR-A-2714968 in \ZA)#}”HI%%EE&%S %EIEN
i1l . n

the Applicant Conpany. This is why this operation

descri bed herei nbel ow. Figure 5 shows an exanplue'm'df a
di lution stage 20, 21 or 22. A dilution stage 20,ThdBhex H2BeaRphiesdesS a

pure gas feed |line 230, connected to a correspondlng 2 the
splitting neans 19, and an inpurity- . contalnl ne 232.
A mass flow regulator 234 is placed in the feed SO as

enabl e the degree of dilution of the di lution stage to be varled 30
The feed I1nes 23 Aidezdd ALGubPbNSLNEEIBY, 21, bB) SHElods VEY ddidled ey
energe in a comon n1X|n i ne energ on t

hand, in an out |§&ch St?%? dfzot'hGZJd'l I a??orﬁmg‘Pé@Em?hlas Sh’f‘f"et ipigE 21317“1 s

connected to the(fagd Iccnméb&édof tiche ah | uhitdretst dgee35 (g3l,acexby, ust210)
downst r eam

f d
ot ages 50 and 2:Lasstorgzla ed ll;'e Qéﬂg éﬁ%@ds !L{'ttt.:nﬁ; C%%ng I(E@L IA!HZ?I k-X

Iutlon lin IS C nnected
238 in whichZ BRICTHH ekilfte }ivful 6337) 22epnected to s resPeCtlve “outiet
21 pl aced. Tives piessyr efof the baddupiesswtageegdtt orl) n plaeed just
dilution stage ig,Sledn] SHED fh V&Yat Ndle é’éb& ﬁﬁ%thah!l‘i‘re (&3526 éPr‘tErPe
conditions for the diluting neans are preferab sat | sf
ot her hand, t hef’p‘f%tss‘éﬂ‘%u%’éi" j stage srﬁp@ht’r'i/ ﬁ?@ﬂ‘%‘ft%a‘?f’ tﬁ%“?)r’é%%?@bret

in the back presglB)e via a line (204) for sampling said mixture.
i0 7. Device according to claim 6, characterized in
that the second inlet line (232) of at least one dilution
stage (20, 21, 22) includes an additional flow-requlating
element (234).
8. Device according to claim 6 or 7, in which each
15 dilution stage (20, 21, 22) comprises means (236) of
mixing the gases feeding the inlets of the stage (20, 21,
22), characterized in that at least one dilution stage
(20, 21) comprises an associated purge line (238) which is
connected via one end to said mixing means (236) and in
20 which is placed a back pressure regulator (240) for
controlling the pressure in the associated dilution stage
(20, 21).
9. Device according to any one of claims 6 to 8,
characterized in that a dilution stage (21) comprises a
25 third inlet line connected to means (25) for charging the
pure gas with a predetermined quantity of H;0.
10. Device according to any one of claims 6 to 9,
characterized in that the means (19) of splitting the flow
from said source comprise a main line (162) for delivering
30 pure gas, said line being connected to several secondary
output lines (85, 209, 210) which are placed in parallel,
each including a gaged restriction (27, 211, 212).
11. Device according to any one of claims 5 to 10,
characterized in that the source of pure gas comprises a
35 source of gas to be analyzed (5) and a unit (17) for
purifying the gas output by the source (5).
12. Device according to claim 11, characterized in
that the purification unit (17) comprises at least two
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regul ator placed in a dilution stage downstream so as toj THIS SHEET ¢IASIBREN
the gases flow toward the analyzer 3. The fegd |i rﬂf;&_&@g‘gf the
dilution stage 20 i SPTShe t@;hm‘cdn R@&WSt ream of the pressufeTegutator—265

and 10 upstream of e 207, to the sanpling Iine 204.
ﬂi utlon st age 22 emerges in the
downstream of the regul ating

The outlet |ine 237 of
outlet line 10 of the

device 14B. 15 The fl ows at the i®nl et of each dilution st age

are set in such a way that a dil utlon for exanple, of appr oxi rrately

1/ 1000 of the t put he,Line in pur as out ut t he
line 230 is obt Al n(}ge@g Pi’szf % d‘%%id the hqgtzertg"% “F fq‘nfént ity

is also 20 a preddet eeannreetefiatei t3 @Faﬂﬁhle’egl Nﬁ&i‘"?t i €57 Qvhi éth hel74) ,
device has to d@harerlst plabeqanal ¥&einBet Thire l(as\MﬁyotfhEne putﬂsﬂ:alﬂl% 232

of the final tJ O ta 2 n n

mass fl ow regul a't @‘Zi g%d %h Shgggéz% each %@-i% '#te?%)% eité% mﬂes%?o of
t he delivery dé%’élg 930"“3%6%[}%05 A Yukee gbk’6n Yo cHWY |fPli/\h$\éﬁpltme\g
regul ator 244 the iGirasiit! withf kBW pai of Heaf=ey, a8 Vhale Obeimf prEMAL OF

234 of the dil aon g utsS ;8¢ bur e charged with a
pr edet er m ned gluéin% e% fei E‘ ngirrpuflﬁtqp %Bt % nt'%‘é‘scag‘g) I n which the
flow rate contrbided by tDIfF@lce aceQURANG t244>1+as}ml g t pharadi®rigkdt Hen

regul ator 234. that the inletTh&nei npaeoit or Hies rﬁ@mls:atgeﬂer@t&d mre

by a A Teald OBne GALATHANE (230 o OURULLING ;0 ARRLOX] TRLSI Yo,y 250

ng/ m n and ‘connec ranc € pure gas
second dil uti oremergRe 2t one end in a Wgegem%mq oRurget rliigdge (:Uﬁe‘t.al ns
water heated 186} w[enéi&andmn,clusie)s fot OPGattiny & présHpne dqEgphrane

through whi ch tﬁéaﬁifg'dégdﬂihegghﬁ E% J %dlng purge line (182, 186).
14. Device according to claim 12 or 13,
15 characterized in that each branching wvalve (170, 172,
174), as well as each circuit-supplying valve (176, 178,
180), comprises a first conduit (33) permanently connected
via a first end to an associated purifier (164, 166, 168),
a second conduit (35), the second conduit (35) of the
20 branching valves being placed in the inlet line (160) of
the purification wunit (17) and that of the circuit-
supplying valves being placed in the feed line (162) of
the diluting means (16), and an actuator (37) which can be
switched between a position for bringing the first conduit
25 (33) into communication with the second conduit (35) and a
position for isolating the first conduit (33) from the
second conduit (35), the second conduit (35) being free of
flow~-stagnation volumes.
15. Device according to claim 14, characterized in
30 that the second conduit (35) of each valve (170, 172, 174,
176, 178, 180) includes a chamber (59) in which the second
end of the first conduit (33) emerges and in that each
valve includes a closure element (52) which is acted upon
by the actuator (37) of the valve, which closes off, in
35 said isolating position, the end of the first conduit (33)
emerging in said chamber (59), and which is set back with
respect to this end of the first conduit (33) in said
communication position.
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22 It will be noted that the cartridge cou EH\SeSHEETEH «QEEN
the first stage for a higher perneation rate, t he per at i oREP
t he

chosen to generat e s $Hges Ha§ PBren ﬂmmwcontent equi valent to

gaseous inmpurities 5 | evel of dilution. Tabl e
1 below shows, for ned conposition of the gas m xture
In the reservoir 15, two exanpl es o nufacture of a pure gas charged
with a predeterm ned quantity of traagalnpurities which is output 10

by the outlet Iine 10 of the delivery device 9, these exanpl es being
made in one c ge W th .0ge pure as. an C with
nitrogen as tge rB@Uié%’EéE%QJTEg‘ﬂb C}TI? §5éngéP%§Q$ﬂ% <§ ed 't hat

ure

the reserve thaESthPemné‘sé?ﬁ sthe Tirsfy| eondipi | £33 kofmerhing Nal Faltihe 15
i mpurities regHamperf es9f hes catébiddd antf & heeaappamsat yrojectihgstiagd of
many | nmpurity |LP t t e f Ltude of
the content of hﬁogg‘g‘éﬁg’? M Mﬁ#& f‘;trﬂ%eﬁtlgs{l?é %ﬂmé}{‘? {529 C‘J& ke
particul arbPy é&s;ﬂl{aétlcalém Asfpsmablgi Aiapkyagn (aﬂ)ovﬁ‘h@“b%ﬁ | binat edf

inpurities 20tWet kwa@it lomane |dhanbert qBby OppBkipebtRe 8¥eN I(9¥R!) the be

obtai ned at t%&apﬂ g&m being pressed in a sealed manner onto the seal
(75) against the spring force of the diaphragm, in said
isolating position, by a pusher (71) of the actuator (37).

10 17, Device according to any one of claims 14 to 16,
characterized in that each valve (170, 172, 174, 176, 178,
180) includes means for controlling the switching of the
actuator (37) between said communicating and isolating
positions, in that the means for controlling each valve

15 are connected to a control unit for isolating or bringing
each valve into communication and in that the control unit
includes 1logic means which prevent actuators associated
with different ©purifiers from being simultaneously
switched into the communicating position.

20 1s8. Reservoir —containing a gas mixture of a
calibrated composition for <charging a pure gas with
impurities in a method according to any one of claims 1 to
4 and/or for constituting the source (15) of impurity of a
device according to claim 5.

25 19. Reservoir according to claim 18, -containing at
least two Qifferent gases, in proportions which are
substantially of the same order of magnitude, and an inert
gas in a greater proportion, preferably greater than the
sum of the proportions of the other gases.

30 20. Valve for a device according to any one of
claims 14 to 17.
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23 | npurities Conposition Concentration Concentration

of the of the of the reservoir in
impurities, impurities, vol . % H err] pure gas
N err] pure gas gerr] 5% 0. 20 ppb 1.62 ppb
Herr] 5% - 1. 62 ppb N err] 5%

0. 20 ppb - Ar 30 9% 0. 20 ppb 1.62
ppb CO 5% 0. 20 ppb 1.62 ppb

ngg”] ) bﬁ%ﬂon anD Dlﬁlﬁ@ﬁ:pm DELIVERING WtPURE GAS dﬂﬁn@ﬂd WITH %
1 62 ng PRERFTERMINED QUgg;ITY OF ATOLEGSBDQNE GASEQngl%E%RITY

He 55% 2.19 ppb ¢ 1 Herr]O

per neati on 0.81 ppb 1.58 prAN AeBArRFbs cartridge

Table 1 5 By virtue of the fact that the initia
conposition of the reservoir 15 has bggappgeprately det er m ned

bef orehand and that these inpurities are diluted in a very precise
manner, a pure gas containing a preci sely known concentration of trace
inpurities is 10 Obtainedording to the metﬁb&ﬁhﬁtdé&hveﬁimg 4 heurfd ayaet er s
234 in the 232 of. . ea h 2

possible to vary% ﬁe rgﬁ%e ofpggﬁbgn |on o?E?ﬁg tggce %%aﬁ%ur???es by

a factor of H@@eous impurity pp v@mtuépsﬁr@¢wsfab%)tha@tthbeaeterVMmr 15
different auxiliary gases, including said impurity, are

mixed beforehand, said auxiliary gases are stored in a
reservoir (15) in the form of a mixture of known
composition, a sampled quantity of said mixture is diluted
in the pure gas in a predetermined manner and the pure gas
charged with said impurity is delivered to the apparatus
(3).

Application to the feed for an ionization mass
spectrometer.

Figure 1.



contains a mxture of several gases, this constitutes trace inmpurities
in various pure gases. Together with the purification unit 17, the
generation of a pure gas charged with predeterm ned quantities of given
trace inpurities is 20 therefore considerably facilitated by this device.
I11. Device for selecting one of the two gases:

24 As has al ready been described, the device 13 for
sel ecting one of the two gases conpri ses {Mp feed lines 11, 12, one of
whi ch, 11, is connected to the anal yzing line 7 and the other, 12, to
the outlet line 10 of the 5 delivery device 9. Each feed line
11, 12 energes in a respective purge line 300 and 302. The feed |ines
11 and 12 are connect ed toget her by nmeans of a connecting |line 304. The
connecting line 304 is connected to the analyzer 3 via a 10 gas delivery
| ine 306. The outlet of the analyzer 3 also energes in an associ ated
purge line 308. The purge |lines 300 and 308 each include a nmass fl ow
regul ator 310, 312. A ack pressure regulator 314 is placed in the
purge line 303. 15 Wn order to deliver the gas contained in
t he line 11 tq the an zer 3, [the sumof the flow rates.|D310 +
D312 controlled by the fl reg@l ators 310 and 312 is set | to a flow
rate which is |ess thangﬁ fdow rate Dlerr] of The fl out put by the
line 11. In order [to delNolir B LL
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20 calibration gas, that is to say either a pure gas or a gas char ged

wth a predeterm ned quantity of inpurities, to the anal yzer 3, the
flowrate Derr] of the flow regul ator 310 is set so that it is greater
than the flowrate Dierr] of the flow comng fromthe line 11, and the
flowrate Dlerr] 25 controlled by the flow regulator 312 is set so that it
S slightly less than the gas flowrate DJerr] in the line 12. The
pressure of the gas introduced into the aﬁdﬁyzer 3is controlled by the
back pressure regulator 314 placed in @ R IEne 302. 30

Advant ageously, by neans of such an arrang Mit is possible not
only to select, for delivery to the ’?\u{ the gas to be anal yzed
or the calibration gas, ~bip itnis al R\- > %o control paraneters
relating to t he introdugtilon he gk t he anal yzer 3, such as

35 the flowrate and the p
that a smaller ngpber of3
the device desgri bed
25 the cost of the B!
reduction in the nagber |
an increase in the acou gl

yrvirtue of the fact

e used conpared with
| Pat ent Application,
§ addition,v

seans t hat, tdpere is

aratus 3.
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26 CLAI MS 1. A nmethod of delivering a
pure gas charged with a predeterm ned quantity of at |east one gaseous
impurity to an apparatus (3), conprising the steps of: m Xi ng at

| east two different auxiliary gases, at |east one of said auxiliary gases
being said inpurity, to forma m xture, storing said auxiliary
gases in the formof said mxture in a re¥égrvoir (15), the reservoir
containing solely said m xture, diluting a sanpled quantity of
said mxture in the pure gas in a predeterm ned manner,

delivering the pure gas charged with said inpurity to the apparatus,
wherein the auxiliary gases in said m xture have vol unme concentrations
substantially of the sanme order of magnitude and ad of the auxiliary gases
have vol une concentrations within two orders of magnitude of any ot her ones

of the auxiliary gases. 2. Met hod38ccordingZto claim1l
characterized in that the mgture ¢ ' aje inert gas, the
vol ume concentration of whigh is gfea vof'ume concegg ration of
each of the other gases in m x4 73y 19 hod according to claim
2, characterized in thg t u Shaent r/at i g ' as is
greater than the sumof| tH 9, [ h er dases in the
m xt ure. 558 . 7 -
—. A% . . 578
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4. Met hod according to one of <clains 1 to 3, characterized

in that said order of nmagnitude is one % 5. A device for
delivering a pure gas charged with a predeterm ned quantity of at |east one
gaseous inpurity to an apparatus, conprising: a source of pure
gas (5, 17), a source (15) of gaseous inpurity and

means (16) of diluting the inpurity in the pure gas in a predeterm ned
manner, sai d neans being connected to the apparatus (3) via a gas delivery
l'ine (10), 27 wher ei n
said source (15) of inpurity conprises a reservoir containing solely a

m xture of at least two different gases, at |east one of said at |east two
di fferent gases being said inpurity, the gases in said m xture having

vol une concentrations substantially of ghe sane order of magnitude and al
of the gases have vol une concentrations within two orders of magnitude of
any ot her ones of the gases. 6. Devi ce according to claimb,
characterized in that the diluting nmeans (16) conprise nmeans (19) of
splitting the flow fromsaid source (5, 17) of pure gas, and severa
dilution stages (20, 21, 22) placed in series, each stage (20, 21, 22)

conprising a first inlet line (230) connected to an outlet Iline (85,
209, 210)
230 237 240
( {
236 238
F{hVZBA
232

FIG.5
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associated with said flowsplitting neans (19) apd—a—seeond—m l i ne o
(232) connected to a respective outlet Iine (237)RERLAGEMENT m Stagéff?fy
(232) of

(20, 21) placed just upstream and in that the spcpnd T nlet 11 nd
the first dilution stage (20) is connected to sald rgs-erm@gg ql3) |via a
line (204) for sanpling said mxture. 7. Devi c Ing jtq claim®6,
characterized in that the second inlet Béne (23R)‘Lef—at—teast—eng dil ution
stage (20, 21, 22) includes an additional flowreggulating elenent |(234)
8. Devi ce according to claim6 or 7, in whitireach diTution stage
(20, 21, 22) conprises neans (236) of RFXINMG the gases feeding the inlets
of the(;gagglgm, 21, 22)a n@t&roacberhaeﬂvéﬂﬂdlﬁ@t patel gastc@%éﬁlwﬂdrp%t 4
st age : t u [ | .s..connecte
via one end top%%?%ﬁ;%ﬂ:’?ﬁ%@&'@%%@ﬁt 3%? af%né]gig%t \/ﬂ?ll%cﬁgg%&b%é@glré%gaég?( an.
pressure regul FPEATES4B) ‘?)o'r IREEEANY nEPe HEepse@8are in the associ at ed
dilution stage (20, 21). ¥ixing at DeagtCewaCAdEfeétent @auxiliang g@ds«d aiats 6
to 8, charactenicagd bife tdFakady Uikt QP YAAS 62Ty CAURN {mSisridy, L A et
| i ne connected to.neans (25) for char gYng the pure gas w a predeterm ned
quantity of H & Fi&ture. 28 10. Devi ce
according to any one of dcitainmiwg6stddauxilbraayt gaiseedinnthéafotmeofiresmisi ( 19)
of splitting thaxthew {0 EHGvEQU! ¢E5 COMN 8858 PR dohB8ihiheg)sd ¥y
del i vering pur esag%ggnusc 1|n(_;i?|l i ne being connected to several secondary out put
I'c

i nes (85, 209, ' are placed in parallel, )
diluting a sampled quantity of said mixture in the

pure gas in a predetermined manner,

delivering the pure gas charged with said impurity
to the apparatus,

wherein the auxiliary gases in said mixture have
volume concentrations substantially of the same order of
magnitude and all of the auxiliary gases have volume
concentrations within two orders of magnitude of any other ones
of the auxiliary gases.

2. Method according to claim 1, characterized in
that the mixture comprises at least one inert gas, the
volume concentration of which is greater than the volume
concentration of each of the other gases in the mixture.

3. Method according to claim 2, characterized in
that the volume concentration of the inert gas is greater
than the sum of the volume concentrations of the other
gases in the mixture.

4, Method according to one of clains 1 to 3,
characterized in that said order of magnitude is one %.

5. A device for delivering a pure gas charged with a
predetermined quantity of at least one gaseous impurity to an
apparatus, comprising:

a source of pure gas (5, 17),

a source (15) of gaseous impurity and

means (16) of diluting the impurity in the pure gas
in a predetermined manner, said means being connected to the
apparatus (3) via a gas delivery line (10),

TN 0 O
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each including a gaged restriction (27, 211, 212). 11. REPMCEMgNT SHEET
according to any one of clains 5 to 10, characterized injthat the source}ol
pure gas conprises a source of gas to be analyzed (5) ard |a ufi tjAN(1883
for purifying the gas output by the source (5).. 12. vi ce accordi ng
to claim1l, characterized in that the purification unit | (‘Y7) conprises at
| east two purifiers (164, 166, 168), the inlet of each puyrifier being
connected to a branching valve (170, 172,27474), which is placed in an inlet
line (160) of the purification unit (17), and the outlet of each purifier

§%64 166, t168% hbtelh ng COQP@E%P&' d0 s\@ir\é% ((izg oft 7 SmpuS( fd&np&geegyang
e circui W e purit]e ve ei I n ee I ne
(162) of the dFfSETHYmESRER Y ‘%)9 S‘igeail’am”ﬁéﬁ Cc Pg&ci §¥ dal EESFRPT 2,
characterized gasehatatt heash|ame PEraaidlgo)lesmstt hEOpiﬁrﬂffqr@aFlﬁﬁ%bﬁl{H?)

and the feed | saed( kepuretyt hardi | ghéd) ARANSIEL6hiLaGh eHRY PRy atvoaleend

in a corresponggggexp%%%glqbler%lggﬁ% tlé_%?%)df %Eﬁg‘?&tde&l@t‘]'ma%ﬁ&ué E—md

creating a pressure ace correspondi n I ne
(182, 186). 143ll of yhe, prees haveoVelwee qoecenEFaans rzt rtW° Pyders
characterized bfi hagtitaaih dir anghotigew ainee EI70he Igasesl74), as wel | as each
circuit-supplying valve (176, 178, 180), conprises a first conduit_ (33)
permanent |y cofinect ed viBe%i4e r aECRF@iIND 1R LB aPed %FFFFEPT?L%4 N 66,
168), a secondtbhanduthe(3&jlutitey seeand cOn6ui tcqriB)isef mhandr abtichi nPpf

val ves being pkaggdtifgt el rf'l%tv lerBe h6Q) sehirkbe (Burllﬁl)c%tfl PureNidas(,17)
and that of the gl rcw?

ing val ves bein | aced | n e.feed | ine
(162) of the dfP tFﬁ&eﬁ%hnégf‘i%ﬁ "qa‘%ﬁgéﬁ ééPuagéf ¢ah)P ‘F PreeRtes.
swi t ched betweeAch pitwgd of2Por i nZ2hg comprisisg conflirst (3Bletnt bine

c_ormuni cation §b the;o';@l@g@gdcong@w tan( 3Dutdlkd 2 19 t i @3, f0r2d9'50| agigg t

first conduit m t he, second corn UI t ) t he second UI t (35)
bei ng free of ﬁﬂat‘ﬁ) vosialh‘?es °w's£’§1 ting  means (18]

second inlet 1line (232) connected to a respective outlet
line (237) of the dilution stage (20, 21) placed just
upstream, and in that the second inlet line (232) of the
first dilution stage (20) is connected to said reservoir
(15) via a line (204) for sampling said mixture.

7. Device according to claim 6, characterized in
that the second inlet line (232) of at least one dilution

stage (20, 21, 22) includes an additional flow-regulating
element (234).

8. Device according to claim 6 or 7, in which each
dilution stage (20, 21, 22) comprises means (236) of
mixing the gases feeding the inlets of the stage (20, 21,
22), characterized in that at 1least one dilution stage
(20, 21) comprises an associated purge line (238) which is
connected via one end to said mixing means (236) and in
which 1is placed a back pressure regulator (240) for
controlling the pressure in the associated dilution stage
(20, 21).

9. Device according to any one of claims 6 to 8,
characterized in that a dilution stage (21) comprises a
third inlet line connected to means (25) for charging the
pure gas with a predetermined quantity of H»0.
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29 15. Devi ce according to claim 14, characterized in é'a

conduit (35) of each valve (170, 172, 174, 176, 178, 180)
chanber (59) in which the second end of the first conduit

the actuator (37) of the valve, which clé§es off, in said

posi tion, the e d of the fi.rst cond;éd energlng In
and which is * back wildYiFEs TR nf3h| Y o

i clifudes a

( 3) G8r gay 198

n¢ hats G i?tl ondu

sai d connunicaEhQﬁaqkﬁﬂxaaﬁ1ln1¢hat theDeeane OtTorefi mplidtdng mhes flow
characteri zed ffbxﬁ hed id heowrsk Q:fonﬁtjiﬂs@ bShatANdhd (56) By Gididvieriva d

chanber (59) i o&gged vm%h
e

in that the cl sure 95 sERTCE

Into. t

75 d
. (g%nse%np e %JC%FasF-‘l%c aﬁc?]vergtie SRR A

di aphr agm ( 63)O%tRw nbllb%ﬁt (8%, t 2R9 ma210)ofwhiah mmac(egg)nbmltleltfhe
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according to amWygﬂgyﬁ Rlagieds in ap inlet 11ne (160) of the purification
unit (17), and the outlet of each purifier (164, 166, 168)
being connected to a valve (176, 178, 180) for supplying
the circuit with the purified gas, said valve being placed
in a feed line (162) of the diluting means (16).
13. Device according to claim 12, characterized in
that the inlet line (160) of the purification unit (17)
- and the feed line (162) of the diluting means (16) each
emerge at one end in a corresponding purge 1line (182,
186), an element (184, 188) for creating a pressure drop

being placed in each corresponding purge line
14. Device according to clain

(182, 186).

12 or 13,

characterized in that each branching valve (170, 172,
174), as well as each circuit-supplying valve (176, 178,
180), comprises a first conduit (33) permanently connected

via a first end to an associated purifier (164, 166, 168),

a second conduit (35), the second conduit

(35) of the

branching valves being placed in the inlet line (160) of

the purification unit {17) and that of

the circuit-

supplying valves being placed in the feed line (162) of
the diluting means (16), and an actuator (37) which can be

switched between a position for bringing the

first conduit

(33) into communication with the second conduit (35) and a

position for isolating the first conduit
second conduit (35), the second conduit (35)
flow-stagnation volumes.

{33) from the

being free of
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4 and/or for constituting the source (15) of inpurity of a
to claim5. 19. Reservoir according to claim 18, cont
two different gases, in proportions which are substanti al
order of magnitude, and an inert gas in axgreater proporti
greater than the sum of the proportions of the other gases. 20. Val ve

Y

for a device apgording ge¥ic@Mac¥tQind & atiRid414Q khatacterized in
that the second conduit (35%5) of each valve (170, 172, 174,
176, 178, 180) includes a chamber (59) in which the second
end of the first conduit (33) emerges and in that each
valve includes a closure element (52) which is acted upon
by the actuator (37) of the wvalve, which closes off, in
said isolating position, the end of the first conduit (33)
emerging in said chamber (59), and which is set back with

respect to this end of the first conduit (33) in said
communication position.

16. Device according to claim 1%, characterized in
that the end of the first conduit (33) emerging in said
chamber (59) is provided with a seal (75) projecting into
the chamber and in that the closure element (52) comprises
.an elastically deformable diaphragm (63) forming part of
the wall of the chamber (59) opposite the seal (75), the
diaphragm being pressed in a sealed manner onto the seal
(75) against the spring force of the diaphragm, in said
isolating position, by a pusher (71) of the actuator (37).

17. Device according to any one of claims 14 -to 16,
characterized in that each valve (170, 172, 174, 176, 178,
180) includes means for controlling the switching of the
actuator (37) between said communicating and isolating
positions, in that the means for controlling each valve
are connected to a control unit for isolating or bringing
each valve into communication and in that the control unit
includes logic means which prevent actuators associated
with different purifiers from being simultaneously
switched into the communicating position.

18. Reservoir containing a gas mixture of a
calibrated composition for charging a pure gas with
impurities in a method according to any one of claims 1 to
4 and/or for constituting the source (15) of impurity of a
device according to claim S.

19. Reservoir according to claim 18, containing at
least two different gases, in proportions which are
substantially of the same order of magnitude, and an inert
gas in a greater proportion, preferably greater than the
sum of the proportions of the other gases.

20. Valve for a device according to any one of
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