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ol : SELECTI ON DEVI CE FOR DELI VERI NG ElI THER OF qug'o%?‘

(o

GASES TO AN APPARATUS The invention relates to a sel_g,f
devi.ce for - delivering a gas emanating fromone of two feed lin an
apparatus, especially a trace-inpurity analyzer such as an

at nospheri c-pressure ionization mass spect orreter Such a

sel ecti on device, desi f g yzer ei t her
with a gas to be anal y§ggggﬁ&q DESﬁ‘S%Fg)R Dglé\'ll I‘ﬂﬁﬂég is a pure
gas or one’ containing inpurit onc rat ions, is
known from Document FR-A- 2714968 ¢§§§%?ngﬁq ant Corrpany
Conpany. The device of the aforerrent I oned ~“docunent corrprl ses a first

and a second |ine whi chTh@ednventien xelates 9:°at‘F Feteskiong devigg for
calibration gaielilﬁmling a QasMami«aqefgem one ofr ewpeteedel ingsgead Ialihe The

feed = |inesfanaiie ! §§f1f‘r£ CANRYBr 1 &y L AR Wlon1af !

| i ne which connécts t eed and vV a a conmp
del i vering gas !@sm@r&ﬁapyﬁﬁure {onization maseh SRSSEEABEESE- rel ating to

i ntroducti @n of the sgeh iat aeleetionl micare desigred edp PHwed ha one
hand, S gﬁ;}lg ed_ o ﬂ% 20
l'ine connegt LB&E?LJ%H‘?RMW crgn%rr]fgg%aﬁgl ve q&ts Lo Beaaﬂ'é Qﬁ-

ass I nNé an on t

other hand, usfHJ a®i o?\?i'@@iﬁtdt"é‘r nPhit é’Hlﬁh a %Wﬁﬁ't 98/ al or » Mife
| i ne connect ezbnttadinimg impuritiesmfat tplreciselaappmmt woncentrations, is Each

purge line of yhg{eqq oy ”S%chﬁ&x‘xé'd%% 5’9%&9385 fxl 0‘%’@ eﬁ md NS P the

flowreters all ow selection eit ana yze

cal i brati P gahpP}icanty Compapy oFempany. bé’hﬁnﬂ%}'%‘?%cﬂf- ttﬁ‘ﬁt afgremanieionedy t he
gas delivered decunent commaisezcra ofifskt andit aolseicogdt Nd npandiieherfeed

relating to tIa&eespect:wely an analysis gas and a calibration gas. Each
feed line emerges in a respective purge line. The feed
lines for the two gases are connected to the analyzer via a
15 1line which connects the two feed lines and via a common
line for delivering gas to the analyzer.

The parameters relating to introduction of the
gas into the analyzer are contrelled on the one hand,
using an upstream pressure regulator mounted on a discharge

20 line connected as a bypass to the common delivery line and,
on the other hand, using a flow regulator mounted on an
additional purge line connected to an outlet of €he
apparatus.

Each purge line of the feed lines includes a mass

25 flowvmeter. These flowmeters allow- selection either of the
® gas to be analyzed or the calibration gas. It may therefore
be understood that for selecting -fhe gas delivered to the
analyzer or for controlling the parameters relating to the
J.ntroduction of the gas into the analyzer, use is made of

30 three mass flowmeters, placed in eac

as well as an upstream pressure Yt

g:h of the purge lines,
fﬁl-'ator placed in a line
branched off from the common line f r delivering gas to the
apparatus. '

The present invention ai,'_ _' to simplify the known

35 device by providing a selection device which is simpler and
more economic.

For this purpose, the sub“'ect of the invention is

a selection device for delivering :_-.°§ of two gases to an




_introduction of the gas into the analyzer, use is made of 30 three mass
"flowreters, placed in each of the purge I|ines, as well as an upstream
pressure regul ator placed Jjp;a line branched off fromthe common |ine

for delivering gas to the ** " apparatus. The present
i nvention ains to sinplify the known 35 device by providing a selection
device which is sinpler and - nore econom c.- For this

pur pose, the subject of the invention is 2 a selection device for
delivering one of two gases to an

2 apparatus, conprising a first and a_ second line for
respectively f BPRPAKALYST | r%?mwla‘gseéonﬁi% .apdchaf eggeond  |Yime efergi ng
in a respectiveeppegeivelye, faading Cangbpst andoaneetbna base eashedeleag t he
two feed lines gﬁ@g} a | n ed ap i t of
the apparatus, 1ife? Q\gf i'? ?hce@'a \égﬁ%f'%s%%r&g rﬁg‘tr?ﬁec !gdd ? C%‘g‘

addi t i onal conngetirneling epenesking the &9 eg ddagsute Gnﬂ?l\'@@hng

pl aced in eschgasr gelliveey uhneebeﬁﬂaétéd)rtaraatimtﬁ of thHY efpHratiisQp i n.

the purge line S%ﬁ%&@tegf"\tﬁé‘ Jﬂb%zfa hat b&i’n f&iithectB8 85 %' dadtidiar
3‘ nd K8 Rad "aﬁi he

el ement for créa I'ng _a press tronal "purg
f1 owregul ati nfpurge & i@#enta%‘ eél‘l’-&‘ﬁ&&t €PFZ§He?hi'!918E PFRSSesinon (he ng
creating a Hlaeedur n dicajghi npudye puige, | the aAsmentt efbr bheabian@eeond

feed Line Is adhagkitessucs a0t g hﬁgadﬁﬂet Bebodlifedd yAMBR AT ec

ei ng

delivery line i's only connéected
line and, &R tHes% BRI, ""H-Jit?r’e he glemenf Or creating a pressure

drop in the additional purge line being flow-regulating
elements, characterized in that t_'_.___h_e element for creating a
pressure drop in the purge line eésociated with the second
feed 1line is a backpressure regulator and in that the
15. common gas delivery 1line is oniy ' connected, on the one
hand, to the connection line and, on the other hand, to the
apparatus. : _
' Other i;haracteristics and advantages of the in-
vention will appear from the fol]_.-évjing description given by
20 way of example but having no "':iimiting character, with
regard to the appended drawings in which: '
' Figure 1 is a general diagram of a plant for
delivering, to ‘an apparatus, either a gas to.be analyzed or

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

in Figure 3 of a _valve of the regu_ating device in Figure 1
as well as of a valve of a purification unit in Figure 1,
in the isolating position' .
30 Figure 3 is a sectional view, along the line

IXXI/III in Figure 2, of the same val e in the communicating
position; :

Figure 4A is a sectiona

IV/IV in Figure 2, of the valve

35 Figure 4B is a secti
IV/IV in Figure 2, of the v
position; and o
Figure'S is a diagram of a dilution stage.

__view, along the 1line
the :.solating position;
.view, along the line
e. in the communicating
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-~ Ot her characteristics and advantages of the in- vention will appear
fromthe foll owi ng description given by 20 way of exanple but having no

limting character, wth regard to the appended draw ngs in which:
Figure .l is a general diagramof a plant for . ‘delivering, to an
apparatus, either a gas to be anal yzed or -a pure gas, or else a gas
charged with a predeternmined 25 quantity of inpurities;

Figure 2 is a sectional view along the [¥ne I/ in Figure 3 of a
val ve of the regulating device in Figure 1 as well as of a valve of a
purification unit in Figure 1, in the isolatin osition; 30

Figure 3 is a sectional Figete hisheys: RePianfe 1 :forx %PRWFU—M M3furko 2n of

the sane val veppariat@sCOBNUBLER! | 8§, FforPO%ixample, an apparatudi GEre 4A

By DS PnalagiiSiagd) W i Cesen, LY Vg DT pffoblipnl e I
the line IPpespuren iondgation magst pReGRrometex . ko ALMRAYIZeY 3
position; &nd is capable of wWeagpuréng tpace dimgiritiehs dnlid Wdsoratstvesy
2ppar atus 3 sulchw agé%&ég%p% &aﬁggg%gﬁazl(&g 219 g%)l V[%rfcgga‘fq?ji k’g’ qrna%re
impurities in kndped SFomndOyt ndSphi?i c-PPR. AFedtidle PenieXRladnednsin
spectronet er. deteilaherednpeiow] this plaapabl debiveregsiol Rpet apparatus
Inpurities in ?, %ﬁ&na\ﬁ%ﬁ& a pure reference gas or “zero gas", that is

10 to say a gas typically containin'_g;__-___less than 107% ppm of
impurities, a éas charged with a ﬁiﬁédetemined quantity of
known -gaseous  impurities such as; :_"for example, Hy0, COj,
co, Oy, CHy, Hy, etc., at concentggtions varying within a
range extending for example ,from_"-_l;__o_"5 ppm to 1072 ppm, or

15 else a gas. to be analyzed. Furtl_i‘_'.e_:r_"more, this plant ‘must
control the parameters relating tothe introduction of the
gas into the analyzer 3, such as the pressure and the flow
rate. ' O

In addition, this plant_i_x_nv_;;_st allow the successive

20 use of various kinds of gas to be éiﬂalyzed.

For this purpose, a sourc_*.__t_:é_.____.s of a pressurized gas
to be analyzed is connecteéd via a_'-_'_':\Sampling line 6 to the
gas delivery plant 1. This s_:__:dv._i_rce 5 comprises, for
exanple, a single source of one k:m of gas to be analyzed,

25 or several pressurized sources of "'v':'é:tr_ious kinds of gases,
each connected via a sampling liné to-a device intended to
deliver any one of the several gai__ es.zf' to an apparatus, such
as the device described in French __'lfa'_\tent Application No.
FR-960756096 filed in the name of _.;thél-:';Applicant Company on

30 June 18, 1996. B

The sampling line 6 1§
hand, to an analyzing line 7 and
feed line 8 of a device 9 for deli

qéhnected, on the one
the other hand, to a

35 impurities. _
The analyzing line 7 and an cutlet line 10 of the
delivery device: 9 are each conhééﬁéd' to a .corresponding
inlet line 11, and 12 of a selectifanif device 13 in order to



. low concentrations of between 10[err] to [sic] 10[err] ppm or I ndeed
froml1O[err] to 10[err] ppm As will be explained in det ai |

herei nbel ow, this plant 1 delivers, to the apparatus 3, alternately a
pure reference gas or "zero gas", that is 10 to say a gas typically
containing less than 10[err] ppm of Impurities, a gas charged with a
predeterm ned quantity of - known gaseous inpurities such as, for
exanple, Herr]O CJerr], CO (err]4 CHerr], Herr], etc., at
concentrations varying wthin a range extending for exanple from
10[err] ppmto 10[err% pgm or el se a gas to be anal yzed. Furthernore,
this plant nuselivercga: the PHBa’ﬁ%‘f"bﬁré’t @ither| fhengas ccoeaingd daudheon of

t he gas i mlylz&ngnmltuéev & thec yassoutpuiprigs tivec catllet hEiéd v of
rate. d 1&(}?@8%&{9&% dghis plant must allow the successive 20

use of varlous e anal yzed. : For this purpose,

a source 5 of a pressur?‘zé&"gﬁg 14, t?P‘bé’%‘élaﬁéﬂ Asprefpternined gas
sanpling | sne fldw fbe gasegasto dbki \wdialyzpanhich havidli substartially

conpri ses, fq{iffere?%aﬁgiﬁr ﬁaééwl QSS 5'.58&1 {,n Yife lﬁln'aq%?%lagafz%ﬁé)

anal yzed, 25 0Of severa pressurlze rces varlous ases,
each connected via a safpei Agl F-Yﬂ’él’t#‘ﬁ-q}‘e\ﬂ COTPRiEATeR Fource %I?‘V@r any
one of the sewmssl agms-ceownoﬁpmpmntiessan@ meansad6 o€ déyutingleqss | bed

i n French Pateﬁt %atlg.loghyo%ure 9%??&6@5@;)&&&,\{1 g Qamgfnams of the

Appl i cant Corrpa line 6
i s connect¥®d, on the on&he SONLEGE of Pure gas| W‘i“h’gs'tﬁvngn?téﬁﬁﬁﬁ ?Wot her
hand, to a : ofeﬂﬂa lsowrcd 6f ofi tleauqas %of be draly=sd ndg pureheastmra .

952 s 0e0 M B SRS DEGE U g e OBRES e WPLEAS ! 6%
are each conne%‘t‘é’c'?% oSa &Ber &p¥n@hgias feeding F‘P‘heP!EI,lfh‘PRF opnit
sel ection devikeing contrdkled Oby means of a mass flow regulator 18
15 placed in the feed line 8. It will be noted that the
purification’uuit is located advantageously downstream of
the flow regulation.

The;"diluting means 16 include means 19 of
splitting the-éas flow output by the purification unit 17,

20 which means feed several dilution stages 20, 21, 22 placed
in series.

A branch 23 of the flow-splitting means 19 in-
cludes a device 14B for regulating a predetermined upstreanm
gas pressure for gases having substantially different molar

25 masses, the structure of this device 14B being identical to
that of the regulating device 14A.

The . structure and operat on of the various units
of the gas. de}iyery plant 1 will pe described in detail
hereinbelow. - '

30

35

The requlating device 14A: _includes, for the enm-

bodiment shown, a gaged restrictio 7, for example a gaged




. 4 deliver to the apparatus 3 either the gas contained in the

anal yzi ng I|ne 7 or the gas output by the outlet |ine 10 of the delivery
devi ce 9. A device 14A, for regutating a predeterm ned gas 5
flow for gases to be analyzed which have substantially di fferent nol ar
masses, is placed in the analyzing line 7. ) . The delivery device
9 conprises a source of pure gas, a source 15 of inpurities and neans
16 of diluting the inpurities in the Hure'gas in a predeterm ned
manner. 10 The source of pure gas consists, on the one hand,

of the source 5 of the gas to be anal yzed and, on the_ ot her hand, of a
unit 17 for p@rifjreg Pg%°§%§“b6¥5u9399Y¥¥R9 Yinesur Ptaced typstinean of gas

f eedi ng the pu;mief iepifiioe UBTt is a bbragckiry reaiws by, mmnofdﬁqm flow

regul atof 18 4o, s0l3560ehi Liitaleq 'aa@ﬁeg . gar“ex{.% Saaaisd al dhe

purlflcatlon uni oca ageous owns
regul ati on. bypass line 3Y¥phe diluting neans I nclude neans 19 of

splitting she gas flow ghépwalbg kbe qauprise@taorﬁuatt cbAdu2f whi gereans

feed several SYRCTO 1N o Li

A branch 23 ogkw%%kﬁﬁo W-spl |P§$n§g%e§ﬁ§ %bﬁ %ﬂ ‘the %&Eggs ;i eV|3é B for
regul ating a | FRedcomrisesm a 5§ﬁ£§dpre%%%#!ﬁﬂﬂnengaﬁeadﬁhhlr%?
substantial | yvd‘hfd‘heri&nblaﬁbdriﬂ&h&&iﬁ&?zlﬁ@elﬁ{d mture of this device 14B

be 09, 9SS 10, Bt ok 8 18 6 SRk s 15 5, o

structure and operation 0 various unit$s
1 will be Wes&l}%eﬁaﬂ-ﬁedeﬁ%l may beeprpught odintgo communicat1op by Deanl ce

for regul ati ngadthatdd @V Ofaga@eFl be bRplatnsubsh aaétail ynhdiéimpendyw ol ar
qﬁZSEZgulatlng cﬁﬁﬂ caqbfklg h“ﬁk!&g Rf téﬁ%zéﬁﬂﬂ'%&k”%r?ﬁ&iﬁ& the first
conduit 33 into communlcatlon with the second conduit 35
and a position for isolating the first conduit 33 from the
15 second conduit 35. The bypass line 31 is connected via its
other end 39, downstream of the orifice 27, to the
- analyzing line 7. '

A second gaged orifice. 41 is advantageously

placed in the bypass line 31, as close as possible to the

20 end 39 of the latter. Thus, a flow-stagnatlon volune,

formed in the isolating position of the two conduits 33 and

35 by that part of the bypass llge_Sl lying between the
orifice 41 and the end 39, is as sﬁ%ll as possible.

' The structure of the rééulating device 14B is

25 identical to that of the device”ﬁlih. This is why the
identical elements bear the same reference numbers.

This ‘device thus 1nc1udes .a first orifice 27
placed in a feed line 85 for a pure gas output by the
.purification unit 17. Placed in this:"ine 85 is a branching

30 valve 29 identical to that of the de ice 14A. Connected to
the conduit 33 of the valve 29 is:
91. The other end of this line 21
the orifice 27 to the feed line 85 gaged orifice 41 is
placed as close as possible to ﬁhe d 92 via which the
35 bypass line 91 is joined to the feeq- ne 85.
2. Structure o valve

nd of a bypass line
joined downstream of

egulatin




lyzing line 7. Placed upstreamof this regulating device 35 14Ais a
pressure gauge 25 for determ ning the pressure upstream of the
regul ati ng device 14A The regul ati ng devi ce 14A incl udes,
for the em bodi ment. shown, a gaged restriction 27, for exanple a
gaged orifice, placed in the:analyzing line 7. Placed
upst ream of the orifice 27 is a branching.valve 29, shown di agram

mati cal |y surrounded by dashes, for the s6l ective use of a bypass |ine
31. 5 The val ve 29 conprises a first conduit 33 per-

manent |y connected via one end to the bypass line 31. It furthernore
conprises a second, aPRapibepimentexample Pf the \yakve 29 pfikkad iint he
anal yzi ng |inethe regulating devikesf iiaat aﬁendmnt i83dasdribed speodde£ondui t

rctuator 37, AAgTpeAdT BulE B, ol ke RV GR SR B8 ey,

arned in detal er 61 nhol
switch betweeni® %P@ﬁa&wlﬁofleﬁﬁ’?@ fRPM™ e VRLYS (marketad by the3company

conmuni cat ison NYBRO (did seeeTdctanédiby Yhe company SWAGEDOKQN for isol ating

the first conduit 33 fr the 15 . u 3 ne 31 S
connected via its (Ar? é}'e'%ﬁd f%\& n?ré'té?n §t'.')f EEI% % ‘ﬂlé
to the - ar@lydeshgal bpdy751, in which thep & @qgﬂgwé& é’r3i fEm,Qa tulel S

advant ageous| ysecond! alﬁﬁdiﬁ.ﬂ Bbe étsép&ﬁdiie# Jjne dlosase _CineﬁBexlf:ISSQOQﬁidJ'&xtO g
(a0 oo 2ot 91 S U ol YT AR BnkB! W oy 7
10 by means of a nut 53.
| The second ‘conduit 35 (Flg. 2) is formed by two
conduit sections 55 and 57 and by an axisymmetric annular -
.chamber 59. Emerging in a latersi part of the bottom of
this chamber 59 is one §5A, S57A of the two ends of each
15 conduit section 55, 57.
The_other end, 55B, 57B of each conduit section
55, 57 emerges in a respective lateral connector 56 on the
body 51. These ends 55B and 57B are diametrlcally opposed
The two connectors 56 are 1ntended to be connected to the
20 analyzing lipe_7, with regard to ghe regulating device 14A
and to the feed line 85, with regard to the regulating
device 14B. o

The chamber 59 is forﬁed by a substantially
cylindrical recess 61, made in the upper face of the body
25 51, and by the closure member 52,; This closure member
‘itself cons Pjs of a combination fof two diaphragms 63
joined togéther, these diaphragms coverimg the recess 61

and constitutinq the upper wall o he-ohamber 59.
The | diaphragms 63 are___;def:of an elastically
30 deformable material, for example_ﬁ' 'ﬂ._Each diaphragm 63
is a disc, ‘the central part of ;ch is domed in a
direction away from the body 51. The edge of the diaphragms
63 is clamped in a sealed mannerhb *en the annular edge
of the recess 61 and an annular edg _ow‘a holding piece 67
35 which forms part of the actuator:?': .

The piece 67 is made
in the form of a dish so as to allo: movement of the domed
part of the diaphragms 63. '




. 35 by that part of the bypass line 31 |lying between the orifiCe 41 and

the end 39, is as small as possible. The structure of the
regulating device 14B is 25 identical to that of the device 14A. This is
why t he i dentical elenents bear the sane reference nunbers.

This device thus includes a first orifice 27 : placed in a feed line 85
for a pure gas output by the purification-unit 17. Placed in this |ine
85 is a branching 30 valve 29 identical 7to that of the device 14A
Connected to the conduit 33 of the valve 29 is one end of a bypass |ine
91. The other end of this line 91 is joined downstream of the orifice

27 to the feed line 85.IM Hayerensimali @ars] oppositeptheediaphrague 63,
possible to ttge RBUAIRgVpEetdi €h Lheldfes yppstad 18O led Sih OhREshta the
Lg\e/idclalsne 85. pusher 71 d;ivehl by as}f,&' C‘HJ roef %Let Qgtﬁl%l:gre 30; éa%esﬁﬁg'. iﬁll ng
enbodi nent exanpl e of tThe RirEE gonApitedp (of the jwalveyoacomyrieescas 14A
alnd 14B i Iss_ dﬁsﬁﬁgbedstﬁaﬂ@&ei ipnxfxd hﬂéﬁéﬁbiliﬁi%hﬁ Sitedh ; &b Vﬁéﬁﬁtndiqﬁ:utlael g
el ectropolis t e S r anpl e. derive om.a,yal ve nEete
by the corrpan;EIQSQﬁgPl%i%ncﬁerFaiﬁlﬁfl ac ufté}? b%/mﬁnggé&%'rrp%ié/ g.b\A&éEGE‘mg%l ,
As shown in FEggkéan® 8%d 37, tand valopanegting duct (T3 odvich leveyass, akn

whi ch the firgshecoéfiteétr o8 iyl rebess 61 second conduit 35 are nmade, a

Cho%hoey B %7, " M and il S ne” B ol GRS 0110
10 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 bypassiline 91 in the case of
the device 14B.
The end of the duct 73 emerging in the recess 61
15 includes a cylindrical seal 75 which is forcibly fitted
into the body 51 of the valve and which projects into the
chamber 59. - o ' '
Figures 2 and 4A show thg valve 29 in the posi-
tion for isolating the first copdéit 33 from the second
20 conduit 35. In such a case, the central part of the
diaphragns 63 is compressed in a sealed manner by the
pusher- 71 onto the seal 75 so that;the duct 73 is isolated
from the chambérfSQ. |
Nevé:theless, a gas intr?duced into the second
25 conduit 35 of-the valve flows fregi&;_for example from the
conduit sectioﬁJSS into the chamﬁérisg and then into the
conduit section 57, as shown by tﬁ rows 79 in Figure 4A.
It is clear that the second condﬁi .35 of the valve thus
formed has no flow-stagnation volume..
30 Figuxé 3 and Figure 4B
for bringing the first conduit 3
the second conduit 35. In such a ¢ 5ithe pusher 71 is set
back. The diaphragms 63 resume the ﬁitial domed shape by
virtue of their spring force. Conse 'ébtly, a free space is
35 formed between the diaphragms 63 2the seal 75 so that
' the gas flowing in the second condﬁvgtas flows away largely
via the duct 7?ﬁjnto the first coq@ﬁit 33, as shown by the
arrows 81 in Fiéﬂre 4B. |

;espond to a position
nto communication with




. The second conduit 35 (Fig. 2) is fornmed by two conduit sections 55 and
57 and by an axi symretric annul ar chanber 59. Energing in a |ateral

part of the bottom of this chanber 59 is one 55A, 57A of the two ends
of each 15 . conduit section 55, 57. The ot her end, 55B, 57B
of each conduit section 55, 57 energes in a respective | ater al

connector 56 on the body 51. These ends 55B and 57B are dianetrically
opposed. The two connectors 56 are i ended to be connected to the 20
analyzing line 7, with regard to the regul ating device 14A and to the
feed line 85, mnth regard to the regulatlng deV|ce 14B.
The chanber 59 | g ' recess 61

made in the upper face e t&ﬂ’eﬁwnzéf éﬂe réé\gl%i %&J&%’ér Qllﬁemiﬁﬁ

This cl osure nenb ‘%35%’ g iIStS f a cogb£ a%ion of two dlgg ragns
63 JOlnedafﬁgﬁ¥ﬂ¥9lnﬁ ednks Pﬁg PhElgikRds &Pr thig,g™
constituting phepopeertwedperfatiing mhhh@ﬁs wdl be distinguishefhe di aphragns
63 are magle of an el asih CAl $14red0 opiha ﬂ?thdémtﬁ‘iéaﬂ)reééi{ree heafet al -
ST R e e g g

a irecti is
clanped in a dbeal eepm:ﬁmatetiat vvebhethesamenulaoredg:aro qoses he hasdags 61

and an annul arsusgqsneiam oaﬂff&&te%ﬁ} %%sea.t&l Cfm‘i%r rB:‘pe%rt&n f mloe
actuator 37. The glece Q as .t.o all ow

movenent of  RECHBREARAS tRoPRE Sfetice dAARIaGHR bS. the CLEAne 1

7 10 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 or a near-sonic
regime. This operating mode corresponds to that produced by

15 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
the position for isolating the first conduit 33 from the

20 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 regime, that
is to say in .the case in. which the ratio between the.
pressure upstream of the orifice 27 and the pressure

25 downstream of this orifice is greater than 2, it is known
that the volume flow rate D7 of the gas through the
orifice 27 is equal to: o
Dg7 =K %X P x Sy X M ¥
where:

30 = pressure upstream of the orifice 27,

327 = cross section of the orifice 27,
M = molar mass of the gas flowing tt;z__;ough the orifice, and
K = constant which depends on the teiﬁioerature and nature of
the gases. o

35 By virtue of the fact that ._'_:_‘_ff.the conduit 35 of the
valve 29 has no flow-stagnation volume and that the orifice
41 of the bypass line 31 is placed close to the end 39 of
this 1line, the regulating device 14A introduces only a



.Inits central part opposite the di aphragns 63, t he hol di ng pi ece 67

I ncl udes a guide bore 69 in which a pusher 71 driven by a rod 72 of the
actuator 37 can slide. _ The first conduit 33 of the valve 29
conprises a 5 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 energes at the center of the recess
61. One end, 33A, of the fiPst conduit 33 enmerges in 10 a
respective lateral connector 64 on the body 51 and is . i ntended to be
connected to the bypass line 31 in the case of the device 14A or to the
bypass |ine 9mnedligible,fdowrstagnatjonyaplume |gpo the analyzing Iime ¢hd of
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bypass line 31 through the orifice 41.
- TPo the flow rate D7 is then added, at the
connection of the analyzing line 7 and the bypass.line 31,
the flow rate Dy; which is given, in sonic regime, by the
20 equation:
Dy =K x P x Sgy x M°F
The nomenclature used is analogous to that used
for the flow rate D3q.
In order for the flow rate controlled by the
25 regulating device 14A to be approximately equal;;n,the case
of two gases h@ving respectively a molar mass M3 and M,
the cross sectibnis41 of the orifice 41 is chosen in such a
way that it satisfies the equation:
S41 = (M1 /M%) x 8z7) = 829 |
30 where M; is the molar mass of a gas having a high molar
mass, and
M, is the molar mass of a gas having a low molar mass.
Preferably, the cross section S41 of the orifice
41 is chosen in such a way that the flow rate of H; in the
35 isolating state of the valve 29 is éomparable to the flow
rate of N; through the orifice 27 and the orifice 41 in the
communicating state of the valve 29. .
' I.3.2. Inposed-flow~-rate operation:



|.3. Operation of the regul ating devi ce: The operation of the

" regul ating devices 14A, 14B are expl ai ned hereinbelow with regard to
Figure 1. For this pur pose, two operating nethods will be
di stingui shed. 5 In, a first operating node, the pressure
upstream of the regulating device is inposed and the flow rate nust
be approxi mately t he sane for two gases havi ng _
substantially different nolar nasses. Thi 80operating node corresponds
to the device 14A placed in the analyzing line 10 7. In a
second operating node, the gas-flowrate upstream of the. regul ating

device is inposed and i tThiss opendddingedrods oft Abei dtegulading fevkceedsne or
a near-soni C posteghfeicdik®l Rl BfaI0OHe a&_rr&%@mdxs vitﬁchh%hepﬁéuced

by 15 the regul tin evi essure
operation | ate' UBsEEERgl o’ Bhey regulating  davict dis  ARBREE cabfipt

the val ve 29 owhigh ddéguisit hegessany eta4astabligh chedanico reglntehemposl tion
for isolatigg hESrf-séﬁicCQ@éﬂiué Forf rﬁw%gaﬂatﬁﬁfoaﬂlﬁpéwl tséén e gas

fromthe sourc

flows ine h the
second condui t‘%?g 5ﬁample' tﬁ'ég%er i 9% ctg‘eztﬁ"rﬁs!%ié‘&%& 2 nrf f]1 dw 88fi c
regi me, that floWsragesupstreamcof Lhe ineguwipting devies | M bdsdaposed.
pressure upstrggntaé fmew0f¢§u15t5}7lend the pressure 25 downstream of this
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10 gime 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
between 1.5 and 30.

15 In order to explain the imposed-flow-rate op-
eration, it will be assumed that only the regulating device
14B alone placed ([sic] in the'_ feed 1line 85, as was
described with regard to the device 14A. In the case in
which the device 14B is placed in the flow-splitting means

20 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 equation:

P = K! XDlSXM;’X5831

25 with:
Djg = volume flow rate imposed by the flow regulator 18,
K' = a constant which depends on the nature of the gas and

on the temperature,
" 827 = the cross section of the orifice 27.

30 The cross section of the orifice 27 is dimen-
sioned in such a way that, for' a 'light gas such as Hj,
sonic conditions are attained upstream of. the orifice 27.

In the case of a gas, s'gh .as Ny, having a high
molar mass, the pressure upstrea'ili"';of the orifice 27, for

35 the sanme floﬁ rate, is approximately four times greater

compared to the upstream pressure obtained in the case of
Hjy. '



Dlerr] = Kx P x S[err] x Merr] where: 30 P = pressure upstream of

the orifice 27, S[err] = cross section of the orifice 27, M = nol ar
mass of the gas flow ng through the orifice, and K = constant which
depends on the tenperature and nature of t he gases. 35 By
virtue of the fact that the conduit 35 of the. val ve 29 has no

fl owstagnation volune and that the orifice - 41 of the bypass line 31
is placed close to the end 39 of thiklline, the regulating device 14A
I ntroduces only a 9

negligible flowstagnation volunme into the anal yzing, li-ne 7 in the

position for isolating tHhs issWhEohritalye 280kt Feitched dookhecshatet 35
of the valve for bringing the fhestasendfita Jpasintay iconmandeatien wbthr
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N2 and H2, $0 pppssurentpsyree of thpuuﬂﬂﬁioofzvhanﬂlow thee ool F dceedii n

t he case of H gEgr &R & GR§6n | N order to maintain the flowrate
del i vered by ¥ % g aﬁﬂfx&ﬁr1é§ﬁ ng Y at apgproxi mately the same level as
t he flow r& & Bf % B | BwWkS$ayl dr Semdss, the valve 29 is swi t ched

to the state faﬁthnlnglng the first conduit 33 i nto communi cation with

t he second COﬂ%UIt aéroég“%éﬂ%ioBhSP S10e JJf?@Ee”Qi only through the orifice
27 but alsgolnt

In order for the pressure upstream of the regu-
lating 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
equation

15 Sg3 = ((M1*/M®) x Sz7) - Sa3
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.

Of course, instead of the orifices 27 and 41 it

20 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 forfdriving the actuator 37
between the communicating and isolating positions, such as

25 pneumatic valves or electromagnetically-operated valves.
The means for controlling the movement of the actuator of
the valve are then connected to a ‘control unit, such as a
microcomputer or a controller, for example.

II. Device for delivgr;ng a_pure gas charged
30 with a predetermined guantitv o s ous urities

The various units of tﬁé;device 9 for delivering
a pure gas charged with a predeterﬁrned guantity of gaseous
impurities, namely the purificatk} iunit 17, the source of
35 impurities 15 and the means 16 qr:diluting the impurities
in the pure gas in a predeterminea ﬁanner, are presented in
detail hereihbegow. '
II.1. urification unit:




_bypass line 31 through the orifice 41. To the flowrate
Derr] is then added, at the connection of the analyzing line 7 and

t he bypass |ine 31, the flowrate Derr] which is given, in sonic
regime, by the 20 equation: Derr] = Kx Px Serr] x Merr]

The nonencl ature used. is anal ogous to that used for the flowrate
Derr]. ' In order for the flowrate controlled by the 25
regul ati ng device 14A to be approxi matel Yl%qual in the case of two
gases having respectively a molar mass Merr] and Merr], the cross
section S41 of the orifice 41 is chosen in such a way that it satisfies

t he equati on: Sl er r FI=1¢ 1 pPEFRGLYRG OfF, }'—S‘exp‘!!{’efrlﬂa)tmnsﬁéﬁ] 30 where
Merr] is the nolar nasghef parffiiciedomourd thilgh compgises anuasnletinlline

Merr] is the yg gy dT%SS.Li@E isganPad’é]T'lQreﬁlkg"‘é rglltaé 9‘5%55 pptueen whic

Preferably, the cross se 8&‘ nhl n
such a way that*e RIaqesdy ihdar 1HFeFPfe‘F PYHEiers 164y 48Ry 16 es‘éﬁhthe
val ve 29 i s coaparablmitrogere fpurdifier, rat chyrfrdgesy r purifdegh ahd canfice

273a2d theI (r)nrjlo; %&?ﬁe\,\]ﬂ&n{ gﬁriﬁef W@:&ﬁbi@g state of the valve 29.

10 Thi s%réf\iﬂg rﬂfdeeéf-‘-ht migderat ifg IRdnede véa a ppst
particul arly bppghclkim} valvdder1TBse172, WiiaLhed hehd | Dndet 1imd e16@Strram of

the reg“'ati”QOQEYééeo£Se£8@0§&¥kf¥5¥i£k4, 166, 168 is connected to the

10 delivery line 162 of the purificetion unit 17 by means of a
valve 176, 178, 180 for supplying the circuit with the
purified gas.

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

15 Thus, each branching valve 170, 172, 174, as well
as each valve 176, 178, 180 for supplying the circuit with
the purified gas, comprises a first conduit 33 permanently
connected at one end to a corresponding .purifier 164, 166,
168. The second conduits 35 of the branching valves 170,

20 172, 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 in the delivery line
162. | | )

The feed line 160 is connected, downstream of the

25 valve 174, to a purge line 182 in. which an element 184 for
creating a pressure drop, such as a gaged orifice, is
placed.

The outlet 1line 162 ie' connected, at the end
opposite the diluting means 16, to an associated purge line

30 186 in which an element for creating a pressure drop 188,
such as a gaged orifice, is placed.

The purge lines 182 and 186 come together into a
common purge line 190 downstream of the gaged orifices 184
and 188.
35 II.1.2.0peration of the purificatlon 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 thef valve 176 of the cor-




.which it is necessary to establish a sonic regine or a 5 near-sonic regine
for flowregulating orifices, such as, for exanple, those of the
flowsplitting neans 19. The gas flow rate upstream of the regul ating
device 14B i s inposed by the flow regul ator 18. It wll
be understood here that the "sonic" re- 10 ginme is preferred and that the
fact of departing too far therefromquite sinply nakes it difficult to
cal cul ate the flow distribution. It is3therefore a question of finding
a rati o of the upstream and downstreamflow rates |ying bet ween
1.5 and 30. 15 In order to explain the inposed-flowrate op-
eration, it w respendiwineukdfatanl farhexagpdeat swytdeed cto theldBatel one

placed [sic] ghp Ef'fn?{ﬁge‘thé BRAuBEs 3PHnd"a8 mtodééﬂdxﬁ%dt%hhwiward
to the device 14

he ca i n 14B i s aced in the
Fove apl 111§ ngeRElnQtHEE: (81 (GR8  0a BonANG LRFEL AR Tl AOUEER! o Love
correspondi ngl §reely through theN phrifies! es,f Imctlatparnﬂposeuhlst ges.

pressure g U@ﬁErSt‘Heﬁfvéi\f‘eé)rlhfz' ce78/ i'fh tafiﬁ h88! afé N"fh RAR tils@lallinghe
valve 29 is given by t he equati on: x Dlerr] x Merr] x S[err] 25
W t h: D[erFIe' Le%olune flow rate |rrposed by the flow regul ator 18,

K' = a constant which depnthe onature oft the ofas lmtpat dyd the presshee

tenperature, gougk8l5] is &ﬂsngé&sw%lwas%vé heméléf %ﬁﬂr n’iQ;herto

The cross section of the orific % 3 | men- &?} suc )qza
that, for a |i§RESgPLUch™es ﬁ dFrhed to 86ni 5Pt e ‘?t& fled
upstrean1oﬁOthyadvasloeSQ¢1ated w1th anotherIpunuﬁsecaseeo$w;tqn§d toutheas

N err], havingcamhuiicating @tste. oSS, the pressure upstream of the orifice

2 ohL %S, (Do same 1ol T gl e 5p BB LIRSV WSS iR
to 180 and by virtue of the orifices allowing a 1leakage
flow, the feed 1line 160 and the outlet 1line 162 are

15 continuously - purged. This purlficatn.on unit 23 furthermore
has the advantage that it can be used with various kinds of
gases to be purified and that it is virtually free of flow-
stagnation volumes.

Advantageously, in order to switch the valves,

20 diaphragm valves are used which include means for con-
trolling the switching of the actuator between the com-
municating and -isolating positions, such as pneumatic or
electromagnetically-operated valves for example. The means
for controlling the movement of the actuator of each wvalve

25 are connected _to a control unit, such as a microcomputer or
a logic contr ':ller for example. This control unit includes
sw:.tching logi__ means. These logic.means are produced, for
example, byd 'a' computer program loaded into the
microcomputer which excludes the possibility of two

30 purifiers being s:.multaneously i:nf communication with the
feed line 160 gnd the outlet 1lin

IX1.2. The source of impurities
The source of impurities 15 comprises a reservoir
containing a mixture of various kx ds of gases such as, for

35 example, Np, €O, CO, O, CHg, : . Ar, Kr, Xe, He, etc.

' This m:.xture ‘has been produced 1n such a way that the
volume conceni :_ra ::1ons of most of the gases in this mixture
are of the same :order of magnitude..




This is why the valve 29 is switched to the state for bringing the

“first conduit 33 into comunication with the second conduit 35. The gas
then flows not only through the orifice 27 but also through the orifice
41. The 5 pressure upstreamof the orifice 27 and of the orifice 41 IS
gi ven by the equation P=K x Derr] x Merr] x (S[err] + S[err])[err]
W t h: S[err] = cross section of the orifice 41. 10 I n order
for the pressure upstreamof the regu- 14 lating device 14B to attain
sonic conditions for two gases of diff.erent nolar mass, the cross
section S[err] of the orifice 41 is chosen in such a way that it
satisfies the equatFomn sefetyg] veasons ( (e copcenfration ofSer ripprt
Slerr] whgas, sucM@é Hel iSant lternekad\pxas ssot:haseaspﬂéfévmmbabenass

and Merr as,_ha r .ma
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novenent of trfqracbgaégf,l@amg_ t he valve are then connected to a control
unit, such as a m cLoco uter ggna controll
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quantity aP gzeatentesnief i ﬂ:hes trace impurities in the pure gas, the
composition of the mixture in the reservoir 15 has been
accurately detefmined beforehand using gas analysis means,
such as a gasechromatograph for example. The reservoir 15
may, for exé@_’p;l.e . be a bottle under a high pressure

15 (typically zoo.bsr).
Thefgeses in the mixture are sampled or intro-
duced into thefailuting means 16 via a sampling line 204
into which a'&c\'}mstream pressure regulator 205 is placed.
The sampling 1ine 204 emerges in an associated purge line
20 206 in which a shutoff valve 207 and an element for
creating a pressure drop, such as a gaged orifice 208, are

placed.
I1.3. The means of diluting the seous 4dm-
urit the u_e as a redetermi d_manner
25 The'c ﬂqting means 16 comprise, on the one hand,

the means 19 of

itting the flow of pure gas delivered by
the feed line’16: gat' the outlet of the purification unit 17
and, on the other “hand, three dllution stages 20, 21, 22
placed in series. A pressure gage 86 is placed in the line
30 162 upstreanm of the splitting means. _

The splitti.ng means 19. comprise the regulating
device  14B an_d two lines 209, 21_9,: said regulating device
and said lines being connected in _parallel with the feed
line 162. A gaged restriction 2i1,' 212, such as a gaged

35 orifice, is placed in each line 209, .210.

The 1ine from the regulating device 14B as well
as the lines _2_9 .'___"._'and 210 with their respective orifices
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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.

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 line 237 is connected to
the feed 1line 232 of <the dilution -stage 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 backpressure regulator 240, is
placed. The pressure of a backpressure regulator in one
dilution stage is set in such a way that, on the one hand,
the sonic conditions for the dilntiﬁg means are preferably
satisfied and, on the other hﬁnd; the pressure set is
slightly higher than the pressuté_#et in the backpressure
regulator placed in a dilution sﬁhééidownstream, so as to
ensure that the gases flow toward?ipézanalyzer 3.

The feed line 232 of the dilution stage 20 is
joined, downstream of the préssqgg, regulator 205 and
upstream of the shutoff valve 2@7:1tp the sampling 1line
204. ERr
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.



.20 172, 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 in the delivery line 162. The feed line 160 is
connected, downstream of the 25 valve 174, to a purge line 182 in.which an
el enent 184 for creating a pressure drop, such as a gaged orifice, is
pl aced. The outlet line 162 is connected, at the end

opposite the diluting neans 16, to an asieci ated purge line 30 186 in

whi ch an el enment for creating a pressure drop 188, such as a gaged
orifice, is placed. The purge lines 182 and 186 cone together
into a common pur geThe nELav80 adothet intet off tshehgdjibut bon fStege B84

and 188. 35

ecendi na. o tSﬁt in sﬁéhlaz QQ?L%H&E ?f a{'futpiﬁdf"fﬂ" OQxéiﬁBieS, toﬁ
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val ve 176 of ttie pure gas output by the line 230 is obtained. 13
respondi ngsoutl et are, §ercouesd) Q:heSWzEEQ'leﬁgﬁxﬂiQ% &h%&ty Ié)raltérd Rgi ng
t he condU|ts 33 e@ga% |n§o COﬁﬁle%&thﬂ W §h g as to be
anal yzed from ipe §EP§et+WRHﬁﬁ¥1Fﬁe"B FVf?Qﬁ c%Jvhlch
purifies this hgastabdelivent berthalaredyz@l, 317hisl i why EBO feel iMineche
I sol ating HASE the final ailutlibnt Beagel vseipéiddies Gaspldut e the
pressure 242 in which a mass flow regulator 244 is placed.
10 The outlet line 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 guantity of trace impurities
15 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 is generated for example by a
permeation cartridge 250 outputting approximately
250 ng/min and connected as a branch off the pure gas line
20 230 of the second dilution stage 21.
This permeation cartridge contains water heated
here to approximately 50°C and includes, at one end, a
silicone membrane through which the Hz0 molecule diffuses: .
It will be noted that the cartridge could be
25 placed on the first stage for a higher permeation rate, the
permeation rate being chosen to generate in the line a
~ content eqguivalent to that of the gaseous impurities'
present at this level of dilution.
Table 1 below shows, for a predetermined compo-
30 sition of the j’as mixture in the féservoir 15, two examples
of manufacture of a pure gas charged with a predetermined
guantity of trace impurities which i.s output by the outlet
line 10 of the delivery device 9, :t:__pgse examples being made
in one case with hydrogen as the pure gas and in one case
35 with nitrogen as the pure gas.



~source 5 is changed, the valves 170, 176 of which hitherto wer e open,
“are switched to the isolating state and the 10 valves associated with

anot her purifier are switched to the comuni cating state.

By virtue of the construction of the valves 170 to 180 and by virtue of
the orifices allow ng a | eakage flow, the feed |line 160 and the outl et
line 162 are 15 continuously purged. This purification unit 23
furthernore has the advantage that itl%an be used with various kinds of
gases to be purified and that it is virtually free of flow st agnat'i on
vol unes. Advant ageously, in order to swtch the valves, 20
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val ve 25 are|connected t[)HFSQQNPﬂvliDn t}mBUEittﬂﬁéi i dmpuokplesr ¢r a

| ogi c controlller for exanple. Jbisgcont}oly,URite i ufleyy, pureWdds hiing
| ogi ¢ means. THesE IOgrT reans. are prooJce(i~_ saﬁﬁﬁ%r—lﬁwr—’a
conputer  prdgram® cadel iaB% thol 020, ppboolio.1-04pRD o

_ cl udes
the possibilijfty df, twoj 30 puﬁifiers bei ng. si nul t aheouk! 82 ippb

comruni cation jwi t h ,f he feedg ne 16p a N utl ¢t |1ine_162.
1. 2. The dotr \,cﬁ fF—rmpurt cc%J 6.4 i?%c spurceof—mpurijti es 15
conprises a rdservdi cont #%ing alni x@4AEPPP vali ouk-&3 BPP of |gases

such as, for 35 exsgple,{Nerrlsg Cerg], 6139j§k§;r], Ck[egz]ppﬂ4[err], Ar,
€

Kr, Xe, He, etfC: Thi § m Xt g e has been pl.oduced | C y tfhat the
vol une conceht%—&%—eﬁ—res&—e#%—he—ga%e&—?—#éﬁ%& i tuf”ii 62 5 pvkgre of the

sane order of |magniCH4de. _ 5% 0.20 ppb 1.62 ppb
‘ Xe _ 5% 0.20 pph 1.62 ppb
Kr ' 5% 0.20 ppb 1.62 ppb
H,0 permeation 0.81 ppb 1.58 ppb.
cartridge
Table 1
5 By virtue of the fact that the initial composi-

tion 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 obtained.

10 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 concentratang of the trace impurities
by a factor of 100. 3?

By virtue of the fact that the reservoir 15

15 contains a mixture of several gases, this constitutes trace
impurities in wvarious pure gases. Together with the
purification unit 17, the generation of a pure gas charged
with predetermined quantities of: glven trace impurities is
therefore considerably facilitatgd.by this device.

20 I1I. Device for se ng one of the two



14 For safety reasons, the concentration of an inert - gas,

" such as heliumfor exanple, is chosen preferably to be much hi gher than
t he vol une concentration of all the other constituents of the mxture.
By virtue of such a5 conposition of the m xture, oxidants, such as
Jerr] or CO may coexi st together with fuels, such as CHerr], for
exanpl e, wi t hout their being a risk of the reservoir 15 catching
fire or expl oding. In orderl®& o know accurately, after
dilution, the 10 contents of the trace inpurities in the pure gas, the
conposition of the mxture in the reservoir 15 has been accurately

det er ni ned beforehand udFnhagadlaeady sheendessribed, sthe devicq k3 for
chr omat ogr aph dalfecimmpbae dhethie stard ejasesScompriges twar fesdnpises bl ,a

bottle under a hi QJ},eDroefS% hlSélgt XQ'E@]lujxé/ct%%Of%aq: e anal?'ﬁln% } ?, ng

gases in the mxture are

neans 16 via @hnthe ngt ?‘Fve 12%)4 to tﬁ‘?\t%‘lw‘ﬁ‘i:h“d‘%o’d%s?? e pfelivery

regul ator 205 devigea®ad. The sanpling |ine 204 emerges in an associ at ed

purge line 20 206 in whi.ph %éq__,dshﬂﬁgf i/al 't e%gz.gggd ﬁ]n gl gggg%ct{‘gé

creating a pressure drop, suc gage orifice
1. 3. The nBFEe ofiBe| AA0gakte 39asedine | feed lipgs| t’y‘- and hd2puree gas
i n a predet er necwtedcsi ogither by meansTbE ai Iwhnegtﬁmgnsiﬂ@ SOAPrTRE, ON

t he one hand, he f | ellvered

by t he feeﬁo?l?én%%etl%e&{)uﬁ) éf'éﬁ'#&%htg g.'t?rl |ca 3(‘%%??1 and,
on the ot W&t h@dsl, dehiveryi 1ine o306t oFee owtlety obothe am-'b)é%ﬁf ih adpPes. A
pressure gage Sﬁergespl ﬁﬁednl Aaskbeidte® Plrgd 6PinwsiosanThé plhiegephihésng

SESTee 140 and?¥ho0pe 30 Sl B nlSe IR Sttt 439,
lines being coRRSERERESYFr o Zeamlakoy 314 thfe Pflééﬁd In e pumse 1ingagey.
restriction 211, 212, suirh cx¥iex gagedl Brer dhef gae, contaplrmaedn kheaglinki ne
209, 210. 15 11 to the analyzer 3, the sum of the flow rates D3ig + D312
controlled by the flow regulators 310 and 312 is set to a
flow rate which is less than the flow rate D;; of the flow
output by the line 1i. In order t_o deliver a calibration
gas, that is to say either a pure _Qas or a gas charged with
20 a predeterminedf quantity of impurities, to the analyzer 3,
the flow rate D3jp of the flow regtf_]_.ator 310 is set so that
it is greater than the flow rate__'Du of the flow coming
from the line 11, and the flow rate D332 controlled by the
flow regulatmn 312 is set so that 1t is slightly less than
25 the gas flow rate Dj; in the line 12. The pressure of the
gas introduced into the analyzer 3 is controlled by the
backpressure regulator 314 placed in the purge line 302.
Advantageously, by means ": of such an arrangement,
it is possiblé’" not only to select, for delivery to the
30 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
the flow rate and the pressure.
By virtue of the fact that a smaller number of
35 regulating components is used ccgm;p'ared with the device
described in the aforementicned Patent Application FR-A-
2714968, the cost of the plant is conszderably reduced. In
addition, a red_uctlon in the numlger of regulating com-



The Iine fromthe regul ati ng device 14B as wel | as the lines 209 and
210 with their respective orifices
15 211, 212 each forma branch for feeding a correspondi ng
di lution stage 20, 21, 22, with pure gas. The operation of
such flowsplitting neans is described in detail in Patent Application
FR- A-2714968 in 5 the nanme of the Applicant Conpany Conpany. This is why
this operation will not be described hasei nbel ow. Fi gure
5 shows an exanple of a dilution stage 20, 21 or 22. A dilution stage
20, 21 or 22 congrises a pure gas feed line 230, connected to a
correspondi ng bPERBRABf akFo ¢ Reasp| i thathg themes 10, aandifABrease in the
i mpurity-cont ai AFAYrgep dekdreliabilii€y28€.the aggaratus' A mass flow

2 SO

regul ator 234 is placed in the feed line 2 as %b enabl e the degree
of dilution of the dilution stage to be varied. 15 The feed
| ines 230 and 232 are joined together in such a way that they energe in
a comon m xing |ine 236. The |line 236 eneriges, on the one hand, in an
outlet 237 of the dilution stage. This outlet line 237 is connected to
the feed line 232 of the dilution stage placed just 20 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
backpressure regulator 240 is pl aced. The pressure of a backpressure

regul ator in one



25 dilution stage is set in such a way that, on the one hand, t he
“sonic conditions for the diluting neans are preferably satisfied and,
on the other hand, the pressure set is slightly higher than the
pressure set in the backpressure regul ator -placed in a dilution stage
downstream so as to 30 ensure that the gases‘fIOM/tomard t he anal yzer 3.
The feed line 232 of the dilution stage 20 is™ j oi ned, downstream of
the pressure regulator 205 and up§H¥ean1of t he shutoff val ve 207,
to the sanpling line 204. 35 The outlet line 237 of the
final dilution stage 22 enmerges in the outlet line 10 of the delivery
device 9, downstream of the regul ating device 14B.

16 The flows at the inl etexfymgach dilution stage are set
in such a way that a dilution, for exanple, of approxi mately 1/1000 of
the gas output by the line 232 in the pure gas output by the line 230 is
obtai ned. 5 1. OSedsgtien dewice diar dedpyeriyg gonat P ytve gases a

grledeter{n n?ﬁ qwn&mtapﬁréﬁwe(s)rmu:rdﬂpﬁsm@lshfifétd(ayi)ceand a hascédia
elirver (0] e

di lution stage Iyifﬁﬁe§°§ Efﬁgsgghyﬁ%y feeég l:%eﬁﬁrﬁﬁ2%%ﬁg§§tggﬁ%kya

regul ator 244 igap| ®esh £eed line (11, IPjcepgryidng|ime msobcmeedpﬂ:rwry

device 9 ouiped S @duyr € 302y, i Nahde aca%emanwm@xkhédtqdneguhaéor@

is set to a flow rat rea{__ﬁer g: an fte ?t ) et&_’he(lrleguif)t Olo a ggréno% tQSG

di | ution stage E%“%% Put¥%a 56 S ’ g
dellvery line. (306) connected to. an inlet of the apparatus
(3), an outlet .of the apparatus - (3) being connected to an
additional purge line (308), an element (310, 312, 314) for
creating a pressure drop being placed in each purge 1line
(300, 302, 308), the element (310) for creating a pressure

15 drop in the purge line (300) assoc1ated with the first feed
line (11) as well as the element (312) for creating a
pressure drcp in the additionai purge line (308) being
flow-regulating_ elements, characterized in that the element ~
{314) for creating a pressure drop in the purge line (302)
20 associated with the second [feed 1line (302) is a

backpressure re_gulator and in that ‘the common gas delivery
line (306) is only connected, on the one hand, to the
connection 1line (304) and, on the other hand, to the
apparatus (3).




charged with a predeterm ned quantity of trace inpurities 15 in the case in
"which the flowrate controlled by the regul ator 244 is less than that
of the regul ator 234. The inmpurity Herr]Ois generated for
exanple by a per neati on cartridge 250 out putting approxi mat el y
250 ng/ mn and connected as a branch off the pure gas line 20 230 of the
second dilution stage 21. This perneation cartridge contains
wat er heat ed here to approximately 50C and i ncludes, at one end, a
silicone nenbrane through which the H20 ngl ecul e di ff uses. It
will be noted t H~Elg f oy Sk St age for
a hi gher éﬁ#@g&%’ﬁ'{ &g‘t‘&%ﬁ qu BEE%%ﬁgléﬁugggﬁiﬁﬁgﬁgsg %% generate
in the Ilne a content equival ent A‘f%f‘mt §t of the gaseous
inmpurities present at this |evel of gg. Table 1
bel ow shows, for a predeterm ned conpo- Sltl on of the gas mxture in
the reservoir two eri®ldsvice @3)naintanded etofdel prare oges oghamwged
with a predet u t e ur ch p by
%ra]@e ®omind!l'ePbh m%ffe&agee fggag 14det LN 1] ot Py

the outl et el 1ver exang i ng made
in one case watPPaFT?&Pﬁger?%rtiﬁés g%&r%nd 1ine5n43008se 393) HQEPESt r ogen
as the pure gadvely associated with each feed line (11, 12).l1T%The feed

|mpurities  GYRes P 12530%%“&{]&“&@@0%0%aaﬁgfyzer (3) via a
common connection line (304) and a common delivery 1line
(306) . The out;_.et of the analyzer (3) is connected to an
additional purge line (308). Placed in the purge lines
(300, 302) associated with the feed 1lines (11, 12) are
respectively a  flow regulator (310) and a backpressure
regulator (314), a flow regulator (312) being also placed
in the additional purge line (308).
Application to the feed for an ionization mass
spectrometer.

Figure 1




.reservoir in Il mpurities, I mpurities, vol . %

H err] pure gas N err] pure gas Jerr] 5% 0. 20
ppb 1.62 ppb H err] 5% -

1.62 ppb N err] 5% 0. 20 ppb - Ar
5% 0. 20 ppb 1.62 ppb CO 5% 0. 20
ppb 1.62 ppb CJ err] 5% 0. 20 ppb

1.62 ppb CH err] 5% 0. 20 ppb 1.62 ppb

Xe 5% 0. 20 ppb 1.62 ppb Kr 5%
0.20 ppb 1.62 ppb He 1k 55% 2.19 ppb
17.85 ppb Herr]O © perneation ~0.81 ppb 1.58 ppb
cartridge Table 1 5 By virtue
of the fact that the initial conposi- tion of the reservoir 15 has been
accurately determ ned bef orehand and that these inpurities are diluted
in a very preci se manner, a pure gas containing a precisely known
concentration of trace inpurities is obtained. 10 I n addition,
using the flowreters 234 ,n the feed i ne 232 of each dilution stage
20, 21, 22, it ig possiblle t'oyvary the range of concentrations of the
trace inpuritiesI by factor ¢f 100. BRe)irtue of the
fact that the reservoir contains a mxture of sev | gases, this
constitutes trac in various ure gase Together -with
t he purificafion e|generation off a pure gdd_¢harged wth
predeterm ned quantities nitrace inpurigies is therefore

consi der abl y facLIitagg glevi ce. 20 [11. Device for

selecting one of {thd t
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18 As has al ready been described, the device 13 for

sel ecting one of the two gases conprises two feed |ines 11, 12, one of
which, 11, is connected to the analyzing line 7 and the other, 12, to
the outlet line 10 of the delivery 5 device 9. Each feed
line 11, 12 energes in a respective purge line 300 and 302. The feed
lines 11 and 12 are connected together by neans of a connecting |line
304. The connecting line 304 is connected to the analyzer 3 via a 10
gas delivery line 306. The outlet of the Zpalyzer 3 al so energes in an
associ ated purge line 308. The purge Iin% 300 and 308 each include a
mass fl ow regul ator 310, 312. A backp u el ator 314 is placed in
the purge |ine 302. I n orde “defver the gas contained in
the line 15 11 to the analyzgr 3, the s ' | ow rates D310 + D312
controlled by the flow regis atcor 238 an 2 Jto a flowrate
which is less than the fl r be out put by the line
11. In order tghdeliv o~ 2 R NS, NN t s to say either a pure
gas or a gas clarged weh N . N 2N gy Of inmpurities, to
t he anal yzer 3, S Ve (D07 BN it h regul ator 31p is set
so t hat it is g s ' : DR f the fl o®@¥pning
fromthe |ine 11,5@3%' 7 ) EONER by the f | ow
regul ation 312 is_se a0\}i . I n 25 the flow
rate Dlerr] in thefli 1\ yressyre of. _ i ntrodlitef into the
anal yzer 3 is qgn£ ol | NG . ; |t or 314 placed in
t he purge |ine 302. Iy , neans of such an
arrangenent, it e 39" ; \ delivery to the 30
anal yzer 3, the gas t¢ beN% AN gas, but it is
al so possible to control
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the introduction of the gases into the analyzer 3, such as the flow

rate and the pressure. By virtue of the fact that a snaller
nunber of 35 regul ating conponents is used conpared with the device
described in the aforenentioned Patent Application FR-A- 2714968, the
cost of the plant is considerably reduced. In. - addition, a reduction in
t he nunber of regulating com . 19
ponents al so nmeans that there is an increase in the accuracy and
reliability of the apparatus 3. 3/4
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1. Sel ection device for delivering one of two gases 5 to an
apparatus (3), conprising a first (11) and a second (11) line for

. respectively feeding a first and a second gas, each feed line (11, 12)
energing in a respective purge line (300, 302), and a comon connecti on
“line (304) connecting the two feed lines (11, 12) to a common gas 10
“delivery line (306) connected to an inlet of the apparatus (3), an
outlet of the apparatus (3) being connected to an addi tional purge line
(308), an elenment (310, 312, 314) for creating a pressure drop being

pl aced in each purge line (300, 302, 308), the elenment (310) for
creating a pressure 15 drop in the purge line (300) associated with the
first feed line (11) as well as the elenent (312) for creating a
pressure drop in the additional purge line (308) being

flowregul ating el enents, characterized in that the el enent (314) for
creating a pressure drop in the purge |I2 (302) 20 associated wth the
second feed line (302) is bac gﬁessure regulator and in that the
common gas delivery l'ine (306) is only connected, on the one hand,

to the connection line (304) and, on the other hand, to the

apparatus (3).
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