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SELECTION DEVICE FORoEL:lYERING EITHE7 "fWi/O 
GASES TO AN APF'ARATUS 

The invention relates to . a selection device for 
delivering a gas emanating fi:;-om orie of two feed lines to an 
apparatus, especially a trace-imP,~ity analyzer such as an 
atmospheric-pressure ionization m~ss ~pectrometer. 

5 Such a selection dev~c~, designed to feed a 
trace-impurity analyzer either wit}l a gas to be analyzed or 
with a "calibration" ·gas which. is a pure gas or one 
containing impurities at preciselr known concentrations, is 
known from Document FR-A-2714968 in the name of the 

10 Applicant Company company. The .device of the aforementioned 
document comprises a first and a second line which feed 
respectively 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 line 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 controlled, on the one hand, 
using an upstream pressure regulat:~r mounted on a discharge 

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

Each purge line of the feed lines includes a mass 
··.:.'·. 

25 flowmeter. These flowmeters allow· :selection either of the 
·.;~: gas to be analyzed or the calibration gas. It may therefore 

· .. · .. ·,· 

be understood that for selecting ~e gas delivered to the 
analyzer or for controlling the par~meters relating to ·the 
introduction of the gas into the :~ri~l,.yzer, use is mad~ of 

30 three mass flowmeters, placed in e8:eh of the purge lines, 
as we11 as an upstream pressure 1:eW1ator placed in a iine 
branched off from the common lin~ ~dr.delivering gas to the 

35 

apparatus. 
The present 

device by providing a 
invention ail'lls to simplify the known 
selection devi.~e which is simpler and 

more economic. ,. 
For ttiis purpose, the sub}~c;t of the invention is 

a selection device for delivering- ~riE! of two gases to an 
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apparatus, cqmprisinq a first .and a second line for 
respectively fe~ding a first and·-. a second gas, each feed 

line emerging . in a respective .purqe line, and a common 

connection lin.e connecting the twc:> feed lines to a common 
5 gas del,i very l,ine connected to an. inlet of the apparatus, 

an outlet of ~e apparatus being·,ponnected to an additional 

purge line, an element for crea1:tng a pressure drop being 
placed in each purge line, the element for creating a 
pressure drop in. the purge line associated with the first 

10 feed line as well as the element for creating a_ pressure 

drop in the additional purge lipe being flow-regulating 

elements, characterized in that ~h~ element for creating a 
pressure drop iri ·the purge line ~a;sociated with the second 
feed line is· ·a backpressure rl!(J~lator and in that the 

15- common gas delivery line is only connected, on the one 
hand, to the connection line and, on the other hand, to the 
apparatus. 

Other characteristics and advantages of the in­

vention will appear from the following description given by 
20 way of example but having no l,imiting character, with 

regard to the appended drawings in which: 
Figure 1 is a general >diagram of a plant ·for 

delivering, to an apparatus, eith~f -a gas to.be analyzed or 
a pure gas, or else a gas cha~~d with a predetermined 

25 quantity of impurities; 
Figu#e·/2 is a sectiona1.:yiew along the line II/II 

in Figure 3 of ~ivalve of ~e regul~ting device in Figure 1 

as well as of a valve of a purif.fc~tion unit in Figure 1, 
. . . . '.· . 

in the .isolating_ position; _. 
30 Figure: 3 is a sectioJ.laf view, along the line 

III/III in Figure 2, of the same\v~~~e in the communicating 
;,\ .· :·. ,' : 

position; Figure 4A is a secti~h-~~ view, along the line 

IV/IV in Figure 2, of· the valve ~11,~h~ i~olating position; 
35 Figure . 4B is a sectic)riar. view, alonq the line 

IV/IV in Figu~~ 2, of the . va+.~~- in the communicating 
position; and · 

Figure 5 is a diagram of a dilution stage. 

---- "' 

.J 
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Figure 1 shows a plant 1.for delivering gas to an 

apparatus 3 such as, for exa1'pie, an apparatus for 

analyzing trace impurities in a q.,s, of the atmospheric­

pressure ionization mass spectro~~ter. such an analyzer J 

s is capable of measuring trace impurities in a gas at' very 

low concentrations of between 10...:2 to (sic] 10-s ppm, or 

indeed from 10-3 to 10-6 ppm. As will be explained in 

detail hereinbelow, this plant 1 delivers, to the apparatus 

3, alternately a pure reference g~s or "zero gas", that is 

10 to say a gas typically containin~.·· less than io-4 ppm of 

impurities, a gas charged with a ~?."~determined quantity of 

known .gaseous impurities such asi for example, H20, C02, 

CO, 02, CH4, H2, etc. , at concentp8:tions varying within a 

range extending for example . from 10-s ppm to 10-2 ppm, or 

15 else a gas. to be analyzed. Furthermore, this plant must 
control the parameters relating tq't;.he introduction of the 

gas into the analyzer 3,· such as tJie .pressure and the flow 

rate. 

In addition, this plant mµst allow the successive 
20 use of various kinds of gas to be analyzed. 

For this purpose, a sour~e.S of a pressurized gas 

to be analyzed . is connected via a .sampling line 6 to the 
gas delivery plant 1. This spurce 5 comprises, for 

example, a single source of one ki~d.of gas to be analyzed, 
25 or several pres,Surized sources· of-. '.J~rious kinds of gases, 

each connected via a sampling lin~·t:o·a device intended to 

deliver any one of the several gai~s: to an apparatus, such 

as the device 'described in Fren~h· ~a:tent Application No. 
FR-960756096 filed in the name· of;:;th4a. 'Applicant Company on 

30 June 18, 1996. 

The s'ampling line 6 is:· o.Jonnected, on the one 

hand, to an analyzing line 7 and·,>bn"·the other hand, to a 
. : . ~: . . ·· ... 

feed line 8 of· a device 9 for de~iv~~.ing a pure gas or a 

gas charged with a predeternli~~d<':~uantity of gaseous 
" 35 impurities. , ,, i, 

The analyzing line 7 and :an outlet line 10 of the 
deli very device·. 9 are each conn~bt.kd to a . corresponding 
inlet line 11, '~nd 12 of a select{cm: device 13 in order to 
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deliver to the apparatus 3 either the gas contained in the 

ana_lyzing lin~. 7 or the gas output by the outlet line 10 of 

the delivery device 9. 

A de:vice 14A, for regulating a predetermined gas 

5 flow for ga•ca·s to be analyzed which have substantially 

different mol'r masses, is placed in the analyzing line 7. 

The·~elivery device 9 comprises a source of pure 

gas, a source is of impurities and means 16 of diluting the 

impurities in the pure gas in a predetermined manner. 

10 The S,ource of pure gas .consists, on the one hand, 

. ,,of. the source 5 of the gas to be analyzed and, on the other 

·.·hand; of a uri"it 1.7 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 

15 placed in the · feed line B. It will be noted that the 

purification ·µn,it is located advantageously downstream of 

the flow regul~tion. 

The .·· diluting means 16 include means 19 of 

splitting the-~as flow output by the purification unit 17, 

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

in series. 

A i>;-anch 23 of the flow-splitting means 19 in­

cludes a devic~ 14B for regulating a predetermined upstream 

qas pressure ~Of' qases having s~stantially different molar 

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

The ·'.~tructure and operat::i.'~n of the various units 

of the gas· delivery plant 1 wi11};be described in detail 

hereinbelow. 
:·.;:. 

30 I. . Device for reaulati.tjg the flow of gases 
hayina substantially different moial:::;masses • 

. ·.· ( :, , 

I. 1 :· Structure of the reQulatinq deyice: 
·, '· . 

The ·regulating device i4)t'is placed in the ana­
lyzing line 7. Placed upstream ~!'.'.this regulating device 

35 14A is a pressure qauqe 25 for: 4etermininq the pressure 
upstream of ·the . regulating device .. 14.i:. 

The ;r~gulatinq device 14A··: includes, for the em­

bodiment showni/.·j1 qaged restriction''~:?, for example a gaged 
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orifice, placed in the analyzing l~ne 7. Placed upstream of 
the or if ice 27 is a branching v_alve 29, shown diagram­
matically sur·rounded by dashes, for the selective use of a 
bypass line 31. 

5 The valve 29 comprises :~ first conduit 33 per-
manently conn_ected via one end to':·the bypass line 31. It 
=-·tu~thermore comprises a second, always-open conduit 35 

-:-~ttt~h is-- placed in the analyzing· line 7. 

The first conduit 33 and, the second conduit 35 of 
10 the· valve 29 may be brought i~to communication by an 

actuator 37 I aS Will be explained in detail :hereinbelOW 1 

which can switch between a position for bringing the first 
conduit 3~ into communication with the second conduit 35 

and a position for isolating the first conduit 33 from the 

15 

20 

25 

second conduit 35. The bypass line 31 is connected via its 

other end 39, downstream of the orifice 27, to the 
analyzing line·1. 

A second gaged orifice 41 is advantageously 
placed in the bypass line 31, as close as possible to the 
end 39 of tjle latter. Thus, a flow-stagnation volume, 
form~d in the i-solating position of\the two conduits 33 and 

:.;_·· .. 

35 by that part of the bypass liJl:e __ 31 lying between the 
orifice 41 and the end 39, is as small as possible. . ;.:. 

The s~ructure of the regulating device 14B is 
identical to that of the device ··1,4A. This is why the 
identical ele~ents bear the same refel;ence numbers. 

This device thus includ~~- .a first orifice 27 

placed in · a f~ed line - 85 for ~---· p'U.~e gas output by the 
, purification unit 17. Placed in tbis:X~i,ne 85 is a branching 

30 ·valve 29 identical to that of the device 141'. connected to 
the conduit 33: o_f the valve 29 is ·6rt~' jend of a bypass line 
91. The other end of this line 9.1 ;,i~~Jpined downstream of 
the orifice 27- to the feed line $5;.;-i, ~~qed or if ice 41 is 
placed as close as possible to ~ti~':\~nd. 92 via which the 

35 bypass line 91 is joined to the f~«ad -l-ihe· 85. 

devices; 

I. 2. structure of the ~#iye- of the regulating 

·, .. 
··' .. 
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A~. embodiment example of. the valve 29 fitted in 

the regulat4.pg devices 14A and 14}3 is described in detail 

hereinbelow.'>such a valve, of the electropolished DAD type, 

is for ex~m~l~ derived from a valve marketed by the company 

5 NUPRO and m~~ufactured by the com~~y SWAGELOK • 
.-·: .· 

As shown in Figures 2 ·and 3, the valve 29 in-

cludes a bo~y 51, in which the first conduit 33 and the 

second cond:U~t 35 are made, a c).osure member 52 and an 

actuator 37/.shown in part, which screwed onto the body·51 

10 by means of a nut 53. 

Th~· second ·conduit 35 (Fig. 2) is formed by two 

conduit sections 55 and 57 and by-, an axisymmetric annular 

chamber 59. •·'.Emerging in a lateral part of the bottom of 

this chamber 59 is one SSA~ 57A 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. The~e ends 55B and 57B are diametrically opposed. 

The two connectors 56 are intende(l to be connected to the 

20 analyzing lipe 7, with regard to ~he regulating device 14A 

and to the feed line 85, with re~ard to the regulating 

device 14B. 
.• 

The chamber 59 is foritied 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 consi,~'t;s of a combinatio'rf ··of two diaphragms 63 

joined toqe~~~, these diaphragm~;' ·~~vering the recess 61 
and constitutil'.lq.the upper wall o~>the chamber 59. 

30 

35 

The':.diaphragms 63 are/~de: of an elastically 

deformable m~terial, for example '.11\etai. Each diaphragm 63 

is a disc, : the central part ~f .·w~ich is domed in a 
direction away from the body 51. ~e .. ~d.~e of the diaphragms 
63 is clampe<i. in a sealed manner' b~t'tl~'en the annular edge 

of the rece~~. 61 and an annular ed~e.,:·o~·: a holding piece 67 

which forms part of the actuator l'.7 •.. The piece 67 is made 
in the form <:It. a dish so as to a1i~~ ~ovement of the domed 
part of the · d·.i,aphragms 63. \ .. 

. '·;, .. 

·.::-. 
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In its central part opp?site the diaphragms 63, 
the holding piece 67 includes a guide bore 69 in which a 
pusher 71 d~iven by a rod 72 of th~ actuator 37 can slide. 

The· f:irst conduit 33 of. the valve 29 comprises a 
5 single straight blind hole, which., extends perpendicularly 

to the axis defined by the ends <!Sss, 578 of the conduit 
sections 55, 57, and a connecting duct 73 which emerges at 
the center of the recess 61. 

one end, 33A, of the first conduit 33 emerges in 
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 bypast; line 91 in the case of 
the device 14B. 

The end of the duct 73 e~erging in the recess 61 

15 includes a cylindrical seal 75 which is forcibly fitted 
into the body 51 of the valve and ~hich projects into the 
chamber 59. · 

Figures 2 and 4A show th~ valve 29 in the posi­
tion for isolating the first conduit 33 from the second 

; . ,'.:,.'" 

2 o conduit 3 5. In such a case, th¢ central part of the 
diaphragms 63 f:s compressed in a. sealed manner by the 
pusher·71 onto the seal 75 so that the duct 73 is isolated 
from the chamber 59. 

NeveJ:theless, a gas intrC)duced into the second 
25 conduit 35 of the valve flows fre,ely, for example from the 

conduit section 55 into the chambei:i' 59 and then into the 
conduit section. 57, as shown by tti~··~t-;rows 79 in Figure 4A. 

It is clear t.ll~t the second condµit. 35 of the valve thus 
formed has no flow-stagnation vol~~-· 

30 Figur~ 3 and Figure 4B ~~~~espond to a position 
for bringing the first conduit 3:1::~iri~o communication with 
the second conduit 35. In such a c~~~~:the pusher 71 is set 
back. The diaphragms 63 resume th~if;:Jrtitial domed shape by 

virtue of their spring force. cons.4atttie:p.tly, a free space is 
35 formed between the diaphragms 63 :_ari~; :the seal 75 so that 

the gas flowing in the second condu:(t. 35 flows away largely 
via the duct 73 ·into the first cond;ui.t 33, as shown by the 
arrows 81 in Flc;ittre 4B. . '. 
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I.3. operation of the req~lating deyice: 

The operation of j:he reqU:iatinq devices 14A, 14B 

are explained hereinbelow with regard to Figure 1. For this 

purpose, two .. operating methods will be distinguished. 

5 In, a first operating mod~, the pressure upstream 

of the regula_tinq device is imposecf and the flow rate must 

be· approximately the same for two gases having 

substantially different molar masses. This operating mode 
corresponds to the device 14A placed in the analyzing line 

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 f ~ow 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 re~lat~ng 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 upst~eam of the orifice 27 and the pressure 
25 downstream of this orifice is greater than 2, it is known 

·=:: 

that the vol\ime flow rate D21 of the gas through the 
orifice 27 is :e_qual to: 

. . -Ji 
027 = K x P x 827 x M 

where: 
30· P =pressure upstream of the orifice 27, 

s27 = cross section of the orifice 27~ 

M = molar mass· of the gas flowing th.~(;)Ugh the or if ice, and 
K = constant which depends on the te~perature and nature of 
the gases. 

35 By virtue of the fact that,. the conduit 35 of the 

valve 29 has no flow-stagnation volUJll~ and that the orifice 
41 of the bypas£! line 31 is placed ,close to the end 39 of 
this line, the' : regulating device 14A introduces only a 
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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. 

rn the case of a gas having a greater molar mass, 
5 such as N2 for example, for the same.pressure the flow rate 

through the or.if ice 27 falls proportionally tc;> the square 
root of the ratio of the molar masses of the two gases, for 
example in the case of N2 and H2 , to approximately one 
quarter of the flow rate obtained in the case- of H2 • In 

10 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 brinqinq the first conduit 33 

into colllll\unication with the second conduit 35. The gas then 
15 flows not only through the orifice 27 but also into the 

bypass line 31 through the orifice 41. 

To the flow rate D21 is then added, at the 
connection of .the analyzing line 7 and the bypass. line 31, 

the flow rate D41 which- is given, in sonic regime, by the 
20 equation: 

041 = K X P x S41 x M-lt 0 

The nomenclature used_ is analogous to that used 
for the flow rate D21· 

In order for the flow rate controlled by the 
25 regulating device 14A to be approximately equal ,~n. the case 

of two qases having respectively a molar mass Mi _and M2 , 

the cross sec~~on 841 of the orifice 41 is chosen in such a 
way that it sa~i,sf ies the equation: 
841 = ( (M1 It /M21t) X 827) - S27 

30 where M1 is the molar mass of a gas having a high molar 
mass, and 
M2 is the molar mass of a gas having a low molar mass. 

Preferably, the cross section 841 of the-orifice 
41 is chosen in such a way that the flow rate o.f H2 in the 

35 isolating state of the valve 29 is comparable to the flow 
rate of N2 through the orifice 27 and the orifice 41 in the 
communicating state of the valve 29. 

I.3.2. Imposed-flow-rate operation: 
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This operating mode of the regulating device is 
most particularly beneficial in the case in which the flow 
rate upstream of the regulating device is imposed and in 
which it is necessary to estab.lish a sonic regime or a 

5 near-sonic r~qime for flow-requ~atinq 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 ~he flow regulator 18. 

It ·will be understood h,ere that the "sonic" re-
10 gime is pref~rred and that the fact of departing too far 

therefrom qliite 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 lying 
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 line 85, as was 
described w,ith reqard to the deyice 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 isolatinq position of the 
valve 29 is glven by the· equation: 
P == K' x D18 x -1't- x s83- 1 

25 with: 
0 18 =volume ~low rate imposed by.the flow regulator 18, 
K' = a const;~rli: which depends on the nature of the gas and 
on the temper:ature, , · .. 
S27 = the cross section of the ori(ice 27. 

30 The cross· section of t)l~ orifice 27 is dimen-
sioned in such a way that, for '. ~ ··. light gas such as H2, 
sonic conditions are attained upst~~am of .. the orifice 27. 

In the case of a gas, su9h as N2, having a high 
molar mass, the pressure upstr~a~. ;:.~f the orifice 27, for 

35 the same flow rate, is approxima:t.ely four times greater 
compared to the upstream pressure·.· (,btained in the case of 

H2. 
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This is why the valve 29 is switched to the state 
for bringing the first conduit 33 into communication with 
the second conduit 35. The gas then fl~ws not only through 
the orifice 27 but also through the orifice 41. The 

5 pressure upstream of the orifice 27 and of the orifice 41 

is given by the equation 
P = K' x Die Xi/' x (827 + 841)-l 

with: 
541 = cross section of the orifice 41. 

10 In order for the pressure upstream of the regu-
lating device 14B to attain sonic conditions for two gases 
of different mol~r. mass, the cross section s41 of the 
orifice· 41 is chosen in such a way that it satisfies the 
equation 

15 S41 = ( (M1 ~/M2 ~) x S27) - S21 

where 
M1 is the molar mass of a gas of high molar mass and M2 is 
the molar mass of a gas having a ~ow 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 for driving the actuator 37 
between the communicating and isolating· positions, such as 

25 pneumatic valves or electromagnetically-operated valves. 
'. -i 

The means for ~ontrolling 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 delivebing a pure gas charged 
30 with a predetermined quantity of ~a~eous impurities 

.· : <~ 

The various units of th~<device 9 for delivering 
a pure gas charged with a predetermined quantity of gaseous 
impurities, namely the purificatf()_~:'. unit 17, the source of 

35 impurities 15 and the means 16 c{t' ;:diluting the impurities 
in the pure gas in a predetermined.· manner, are presented in . .• 

detail hereinbelow. 
II.1. Purification µnit: 
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II.1.1.structure of the purification unit 

The purification unit 17 comprises an inlet line 

160 and a line 162 for deliverinq_ ~ pure qas, between which 

are placed in para;t.lel three purif;iers 164, 166, 168, such 

5 as a nitrogen purifier, a· hy~rogen purifier and an 

argon/helium purifier, for example·~ 

The inlet of each purifier is joined via a 

branching valve 170, 172, 174 to the inlet line 160. The 

outlet of each purifier 164, 166, 168 is connected to the 

10 delivery line 162 of the purificat~on unit 17 by means of a 

valve 176, 178, 180 for supplyi!lg 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 sµpplying the circuit with 

the purified gas, comprises a first conduit 33 permanently 

connected at one end to a co~responding.purifier 164, 166, 

168 • The second conduits 3 5 of the branching valves 17 o, 
20 172, 174 are placed in the inle,t 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 :a,s a gaged orifice, is 
··".·:· .. 

placed. 

The outlet line 162 is connected, at the end 

opposite the diluting means 16, tojan associated purge line 

30 186 in which an element for creating a pressure drop 188, 

such as a gaged orifice, is placed·~ 

35 

The purge lines 182 ancf: ).8~ come together into a 
·.:.-<·, . 

common purge line 190 downstream of ,the gaged orifices 184 

and 188. 

II.1.2.operation of the ~urification unit 
Depending on the kind of gas which is output by 

the source 5, the inlet valve l:?O of the purifier 164 

associated with this gas and the valve 176 of the cor-
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responding out)..et are, for example, switched to the state 

for brinqinq the.conduits 33 and 35 into communication with 

each other. Th~ gas to be analyzed from the source 5 flows 

freely through the purifier 164, ·which purifies this gas. 

5 The other valves 172, 174, 178 and 180 are in the isolating 

state. 

If the nature of the ga~ output by the pressure 

source 5 is changed, ,the valves 1to, 17 6 of which hitherto 

were open, are switched to the isolating state and the 

10 valves associated with another purifier are switched to the 

communicating state. 

By vlrtue of . the construction of the valves 17 o 
to 180 and by virtue of the ori,fices allowing a leakage 

flow, the feed line 160 and the outlet line 162 are 

15 continuously· purged. This purification 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. 

Adva~tageously, in order to switch the valves, 

20 diaphragm valves are used which include means for con­

trolling the .switching of ·the ac.tuator between the com­

municating and isolating position~, such as pneumatic or 
. . : . . 

electromagneti9a;lly-operated valves for. example. The means 
for controlling the movement of th,e actuator of each valve 

25 are connected ·~~ a control unit, sµch as a microcomputer or 
a loqic cont~o).ler for example. Th.is control unit includes 
switchinq locji~ >means. These logi.b·imeans are produced, for 
example, by . a. computer pro~~am loaded into the 

microcomputer .· wl)ich excludes the possibility of two 

30 purifiers beiJ)c/. simultaneously ii)) communication with the 
feed line 160, ·a.rtd the outlet line,'. f'62 . 

II.2. The source of·:'fwurities 

The source of impurities:is comprises a reservoir 

containing a mixture of various ki#as of gases such as, for 

35 example, N2, C02 1 co, 02, CH4, ~;'~ Ar, Kr, Xe, He, etc. 
This mixture ·pa~ been produced ,. ~n such a way that the 

volume conceritt~tions of most of \:he gases in this mixture 
are of the sa·~~ 'o~der of magnitude;:, 



14 

For s~fety reasons, the concentration of an inert 

gas, such as helJum for example, is chosen preferably to be 

much higher than the volume concentration of all the other 

constituents of the mixture. By virtue of such a 

s composition o; the mixture, oxidants, such as o2 or co, may 

coexist together with fuels, sueh as CH4 , for example, 

without their.· k~eing a risk of the reservoir 15 catching 

fire or exploging. 

In Qrder to know accurately, after dilution, the 

10 contents of tlie trace impurities in the pure gas, the 

composition o.f 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 exa;111ple, be a bottle under a high pressure 

15 (typically 200 .bar). 

The gases in the mixture are sampled or intro­

duced into the· diluting means 16 via a sampling line 204 

into which a downstream pressure regulator 205 is placed. 

The sampling line 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. 
II.3. The means of diluting the gaseous ;im-

. . 

purity in the pure gas in a predetermined manner 

25 The 41ititing means 16 c~pri~e, on the one hand, 
the means 19 c)f: ~pjiitting the flo~ bf pure gas delivered by 

the feed line:;:l.62. ~t the outlet of the purification unit 17 

and, on the otjl~i¢ .·hand, three dilution stages 20, 21, 22 

placed in series •.. A pressure gage 86 is placed in the line 
. . 

30 162 upstream ot' tije splitting means. 
The splitting means 19. ~())Uprise the regulating 

device. 14B and two lines 209, 210,. said regulating device 
and said lines b,eing connected in: parallel with the feed 

line 162. A gaged restriction 2~1~ · 212, such as a gaged 

35 orifice, is pla~ed in each line 209, 210. 

The lin,e . from the regulating device 14B as well 

as the lines 2p~i:and 210 with their respective orifices 
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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 AppU.cation FR-A-2714968 in 

5 the name of the Applicant company 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 line 230, connected to a corresponding branch of 

10 the splitting means 19, and an impurity-containing gas feed 

line 232. 

15 

A mass flow regulator. 234 is placed in the feed 

line 232 so as to enable the degree of dilution of -~he 

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 line 232 of the dilution ·stage placed just 

2 o 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 requlator 240,'l'. is 

placed. ·The pressure of a backpressure regulator in one 
25 dilution stage is set in such a way that, on the one hand, 

the sonic conditions for the diluti,.ng means are preferably 

satisfied and, on the other hand; the pressure set is 

slightly higher than the pressure ~et in the backpressure 

regulator placed in a dilution st:a~fe downstream, so as to 

30 ensure that the gases flow toward. t~~ analyzer 3. 

35 

The feed line 232 of ,the dilution stage 20 is 

joined, downstream of the pressu,]::-e . regulator 205 and 
upstream of the shutoff valve 2:07~·,:. to the sampling line 

204. 

The outlet line 237 of, ;t~e final dilution stage 
22 emerges in the outlet line 10 of the delivery device 9, 
downstream of the regulating device 148. 
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set in such 
approximately 
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flows at the inlet of each dilution stage are 
a way that a dilution, for example, of 
1/1000 of the gas output by the line 232 in 

the pure gas output by the line 230 is obtained. 
5 Of c;ourse, the "zero" impurity quantity is also 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. 

10 The outlet line 10 of the deli very 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 

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

The impurity H20 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 H2o molecule diffuse~ 

J:t 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 equivi,tlent to that of the gaseous impurities 
present at this level of dilution. 

Table 1 below shows, for. a predetermined compo-
30 sition of the gas mixture in the r;es.ervoir 15, two examples 

of manufacture of a pure gas charg.ed with a predetermined 
quantity of trace impurities which; is output by the outlet 
line 10 of the delivery device 9, ;tl},ese ~xamples being made 
in one case with hydrogen as the ,p,ure gas and in one case 

3 5 with nitrogen as the pure gas. 
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Impurities . Composition concen.tration Concentration 
of the of the of the 

reservoir in impU:~ities, impurities, 
vol.% H., DUre eras N., pure eras 

o., 5% 0.20,;·nDb 1.62 DDb 
H., 5% - 1.62 nnb 

N2 5% o.2o·nnb -
Ar 5% 0.20 DDb 1.62 pob 
co 5% 0.2.0. ppb 1.62 DDb 
co, 5% 0.2.0 pnb 1.62 ppb 

CH4 5% o.2o·pDb 1.62 pDb 

Xe 5% 0.20 pDb 1.62 nnb 

Kr 5% 0.20nnb 1.62 pDb 

He 55% 2.19 nnb 17.85 Dpb 

H20 permeation 0.81 ppb 1.58 ppb. 
cartridge 

Table 1 

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 ~ery 
precise manner, a pure gas conta,ining a precisely known 
concentration of trace impurities is obtained. 

:en addition, using the flowmeters 234 in the feed 
line 232 of each dilution stage 2(), 21, 22, it is possible 
to vary.the range of 
by a factor of 100. 

By virtue 

concentrati~ns of the trace impurities 
i·": :. 

of the fao~:, that the reservoir 15 

15 contains a mixture of several ga~eiS, this constitutes trace 
impurities in various pure g;,~es. Together with the 
purification unit 17, the generat:ion of a pure gas charged 
with predetermined quantities of: .. ~iven trace impurities is 

therefore considerably facilitatec;lby this device. 
20 III. pevice for s~lecting one of the two gases: 
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As has already been described, the device 13 for 

selecting one of the two gases comprises two feed lines 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 emerqes in a respective 

purge line 300 and 302. The feed lines 11 and 12 are 
';:: 

connected toqether by means 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 analyzer 3 also 

emerges in an associated purge . line 308. The purge lines 

300 and 308 each include a mass flow regulator 310, 312. A 

backpressure regulator 314 is placed in the purge line 302. 

In order to deliver the gas contained in the line 

15 11 to the analyzer 3, the sum of the flow rates 0310 + 0312 

controlled by the flow regulators, 310 and 312 is set to a 

flow rate which is less than the flow rate 011 of the flow 

output by the ,line 11. In order to deliver a calibration 

gas, that is to say either a pure gas or a gas charged with 

20 a predete~ined quantity of impurities, to the analyzer 3, 
the flow rate D310 of the flow reg\llator 310 is set so that 

it is qreater than the flow rate, 011 of the flow coll!:ing 

from the line 11, and the flow rate D312 controlled by the 

flow regulation 312 is set so that. it is slightly less than 

25 the gas flow rate D12 in the line 12. The pressure of the 
gas introduced into the analyzer ,3 is controlled by the 

backpressure regulator 314 placed ip the purqe line 302. 

Advantaqeously, by means .of such an arrangement, 
it is possible· not only to select, for delivery to the 

3 o analyzer 3, the· · gas to be analyzed : or the calibration gas, 

but it is also ·possible to contro{ parameters relating to 

the introduction of the qases 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 compared with the device 
described in th~ aforementioned Patent Application FR-A-
2714968, the co151t of the plant is .considerably reduced. In 

addition, a reduction in the nu~))er of requlatinq com-
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ponents also means that there is an increase in the 
accuracy and reliability of the ~pparatus 3. 
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CLAIMS 

1. Selection device for d~iivering one of two gases 

s to an apparatus (3), comprising a first (11) and a second 

(11) line for respectively fee~ihg a first and a second 

gas, each feed line (11, 12) emerc;ring in a respective purge 

line (300, 302), and a common connection 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 
additional,. purge line (308), an el;.ement (310, 312, 314) for 

creating a pressure drop being piaced in each purge l.ine 

(300, 302, 308), the element (31~) for creating a pressure 

15 drop in the purge line (300) assdciated with the first feed 

line (11) as well as the element (312) for creating a 

pressure drop in the additional purge line (308} being 

flow-regulating elements, charact~rized in that the element. 

{314") for cre(lting a pressure drpp in the purge line (302) 

20 associated with the second :feed line (302) is a 

backpressure regulator and in that the common gas delivery 

line (306} is only con~ected, on the one hand, to _.the 

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

apparatus (3). 

': ..... 

_ ..... ·. ·. 
··i:·-. •:. 


