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SELECTION DEVICE FOR DELlVERlNG EITHER OF TWG
GASES TO AN APPARATUS

The invention relates ﬁola selection device for
delivering a gas emanating from one of two feed lines to an
apparatus, especially a trace-impurlty analyzer such as an
atmospheric~-pressure ionization mass spectrometer.

5 Such a selection device, designed to feed a
trace-impurity analyzer either wiﬁh a gas to be analyzed or
with a "“calibration" gas which- is a pure gas or one
containing impurities at precisebi 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 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 flowmeter. These flowmeters allow- selection either of the
gas to be analyzed or the callbration gas. It may therefore
be understood that for selecting-éhe gas delivered to the
analyzer or for controlling the parameters relating to the
1ntroduction:of the gas into the 2

30 three mass flowmeters, placed in
as well as an upstream pressure i“

nalyzer, use is made of
ach of the purge lines,
1ator placed in a line
branched off from the common line for delivering gas to the
apparatus. I
ims. to simplify the known
35 device by providing a selection de?jee which is simpler and
more economic. _ o

For this purpose, the subject of the invention is

a selection device for delivering- o e of two gases to an

The present invention a
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apparatus, cqmprising a first and a second line for
respectively feeding a first andfa second gas, each. feed
line emerging in a respective purge line, and a common
connection line connecting the two feed lines to a common
gas delivery lihe connected to aﬁfinlet of the apparatus,
an outlet of the apparatus being.connected to an additional
purge line, an element for oreatiug a pressure drop being
placed in each purge line, the element for creating a
pressure drop in the purge linefaSSociated with the first
feed line as wéil as the elemen§3for creating a pressure
drop in the additional purge li-’_r‘_ze_ being flow-regulating
elements, characterized in that ﬁhe element for creating a
pressure drop in the purge line associated with the second
feed 1line is a backpressure regulator and in that the
common gas delivery line is oniy " connected, on the one
hand, to the connection line and, on the other hand, to the
apparatus. : _

' Other oharacteristics and advantages of the in-
vention will appear from the folloﬁing description given by
way of example but having no ﬂiimiting 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
quantity of impurities, .

Figur"fz is a sectionalnview along the line II/II
in Figure 3 of a'valve of the regulating device in Figure 1
as well as of a valve of a purif ation unit in Figure 1,
in the isolating position, _
Figure 3 is a seotional‘ view, along the 1line

IXXI/III in Figure 2, of the same
position;

ve in the communicating

Figure 4A is a se_ction
IV/IV in Figure 2, of the valve i
Figure 4B is a sectL
IV/IV in Figure 2, of the va
position; and

_view, along the 1line
.he lsolating position;

;view, along the 1line
"in the communicating

Figure'5 is a diagram of a-dilution stage.
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Figure 1 shows a plant 1 for delivering gas to an
apparatus 3 such as, for exambie, an apparatus for
analyzing trace 1mpur1t1es in a gas, of the atmospheric-
pressure ionizatlcn mass spectrometer. Such an analyzer 3
is capable of measuring trace lmpurities in a gas at very
low concentratxons of between 10 to (sic] 10”° ppm, or
indeed from 1073 to 107° ppm. As will be explained in
detail hereinhe;ow, this plant 1 delivers, to the apparatus
3, alternately a pure reference gaé or “zero gas" that is
to say a gas typically conta:.ru.ng less than 1074 ppm of
impurities, a gas charged with a predetermlned quantity of
known -gaseous - impurities such as,_ for example, Hy0, CO5,
co, O, CHy, Hy;, etc., at concentratlons varylng within a
range extending for example from 10 ppm to 1072 ppn, or
else a gas . to be analyzed. Furth_e;_*more, this plant 'must
control the parameters relating thﬁhe introduction of the
gas into the analyzer 3, such as tﬁe pressure and the flow
rate. ' '

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

For this purpose, a source 5 of a pressurlzed gas
to be analyzed is connected via a sampllng line 6 to the
gas delivery plant 1. This qurce 5 comprises, for
example, a single source of one kiﬂa;of gas to be analyzed,
or several pressurized sources of yarious kinds of gases,
each connected”via a sampling line to-a device intended to

deliver any one of the several gases to an apparatus, such
as the device described in Frené“ Patent Application No.
FR-960756096 filed in the name of th“prplicant Company on

June 18, 1996.

The sampling line 6 4 connected, on the one
hand, to an analyzing line 7 and; on the other hand, to a

impurities. _

The ana1y21ng line 7 and an outlet line 10 of the
delivery device 9 are each connected to a .corresponding
inlet line 11, and 12 of a select@on.devzce 13 in order to
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deliver to the apparatus 3 either the gas contained in the
ana1y21ng line 7 or the gas output by the outlet line 10 of
the delivery dev1ce 9. )

A devxce 142, for regulating a predetermined gas
flow for gases to be analyzed which have substantially
different molar masses, is placed in the analyzing line 7.

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

The, source of pure gas consists, on the one hand,

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

hand, of a unit 17 for purifying the gas output by the.
source 5, theﬂflcw of gas feeding the purification unit
being controlled ‘by means of a mass flow regulator 18
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=gas flow output by the purification unit 17,
which means feed several dilution stages 20, 21, 22 placed
in series. '

A branch 23 of the flow-splitting means 19 in-
cludes a device 14B for regulating a predetermined upstreanm
gas pressure for gases having substantially different molar
masses, the structure of this device 14B being identical to
that of the regulating device 14A.

The . structure and operati n of the various units

I. Device for re f-r“' e flow o ases

lyzing line 7. Placed upstream éf this regulating device

14A is a pressure gauge 25 f_or ‘determining the pressure
upstream of the regulating device 1

The ‘regulating device 14
bodiment show

“includes, for the em-
a gaged restrictioni 27, for example a gaged
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orifice, placed in the analyzing line 7. Placed upstream of
the orifice 27 is a branching valve 29, shown diagram-
matically surrounded by dashes, for the selective use of a
bypass line 31. ;

The valve 29 comprlses a first conduit 33 per-
manently connected via one end to -the bypass line 31. It

ffurthermore comprises a second, -always—open conduit 35

which is placed in the analyzing 11ne 7.

The first conduit 33 and the second conduit 35 of
the valve 29 may be brought into communication by an
actuator 37, as will be explalned in detail hereinbelow,
which can sw:.tch between a posztion for bringing the first
conduit 33 into communication with the second conduit 35
and a position for isolating the first conduit 33 from the
second conduit 35. The bypass line 31 is connected via its

other end 39, downstream of the orifice 27, to the
'~ analyzing line 7. '

A second gaged orifice. 41 is advantageously
placed in the ‘bypass line 31, as close as possible to the
end 39 of the latter. Thus, a '-"f"flow-stagnation volume,
formed in the isolating position of the two conduits 33 and
35 by that part of the bypass l:me 31 lying between the
orifice 41 and the end 39, is as sm_el-l as possible.

' The structure of the rééulating device 14B is
jdentical to that of the device;_'_'-“_]_:.;{iA. This is why the
identical elemen’ts bear the same réference 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
‘valve 29 identical to that of the d' ice 14A. Connected to

the conduit 33 of the valve 29 is :one end of a bypass line
91. The other end of this line 9:;1
the orifice 27 to the feed line 85 gaged orifice 41 is
placed as close as possible to th d 92 via which the
bypass line 91 is joined to the feed'- ne 85.

2. Structure of the {rg__l_x__e of the regulating

jgined downstream of

dez;ges;
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An embodiment example of the valve 29 fitted in
the regulatihg devices 14A and 14B is described in detail
herelnbelow:_Such a valve, of the electropolished DAD type,
is for example derived from a valve marketed by the company
NUPRO and manufactured by the company SWAGELOK.

As.shown in Figures 2 and 3, the valve 29 in-
cludes a body 51, in which the first conduit 33 and the
second conduit 35 are made, a closure member 52 and an
actuator 37fEShown in part, which screwed onto the body 51
by means of a nut 53.

The second ‘conduit 35 (Flg. 2) is formed by two
conduit sectlons 55 and 57 and by an axisymmetric annular .

.chamber 59. Emerging in a lateral part of the bottom of

this chamber 59 is one S55A, 57A of the two ends of each
conduit section 55, 57.

The other end, 55B, 57B'of each conduit section
55, 57 emerges in a respective lateral connector 56 on the
body 51. These ends 55B and 57B are diametrlcally opposed
The two connectors 56 are 1ntended to be connected to the
analyzing lipe_7, with regard to the regulating device 14A
and to the feed line 85, with regard to the regulating
device 14B. '_E '

The chamber 59 is forﬁed by a substantially
cylindrical recess 61, made in the upper face of the body
and by _the closure member 52.' This closure member
ts iof two diaphragms 63
joined together, these diaphragms coverimg the recess 61
and constitutinq the upper wall o the <chamber 59.

The diaphragms 63 are made -0of an elastically
deformable material, for exampleé' '1; Each diaphragm 63
is a disc, ‘the central part of - hich is domed in a
direction away from the body 51. The edge of the diaphragms
63 is clamped in a sealed manner‘be ween the annular edge
of the recess 61 and an annular e ‘a holding piece 67
which forms part of the actuator : }"_he piece 67 is made
in the form of a dish so as to all wfmovement of the domed
part of the_dpaphragms 63. =
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In its central part oppésite the diaphragms 63,
the holding piece 67 includes a guide bore 69 in which a

pusher 71 d;iveh by a rod 72 of the-actuator 37 can slide.

The first conduit 33 of"the valve 29 comprises a
single stralqht blind hole, whldh extends perpendicularly
to the axis defined by the ends 558, $7B 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
a respective lateral connector 34fon 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
includes a cylindrical seal 75 which is forcibly fitted
into the body 51 of the valve and which projects into the
chamber 59. | '

Flgures 2 and 4A show the valve 29 in the posi-
tion for isolating the first condult 33 from the second
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 chamberfSQ. |

Neve:theless, a gas intreduced into the second
conduit 35 of . the valve flows freeiii_for example from the
conduit section 55 into the chamb 359 and then into the
conduit section 57, as shown by th rrows 79 in Figure 4A.
It is clear that the second condultias of the wvalve thus
formed has no flow-stagnation volum '

Figuxe 3 and Figure 4Bgc espond to a position
for bringing the first conduit 33 nto communication with
the second conduit 35. In such a case, the pusher 71 is set
back. The diaphragms 63 resume thei
virtue of their spring force. Cons
formed between the diaphragms 63 &fthe seal 75 so that
the gas flowing in the second conduit 35 flows away largely
via the duct 7?ﬁjnto the first coq@ it 33, as shown by the
arrows 81 in Fiéﬂre 4B. |

"n1t1a1 domed shape by
ntly, a free space is
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3. Operation of the requlating device:

The operation of the regﬁiating devices 14A, 14B
are explained:hereinbelow with regard to Figure 1. For this
purpose, two operating methods will be distinguished.

In;a first operating mode, the pressure upstream
of the regulating device is 1mpose@?and the flow rate must
be approximately the same fer two gases having '
substantially different molar masses. This operating mode
corresponds to the device 14A placed in the analyzing line
7. | _

In a second operating mode, the gas-flow rate
upstream of the regulating device is imposed and it is
desired to establish a sonic flow regime or a near-sonic
regime. This operating mode corresponds to that produced by
the regulating device 14B.

I.3.1. Imposed pressure operation:

For. a light gas, such as hydrogen for example,
the valve 29 of the regulating device 14A is switched into
the position for isolating the first conduit 33 from the
second conduit 35. The gas from the source 5 flows freely
in the analyzing line 7 through the second conduit 35 and
the orifice 27. In the case of a flow in sonic regime, that
is to say in .the case in. which the ratio between the.
pressure upstream of the orifice 27 and the pressure
downstream of this orifice is greater than 2, it is known
that the volume flow rate D7 of the gas through the
orifice 27 is equal to: o
Dg7 = K X P x 8g7 x M ™
where:

= pressure upstream of the orifice 27,
327 = cross section of the orifice 27,
M = molar mass of the gas flowing through the orifice, and

K = constant which depends on the temperature and nature of
the gases. :

By virtue of the fact thaﬁ;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
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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.

In the case of a gas having a greater molar mass,
such as N, for example, for the same pressure the flow rate
through the orifice 27 falls proportionally to the square
root of the ratio of the molar masses of the two gases, for
example in the case of N, and H;, to approximately one
quarter of the flow rate obtained in the case of H;. 1In
this case, in order to maintain the flow rate delivered by
the analyzing line 7 at approximately the same level as the
flow rate of .a gas of low molar mass, the valve 29 is
switched to the state for bringing the first conduit 33
into communication with the second conduit 35. The gas then
flows not only through the orifice 27 but also into the
bypass line 31 through the orifice 41.

- 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
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
regulating device 14A to be approximately equal in the case
of two gases 'h_"a_v,ing respectively a molar mass M; and M,
the cross seci__:.'ibn'- 841 of the orifice 41 is chosen in such a
way that it satisfies the equation:

S41 = (M1 /M%) x 8z7) = 829 |

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 S4; of the orifice
41 is chosen in such a way that the flow rate of H; in the
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:
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This operating mode of the regulating device is
most particol_;a-rly beneficial in the case in which the flow
rate upstream of the regulating device is imposed and in
which it is necessary to es‘tabii_sh a sonic regime or a
near-sonic reginme for flow-regulating orifices, such as,
for example, those of the flow-sp'iitting means 19. The gas
flow rate upstream of the regula‘tihg device 14B is imposed
by the flow regulator 18.

It will be understood here that the "sonic" re-
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.

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
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! XDIQXM;’XS&';

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.

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 upstreain of the orifice 27, for
the same flow rate, is approximately four times greater

compared to the upstream pressure obtained in the case of
Hjy. '
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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 flows not only through
the orifice 27 but also through the orifice 41. The
pressure upstream of the orifice 27 and of the orifice 41
is given by the equation
P = K' x Dig x M' x (Sp7 + Sg1)™°
with:

Sa41 = cross section of the orifice 41.

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
Say = ((My*/M2%) x Sg7) = Spq
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
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
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
with a predetermined guantitv o

:; ous urities

The various units of the dev1ce 9 for delivering
a pure gas charged with a predeter"ined gquantity of gaseous
impurities, namely the purificat ;unlt 17, the source of
impurities 15 and the means 16 of olluting the impurities

in the pure gas in a predetermined manner, are presented in
detail hereinbelow. '

II.1. urification unit:
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IX.1.1.Structure of the purification unit

The purification unit 17 comprises an inlet line
160 and a line 162 for deliveringgﬁﬂpure gas, between which
are placed in parallel three purifiers 164, 166, 168, such
as a nitrogen purifier, a’ hygrogen purifier and an
argon/helium purifier, for exampléﬁ

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

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

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 firét conduit 33 permanently
connected at one end to a corresponding .purifier 164, 166,
168. The second conduits 35 of the branching valves 170,
172, 174 are placed in the inlet 1line 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
valve 174, to a purge line 182 in which an element 184 for
creating a piéséure drop, such ;és a gaged orifice, is
placed. R

The outlet 1line 162 Ls; connected, at the end
opposite the diluting means 16, téfan associated purge line
186 in which an element for creéﬁing a pressure drop'188,
such as a gaged orifice, is placed;

The purge lines 182 andf:aﬁ come together into a
common purge line 190 downstream'&% the gaged orifices 184
and 188. '

II.1.2.0peration of the'éurification 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-
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responding outlet are, for example, switched to the state
for bringing t_.h_e'conduits 33 and 35 into communication with
each other. 'I.‘-h'_e gas to be analy_zed__.__'from the source 5 flows
freely through the purifier 164, which purifies this gas.
The other valves 172, 174, 178 and 180 are in the isolating
state. |

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

' communicating state.

By virtue of the construction of the wvalves 170
to 180 and by virtue of the orifices allowing a leakage
flow, the feed 1line 160 and the outlet 1line 162 are
continuously - purged. This 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,
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
are connected to a control unit, such as a microcomputer or
a logic contz; ler for example. This control unit includes
switching log LC f.__n_;eans. These log means are produced, for
example, by' a computer program loaded into the
nicrocomputer which excludes the possibility of two
purifiers hei.ng3 simultaneously communication with the
feed line 160 and the outlet line 162.

IX1.2. The source of impurities

The source of impuritie's’{_f':':is. comprises a reservoir
containing a mixture of various kx ds of gases such as, for
example, Np, €O, CO, O, CH,, Hz, Ar, Kr, Xe, He, etc.
This m:.xture ‘has been produced .1n such a way that the
volume concentrat-xons of most of the gases in this mixture
are of the same Erde::' of magnitude..
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For safety reasons, the concentration of an inert
gas, such as helium for example, is chosen preferably to be
much higher than the volume concentration of all the other
constltuents._of the mixture. By virtue of such a
composition ofithe mixture, oxidants, such as O or CO, may
coexist together with fuels, such' as CHy, for example,
without their’ being a risk of the reservoir 15 catching
fire or explogxng.

In order to know accurately, after dilution, the
contents of +the trace impurities in the pure gas, the
composition o,f 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 exéﬁp}e, be a bottle under a high pressure
(typically zoo.ber).

Thefgeses in the mixture are sampled or intro-
duced into thefailuting means 16 via a sampling line 204
into which a'&oﬁostream pressure regulator 205 is placed.
The sampling line 204 emerges in an associated purge line
206 in which a shutoff valve 207 and an element for
creating a pressure drop, such as a gaged orifice 208, are
placed.

I1.3. The means of diluting the seous 4dm-

urit £ e u e as a redeterm1 d_manner

The dlluting means 16 comprise, on the one hand,
plitting the flow of pure gas delivered by
the feed lineﬁ 62wat 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
162 upstream of the splitting means.

The splitting means 19. comprise the regulating
device  14B and two lines 209, Zlgh_said regulating device
and said lines being connected in parallel with the feed
line 162. A gaged restriction 21;1__,' 212, such as a gaged
orifice, is placed in each line 209, 210.

Thelliqe-from the regulating device 14B as well
as the lines 209:'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 Application FR-A-2714968 in
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
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?ihézanalyzer 3.

The feed line 232 of;£h§ d11ution stage 20 is
joined, downstream of the préssqgg, regulator 205 and
upstream of the shutoff valve 2@7:1tp the sampling 1line
204. o

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

Of course, the "zero" impurity quantity is also 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.

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
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
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
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-
sition of the ghs mixture in the ﬁéservoir 15, two examples
of manufacture of a pure gas charged with a predetermined
guantity of trace impurities whicﬁ;is output by the outlet
line 10 of the delivery device 9,'£pgse examples being made
in one case with hydrogen as the;pﬁre gas and in one case
with nitrogen as the pure gas.
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Impurities | Composition | Concentration | Concentration
of the of the of the
reservoir in impurities, impurities,

vol.$ H, pﬁre gas N, pure gas
0, 5% 0.20. ppb 1.62 ppb
H, 5% = 1.62 ppb
N, 5% 0.20: ppb -
Ar 5% 0.20 ppb 1.62 ppb
co 5% 0.20 ppb 1.62 ppb
co, 5% 0.20 ppb 1.62 ppb
CH, . 5% 0.20 ppb 1.62 ppb
Xe _ 5% 0.20 pph 1.62 ppb
Kr ' 5% 0.20 ppb 1.62 ppb
He 55% 2.19 ppb 17.85 ppb
H,0 permeation 0.81 ppb 1.58 ppb.

cartridge
Table 1

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.

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 concentratiqns of the trace impurities
by a factor of 100. ;T

By virtue of the fact that the reservoir 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: given trace impurities is
therefore considerably facilitated.by this device.

III. Device for se '

4 one of the two
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As has already been described, the device 13 for
selecting one of the two gases coinprises 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
device 9. . :

Each feed line 11, 12 emerges in a respective
purge line 300 and 302. The feed lines 11 and 12 are
connected together by means of a. connecting line 304. The
connecting line 304 is connected to the analyzer 3 via a
gas delivery line 306. The outlet of the analyzer 3 also
emerges in an associated purge ‘l'ine 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
11 to the analyzer 3, the sum of the flow rates D310 + 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
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 regulation 312 is set so that it is slightly less than
the gas flow rate D12 in the line-;j.'z. 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
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

‘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-
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ponents also ‘means that there is an increase
accuracy and reliability of the apparatus 3.

in the
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CLAIMS

1. Selection device for déiivering one of two gases
to an apparatus (3), comprising §.first (11) and a second
(11) line for respectively feeding a first and a second
gas, each feed line (11, 12) emgfginq in a respective purge

- line (300, 302), and a common connection 1line (304)

connecting the two feed 1lines (11, 12) to a common gas
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 giément (310, 312, 314) for
creating a pressure drop being 'éiaCed in each purge 1line
(300, 302, 308), the element (310) for creating a pressure
drop in the purge line (300) ass&diated with the first feed
line (11) as well as the eleméﬁt (312) for creating a
pressure drép 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)
associated with the second [feed 1line (302) is a
backpressuré ré_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).
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