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Process for purifying a gas and apparatus for the irrpl@:@@nt%@;én
of such a process The present invention relates to a process foi”
purifying a gas, in particular a plasnmagenic rare gas, intended for exanple
for the purification of krypton and xenon containing tetrafl uoronethane and
met hane, and a purification apparatus for inplenenting such a process.

Rare gases are generally extracted fromair by distillatian. fter
distillation, tRegcesgARnimrsifydrs: pedas fﬁ‘%/d iﬁﬂ?@?&“ﬁeggﬁlt T’Q%t ed before

they are used. Thug mpliefleh 8t £615 SO0 ulchy Bt pRodésk xenon,  the
i mpurities mainly consist of tetrafluoronethane (CF4) and nethane (CH4) at

evel s whi ch may be as ib0R-@5e 3EVEIAnd1RIE8Re 0L 874 SpP8Ledl |¢d,on bY
vol ume (ppnv). The commoneSt applications of these rare_%ases require
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of t he process.

Rare gases are generally extracted from air by
distillation.  After distillation, they contain

~ impurities that have to be extracted before they are
used. '

Thus, in the case of krypton and xenon, fhe
impurities Mainly consist of tetrafluoromethane (CFy)
and methane (CH4) at levels which may be as high as
several hundreds of parts per million by volume (ppmvf.
The commonest applications of these rare gases require
high-purity products and the presence of these foreign
molecules is an unacceptable drawback for these
applications.

For example, krypton is widely used for the
partial-vacuum filling of filament lamps. In this
application, the very high temperature to which the
tungsten filament in these lamps is heated 1is
- sufficient to cause dissociation of the

" tetrafluoromethane into highly corrosive fluorinated
radicals, which causes rapid degradation of the
filament by etching of the metal.

Furthermore, methane is also dissociated under
these temperature conditions and generates unstable
'gaseous precursors which form carbon-containing solid
deposits of a brownish appearance "on the internal
surface of the bulb.

As is known and for technical reasons, the
purification of rare gases cannot be accomplished by
distillation.

The purification techniques known hitherto are
essentially based on thermal phenomena.

Such techniques allow CH; to decompose and/or
oxidize easily, but they are unsuitable for eliminating



tetrafl uoronmethane into highly corrosive fluorinated radicals, which
causes rapid degradation of the filanment by etching of the netal.
Furthernore, nethane is also dissociated under these tenperature conditions
and generates unstabl e gaseous precursors yhi ch form carbon-contai ni ng
solid deposits of a brownish appearance on the internal surface of the

bul b. Agrpi S §Rou apd frﬁred&glréag gﬂ ﬁaﬁﬁ%ﬁnénatﬂsrgv%&gge&kge of

rare gases cannos be acconplls at1on e purification
t echni ques knoWRBFRh@rto are essentlally based on thermal phenonena.
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conbustion techadiue. i s used, very high flow rates of conbustible gas,
general Iy hydrogen, a'ff a combustion technique is used, very high
flow rates of combustible gas, generally hydrogen, are
required, which raises treatment-cost problems, safety
problems and plant-constraint problems because of the
heat released. Moreover, such a technique is not
suitable for reducing already low impurity
concentrations to a negligible level.

Another known purification technique is based
on thermochemical decomposition by reaction over a
suitable metal, for example =zirconium. This technique
is relatively effective and does not require a very
large supply of combustible gas. However, it has many
disadvantages, in particular because of the fact that
it is not possible to purify gases with a high flow
rate and that its implementation requires an apparatus
which takes up a lot of room.

Furthermore, this technique requires quite a
high operating temperature, for example about 900 to
1000°C, and the beds of metals used are very expensive
and have a limited lifetime. .

For the reasons - explained above, the
purification of rare gases currently constitutes the
main cause of limited efficiency of lines for producing
these gases.

The object of the invention is to provide a gas
purification process and a purification apparatus for
the implementation of such a process helping to
overcome the abovementioned drawbacks.

The subject of the invention is therefore a
process for purifying a gas, characterized in that it

includes the steps consisting in:



required, which raises treatnment-cost problens, safety problens and
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i ncl udes t he k¢ 5% M S FPEERSPO d?.n reactive element for the
purpose of eliminating them from the gas +to be

purified. _ .

The process according to the invention may
furthermore include one or more of the following
characteristics:

- the electromagnetic wave is a surface wave
produced by means of a surface-wave exciter of the
surfatron-guide type; . '

- the said electric .field being created in a
region of the dielectric tube, it furthermore includes
a step of adjustment of the longitudinal dimension of
the said region in order to adjust the length of the
said piasma ;

- oxygen is added to the said gas to  be
purified, prior to the step of making the gas flow
through the dielectric tube;

- the step consisting in making the reactive
compounds react consists.. in wmaking the reactive
compounds react with an alkaline element, in particular
soda lime or an alkaline aqueous solution;

- the process furthermore includes a step of
dehydration of the gas after the step of reacting the
reactive compounds with a corresponding reactive
element;

- the said rare gas to be purified is composed

of krypton or of xenon;



3 - making the said gas to be purified flow through a hol | ow
dielectric tube; - creating an electric field in the said gas by
nmeans of a travelling electromagnetic wave which travels in the said
dielectric tube and is suitable for creating, in the gas, -an

at nospheri c-pressure plasma which is not ign | ocal thernodynam c equilibrium
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or an al kal i newAqeBOUheSObaid Oas is intended to flow, in order to
create therein an atmospheric-pressure plasma for
ionizing and exciting the molecules of the said gas . .to
be purified for the purpose of dissociating the
impurities in the said gas in order to form reactive
compounds, in particular fluorinated compounds, and at
least one unit for treating the said reactive compounds
being arranged on the exit side of a corresponding
hollow dielectric tube.

This apparatus may furthermore include one or
more of the following characteristics:.

- each exciter consists of a surface-wave
exciter and a cylindrical sleeve made of conductive
material, inside which is mounted a corresponding
dielectric tube, and includes a region for
concentrating the incident waves in a space 1lying
between the intermal wall of the said exciter and a
free end of the said sleeve for the purpose of creating
therein an electric field coaxial with the said tube;

- the said sleeve includes an inner cylinder,
in which the said dielectric tube is mounted, and an
outer cylinder which, with the said inner cylinder,
delimits a cooling chamber supplied with a 1liquid
coclant;

- the said sleeve and the said dielectric tube
are separated by a cylindrical space and the apparatus
includes weans for supplying .the said space with a
gaseous coolant;

- the said dielectric tube consists of silica;



- the process furthernore includes a step of dehydration of the gas after
‘the step of reacting the reactive conpounds wth a corresponding
reactive el ement; - the said rare gas to be purified is conmposed of

krypton or of xenon; 5 4 - the
impurities in the said gas are selected from net hane and perfl uorinated
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close to the incident-wave concentration region;"

- the thinned-down part of the wall of each
exciter consists of an added piece welded to the rest
of the said wall; _

- the said at least one unit for treating the
said reactive compounds each consist of a soda-lime
cartridge;

- the apparatus includes a humidifier arranged
upstream of the soda-lime cartridge;

- the apparatus furthermore includes a unit for
dehydrating the said gas to be purified, arranged
downstream of the said unit for treating the said
reactive compounds;

- the said surface-wave exciters each consist
of an exciter of the surfatron-guide type.

Other features and advantages will emerge from
the following description, given solely by way of
example and with reference to the appended drawings, in
which:

- Figure 1 is a .diagrammatic view of a gas
purification apparatus according to the invention in
the case in which the electric-field applicator is a
surface-wave exciter of the surfatron-guide type;

- Figure 2 is a longitudinal sectional view of
the treatment reactor of the apparatus in Figure 1,
showing the plasma exciter;

- Figure 3 is a detailed view of part of the
apparatus in Figure 1, showing the connection between
the dielectric tube and the rest of the treatment

circuit;



This apparatus may furthernore include one or nore of the follow ng
characteristics: - each exciter consists of a surface-wave exciter

and a cylindrical sleeve nade of conductive material,
nounted a correspondi ng dielectric tube, and i nc
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gases, in

particular rare gases such as krypton or xenon.

The description of the purification apparatus

which follows and of its operation applies to the

purification of krypton and of xenon.

Of course, the invention also applies to the

treatment of other gases, such as Ar, N,, Ne, Kr, Xe,

He, O,, CO, and H,, or a wmixture of these gases.

The object of this apparatus is

to place the

plasmagenic gas to be treated in an electric field
which is high enough to produce an electric discharge
by ionization of the gas molecules, caused by electrons
being stripped from the initially neutral gas
molecules.

By plasmagenic gas is meant a gas in which the
discharge is created due to the effect of the electric
field, and the properties of the discharge therein,
namely the electronic distribution and the physico-
chemical parameters are determined by the gas in which
the discharge is created.

The possibility of. creating, due to the effect
of the electric field in the gas to be purified, a
discharge having properties suitable for implementing
the invention is essentially governed by the nature of
this gas and is relatively independent of that of the
impurities in so far as their concentration zremains
low, typically of about a few hundreds of ppumv.

Due to the effect of the discharge, the gas
molecules are dissociated to form radicals, having
sizes which are smaller than the initial molecules,

and, consequently, individual atoms.



-.the apparatus furthernore includes neans for adjusting the |ongitudinal
~dinmension of the plasma created in the hollow dielectric tube;
of each exciter is thinned down close to the incident-wave

the wall

concentration region;
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exciter consists of an added piece welded To the rest of the said wall;
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the discharge. .
In contrast, the impurities which, as described
above, are molecules detrimental for a subsequent

. process using the gas to be purified and are present in

small quantities, undergo dissociation, by excitation,
and irreversible transformation by forming new
molecular fragments having chemical properties
differing from those of the initial molecules, which
molecular fragments are either capable of being
treated, by reaction on a suitable solid or a suitable
liquid, or condense immediately and spontaneously into
solid deposits or particles.

According to one embodiment of the invention,
the purification apparatus is intended to be mounted on
the exit side of an air distillation plant for
extracting krypton and xenon, for the purpose of
destroying the molecules of impurities such as CF, and
CH,, converting these impurities into reactive gaseous
compounds capable of being treated by the action of
corresporiding reactive compounds. It may also be
mounted downstream of a plant for separating krypton
and xenon by distillation. Finally, it may constitute
an independent purification apparatus supplied from
bottles in which krypton or xenon, or a mixture of
these two gases, are stored under pressure.

In order to effect this purification, the
apparatus according to the invention includes a high-



6 - Figure 4 is an infrared spectrumof the krypton as it |eaves
the apparatus in Figure 1 in the absence of plasm; and - Figure 5
shows infrared spectra of the krypton as it |eaves the dielectric tube
after treatnment by the plasma and after pgssing over the soda-line and then
over a silica gel. Figure 1 shows a diagrammtic view of an

apparatus f orfreguehichyi Fdell asppdgehtor Jasesce | AeRdtbHCUbLY R gases
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treatment of Qheh-9asegs such as Ar, N2, Ne, Kr, Xe, He, (Jerr], CJerr]
and H2, or a mxture of these gases. The object_ of this_apparatus is
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properties of the di sghar ggutfigeLivihvenaBRby cbbe £beCtd Y ¢ 3kl bytion and
the physi co- high-frequency field applicator, <consists of an
applicator of the surfatron-guide type which, in
conjunction with the waveguide 12, guides the microwave
radiation created by the microwave generator 14 to the
discharge tube 16 in order to create a plasma 18 in the
gas to be purified. '

Figure 1 also shows that the discharge tube 16
is arranged in a sleeve 19 made of conductive material,
the structure of which will be described in detail
below with reference to Figure 2.

It is connected downstream, with respect to the
direction of flow of the gas to be purified, outside
the field applicator 10, to a line 20 for conveying the
excited gas to a treatment unit 22, consisting of a
cartridge containing an alkaline element such as soda
lime or an alkaline aqueous solution, and of a gas
dehydration unit 24.

Moreover, the line 20 includes two branch-off
units 26 and 28 which are controlled by corresponding
valves, such as 30 and 32, .and on which are mounted, in
a sealed manner, sampling cells 34 and 36 for the
purpose of analysing the gases using Fourier transform
infrared spectrometry.

These cells are “Spectra-Tec” single-passage-
type cells having a length of approximately 100 mm,
giving a detection limit which is amply sufficient for
the envisaged application. They are made of stainless
steel in order toc avoid the generation of additional
products which would appear in the case of a cell made
of silica which is capable of being attacked by some of



chem cal paraneters are determ ned by the gas in which the discharge is
creat ed. The possibility of creating, due to the effect of the
electric field in the gas to be purified, a discharge having properties
suitable for inplenenting the invention is_essentially governed by the
nature of this gas and is relatively indep%ndent of that of the inpurities
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recorti ne, and thus agg.aggl ] M 3ELONLEW NGy 10 will now be

described with reference to Figuré 2.

As mentioned previously, the apf)licator 10
preferably consists of a surfatron-guide applicator.

It includes a first part 40, forming a
waveguide proper and intended for propagating the
microwave yradiation guided by the waveguide 12 and
incident in thé direction denoted by the arrow F in
this figure, and a coaxial second part called the
impedance-matching part 42 which is itself composed of
a substantially cylindrical first part 44, coaxial with
the discharge tube 16, in which is mounted, so as to be
able to move axially, a tuning plunger 46 forming a
quarter-wave trap, and a second part 48 which is also
substantially cylindrical, arranged in the extension of
the waveguide 12 and provided with a movable waveguide
plunger 50, shown in Figure 1.

It may be seen in Figure 2 that the tuning
plunger 46 1is fixed to a sliding washer 52
advantageously made of Teflo_r_lo. .

The surfatron-guide 10 is furthermore provided
with means for controlling the adjustment of the axial
position of the plungers 46 and 50, these means
consisting of rods 53 and 5S4 which can be operated
manually by an operator or provided with motor means,
for the purpose of impedance-matching the microwave-
generator/waveguide system to the surfatron-
guide/plasma system by adjusting the position of the
tuning plunger 46 and of the waveguide plunger 50.
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be purified and are present in small quantities, undergo dissociation, by

excitation, and irreversible transformation by form ng new nol ecul ar
fragnents havi ng chem cal propertiesodiffering fromthose of the

initial nolecules, wigh Eﬂ&@ﬁglq&af&%?ggghs gﬁg.eé%?grﬁgﬂpa &35 3ibei ng

treated, by rﬁﬁFtion on _a suitable soO or a suita l1quid, or_ condense
i mredi at el y aRtSg6Ht afoR¥SVidRD SOMCAcHLRBSi « SheFt inqitdsg by
.Accordi ng to ar@neniaididagqiaxied-i@vienuardp il ldwithg tHidH -GRirfeimappar at us i s
intended to b . t exit. sl Lt..distillation plant for
extracting kr;?/:’ g%%?_%%g ggn%%,ﬁf%ér ‘Pﬁ!{é_’q%l}(ri%og‘g’ g‘?"l&gs?‘%%é‘/%hg t he nol ecul es
of inpurities such asFeFtherformd aCHj@red S& oy @mawiglechdse thepbeidyi es into
reactive gasegys QPRURSSt iBePf10eiepg tRAtSEh-RYsd s 2QlcRRngf
correspondi ng rteactive conpounds. .It nmay also be unhfd,domnstrean1of a

pl ant for sep&&&tﬁﬁ&lﬁﬂy gﬁﬁd4§eﬁ8np§?l&ﬁgpiFI&FFO AVENGL CRFTied ay
constitute anouwtdépenddipvstpuenti cati on apparatus supplied frombottles in

whi ch krypton or xenoggéggygfg%ﬁgggﬁ?ﬂ%Sg%egaéﬂmléﬁggghﬁgwf sLof ed under

pressur e. In or o ef urification,” the ‘apparatUs
accordi ng to SkeP HferfiPontiiingesLhe Hgpl movement of the tuning

plungexr 46 is provided on the corresponding control rod
53 for the purpose of presetting the tuning.

As mentioned previously, the surfatron-guide is
provided on the inside with a cylindrical sleeve 19,
inside which a discharge tube 16 is placed. It is
mounted so as to be able to move axially with respect
to the first part 44 coaxial with the dischérge tube 16
and with the tuning plunger 46, for the purpose of
adjusting the width of the launching gap of the
surfatron-guide:

Furthermore, the body of the surfatron-guide 10
includes a device for holding the sleeve 19 in
position, consisting of a transverse screw 62.

The sleeve 19 has two coaxial walls 64 and 66
which between them delimit a c¢ylindrical chamber 68
which communicates with a water-cooling circuit 70,
shown partially in Figure 2, and allowing the sleeve 19
to be cooled during the discharge in the tube 16.

Moreover, the discharge tube 16, together with
the inner wall 64 of the sleeve 60, delimits a
substantially cylindrical gap 72 connected to a line
74, (shown partially) for supplying gas under pressure,
for the purpose of causing a stream of gas forced into
the gap 72 between the discharge tube 16 and the sleeve
19 in order to provide additional cooling. The gaseous
coolant is, for example, air under pressure, formed by
a compressor.

These cooling means are necessary for operating
at atmospheric pressure, at which the plasma reaches



8 frequency field applicator device denoted by the nunerical reference 10,
consi sting of a surface-wave exciter connected via a waveguide 12 to a

m crowave generator 14. The apparatus furthernore includes,
conbined with the surface-wave exciter 10, a discharge tube 16 made of a
dielectric material, such as silica, throuyh which a plasmagenic gas to be
purified flows The surface-wave exciter. 10, also.called a
high-frequencytePPSFﬁtnﬁﬁilT%Eﬁ?ﬂ%y\iﬁﬁﬁﬁ 5P05eaﬁfagBFi8 B6FT8FS 1t he
surfatron-gui dént yhe whaiscbuti neventbatessncapable heimavbguabsede gfii des
the mcrowave gadhahhonof GG krea:12LEROURYBuBENE AImdlit 10 the

di scharge tube 16 1h~order_to create a plasng, ILn the gas to be purified.

Figure 1 also shows thBinahey diitcmaygdea dser14n Figprandetbrh a £reeve 19
(rjrade Iof bclondUCtahiﬁeoﬁBtHéi 8l eetdiel S temitigese i@xfto\l\ﬁthéhw‘élivbbub&edegcﬁh@ﬁd in

et ai el ow W ren Fi 2 tal nn ed: downstream
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the field appl gent 36 by, means of rwhixh ftdre qiiereoyeNg enexgycilecdlizedto a
treatment unita@2, ckONSipinky 96 afi{duliitdadR COA! a¢id NH1Em! Kglihneg el ement
such as soda |ine_or an al kal i ne aqueous sol ution, and of a gas dehydration
unit 24. SURHFEDVETVethe |ine 20 includes two branch-off units 26 and
28 which are contro!IeﬁtbmmmﬁMiéﬁpqnﬂmn@dvahteshatucheaeraﬁsaadceﬂonand on
whi ch are mun{gggthenw 1268k 0nIPRLEAcr SATR AW £6!Lfoedh Nt B0Gdgr the

purpose of analysing the gases Using Fourier transtorminfra
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spectrometry. thHapedc dawn e a- thickpasgeef batwges fhds gRd

0.7 mm by removing material from the outer wall of ‘the

waveguide 40 so as not to interfere with excitation of
the surface waves, without which significant losses of
microwave power would occur through heating in the
structure making up the wall of the waveguide 40.

It should also be pointed out that the gap 76
can be adjusted by moving the sleeve 19 axially in the
coaxial first pa}t 44 and by locking it using the screw
62. This adjustment makes it possible to optimize the
impedance matching, by preventing the formation of an
electric arc in the gap 76 when the apparatus is
operating at high microwave power.

Finally, the free end 78 of the discharge tube
16 is connected to a source of the gas to be treated,
not  shown, consisting, for example of an air
distillation plant, so as to make this gas flow through
the surfatron-guide.

In operation, the wmicrowave radiation produced
by the generator 14 is guided by the waveguide 12 to
the surfatron-guide 10 which concentrates the incident
radiation in the gap 76 so as to propagate, in the
discharge tube 16 and in the gas mixture which it
contains, a travelling electromagnetic surface wave
whose associated electric field generates and maintains
a discharge in the gas mixture.

It should be pointed out that the construction
of the surfatron-quide 10 allows the electric field of



type cells having a length of approximately 100 nm giving a detection
limt which is anply sufficient for the envisaged application. They are
made of stainless steel in order to avoid the generation of additional
products which woul d appear in the case of a cell made of silica which is
capabl e of being attacked by sonme of 12 ' 9
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previ ously, thetoa%r)llﬁ%%oh%gggggf erably consists of a surfatron-guide
I ncl udes ™~

appl i cator. a first part 40, formng a waveguide
proper and intended foPrgfepabdyi ngn herderr dwavebtaii audtieguk ddangy t he
wavegui de 12 anthdidendentimd bRecHr ekt 981 £8N60F ethyrithe Al kdWal i@ this
figure, and a coaxi I éﬁgontd Qﬂt ¢ zz:sleediutl rliar:ﬂtr:rl%%dangﬁé mgt cgilrggupar_t 42 .
which is itsel oYY P ‘ PP s 18
c?mpleted by means for adjusting the longitudinal
~ dimension of the plasma in the discharge tube 16. These
means consist of a device for adjusting the microwave
power, with which the microwave generator 14 is
conventionally equipped; this device making it possible
to adjust the longitudinal dimension of the region in
which the electric field is created, the length of this
region increasing, in a known manner, when the power is
increased. |

Moreovef, it should be pointed out that the
diameter of the discharge tube 16 is chosen to be small
enough, for example with an external diameter equal to
8 mm and an internal diameter equal to 4 mm, to obtain
a single plasma filament which is centred on the axis
of the tube and which can be established in a stable
and reproducible manner.

This is because, when operating at atwmospheric
pressure, in particular with gases having a low thermal
conductivity such as xenon, krypton and argon, in the
case of sufficiently large diameters, the diameter of
the plasma itself does not increase when the internal
diameter of the tube is increased, so that the gas to
be treated which is flowing at the periphery of the
tube would be subjected to an increasingly attentuated
excitation.

Furthermore, several plasma filaments could
form, with erratic behaviour and the possibility of
sticking against the wall of the discharge tube, which
could cause the latter to be damaged.



a substantially cylindrical first part 44, coaxial with the discharge tube
16, in which is nmounted, so as to be able to nove axially, a tuning plunger
46 form ng a quarter-wave trap, and a second part 48 which is al so
substantially cylindrical, arranged'in the extension of the waveguide 12
and provided wth a novabl e wavegui de plung%# 50, shown in Figure 1.

It may be seen in Fi guBewgvéhat tikhe tisni neprptaingdrle,46 ins ofdaed tbo a
sliding washer; v a . [ | P——
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gui de/ pl asma sypdngdebyeadtisei rdembrt poitt isnadbot possihlag phuogder46 and

of the wavegui ¢g RIRE8EeSeH id ime of the mol in {f)
It should be pointed out?tha? fﬁglcggﬁ?a l%?uﬁger,ﬁGmBrSSF %% %%nta%tless

short-circuiti RFFPan@eddusy Soraate RR¥ETaapdisFRATIRF hiyhspELesr nance
operation as wihl the sahéuphby M nERinit effage®eral field RPplhiddByre. a Screw

fgCLfngrOV'ded.'” the RQdYeRl: LR SPELFLELM PYU! fhe 1L QhallEnP ULRSE O
has just been described makes it possible to create, in
the path of a plasmagenic gas to be purified and in the
latter, a plasma which is the site of wvery high
electron-energy excitations, correspohding to
temperatures of several tens of thousand kelvin, thus
allowing, by electron collision, excitation of the
atoms and molecules making up the gas, and in
particular conversion of the molecules of impurities
such as CF, and CH4 from a relatively chemically stable
state to a re'acéive state, thereby enabling them to be
eliminated subsequently, either after their immediate
and spontaneous condensation into the form of solid
deposits or particles (fluorocarbon polymers, carbon
black, etc.), or by making them react with a
corresponding solid or liquid reactant, as .will be
described later. It will be understood that the atoms
and molecules of the gas to be purified are also
excited in the discharge, but they undergo de-
excitation and/or recombination immediately on leaving
the latter and, moreover, they do .not react with the
s0lid or liquid reactive compounds over which the gas
to be purified subsequently flows.

It should be noted that the plasma created by
this apparatus is a plasma not in local thermodynamic
equilibrium (LTE).

In this type of plasma, only the electrons
present in the medium are raised to high energies, the
temperatures of the ionic and neutral species remaining



the tuning plunger 46 in position after having carried out the adjustnent.
It may furthernore be seen in Figure 2 that a stop 58 for limting the
axi al nmovenent of the tuning plunger 46 is provided on the correspondi ng
control rod 53 for the purpose of presetting the tuning. As
mentioned previously, the surfatron-guide i's provided on the inside with a
cylindrical sl amvwh 1fowéisi fifdedd Chon degthtngepkuhesluiiteplciesd dd is
nount ed so as té)ml?ee blteet% ngve axially with respect to the first part 44
coaxial with the drsc aréné’ TG687E6 and with the tuni ng plunger 46, for the
pur pose of adjusting tHa&a wadt systemhevhigihclisngngsp dn tbeesuwedymiamiie gui de.

Furthermore, thenbodibrQhud, NG Sigel thiad &F Wi ffislefescadaV ks Y

hol di ng the sl eeve 19 ‘Jcn posi tion, congi sti.ng of a transverse screw 62.
The sl eeve 19 HAEEFRMET oLV alVAFALPY 6505ndd6BHATER HRATRSES o &% nit a
cylindrical cheosstepleS tid Ereguanugi 68t eReVelécarorigietcion| ik &, b t 70,

shown partiallysyd j qur ‘angl. | N e Vg I \ during
t he di scharge i%iﬁ%%t?g 16.° n&saéﬂa%r g:(#\#ek[', %{tﬁeg %I) sC gf%ggﬁcﬁ)ﬁogla%%,

t oget her with tBRWex ndepsity| mndgsthef compesitieay@f gbhe @as ntes beg
substantial ly awddt¥d &3 addPndlasoidemeGddea the@téd, (shown partially)

gas forced into the gad™r2IoriiaT dEdy sthapBocPuBioad KA FRESsidove 19
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neans are necessary for operati ng at at m)sp.herlc ressure, at i ch the

pl asnma r eaches temperature, the total reaction balance is not always
favourable for accomplishing a particular chemical
conversion process, and in particular, it cannot be
modified by varying discharge parameters.

As in any system in 1local thermodynamic
equilibrium, the final state of the conversion is
essentially determined by the temperature of the entire
system. '

Undesirable reaction pathways may be favoured
in this case, as well as the elementary conversions of
use to the desired result. In addition, the very high
enthalpy of the medium leads to plant constraints
{(cooling, etc.) and maintaining this enthalpy is very
costly in terms of energy.

It may therefore be imagined that the
discharges produced in this apparatus, which is not in
local thermodynamic equilibrium, are both energetically
more effective and offer the possibility of £inding
more optimized operating conditions for carrying out
the conversion of the molecules envisaged.

.Furthermore, by adjusting the length of the
plasma in the discharge tube 16, it is possible to
adjust the 1xyresidence time of the molecules and
impurities, necessary for converting them into reactive
species, to a value Jjust sufficient to bring the

residual concentration of impurities at the end of



tenperatures markedly | ower than those of the electrons in the gas but
neverthel ess capable, in the absence of cooling, of causing the discharge
tube 16 to nelt. Finally, it may be seen in Figure 2 that a free
end of the sleeve 19 energes into the wavegui de 40 and, together with the
inner wall of the latter, delimts a gap 76 by neans of which the m crowave
energy | ocal i zedeatméhts gei nta | Slévelnsnfitedl tibnt hedphasep vihesebuyrf ace

) . b, ' QUL . - ti th |1
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wal | of the wayaguifes48 BetrasSeROthbOdilthatgEe tibkh 18X Giddt e pinthe
surface waves, %houE whi ch S|$8%{|cant_los es of n1cr8wavengomer woul d
accur through ABaEPRGERR PREPRES % FaRwalh FoRs (RETWSRE GPRRRECHRDequi de

40. _ | t regbohd This be lpstaussd dut theatcaske ofapryptoan aevedyusted
by moving the shegnge13yBthabby bP tAseCoaX|dleddvad, A Afe@i Pife! OCKing
it using the SC[GM/G%._¥ I's adj ustpent_ makes 1t possible to o€§|n1ze t he

i npedance mat cAERLECHYLG Bty imreditedyi GFtsr dfserernerei@Rcten the
gap 76 when t hghappahat 29, SOREr 2égidh akhbeBh1iesr aWwdesr AR .of cn

Finally, the free end 78 of. the discharge tuhe .16 is connected to source
of the gas to %%w?? 5?%%,gﬁbtgh%hgéﬁfﬁaggﬁSigﬁPﬁb,pﬁE?ﬁmen%&aﬁﬁpé f an

air explained' by the delayed de-excitation of metastable
energy states in:krypton, because of the high velocity
of the gas in the discharge tube (high flow rate and
small diameter)}. |

It is also possible that the deexcitation
occurs preferentially in a line made of metal or of
polymer, compared to the silica tube.

Without cooling means, the 1line 20 rapidly
reaches tempefatures incompatible with maintaining its
integrity, even'if it is made of stainless steel (the
metal becomes red hot after a few minutes of
operation). The apparatus therefore includes, on the
exit side of the discharge tube, a heat exchanger
consisting of a copper or stainless-steel coil in which
the gaseous stream to be treated flows, the said coil
being contained in a steel enclosure inside which water
circulates.

The heat exchanger 1is designed so that " the
temperature of the line on- the exit side of the latter
remains sufficiently wmoderate dufing steady-state
operation, typically below 100°C.

Furthermore, the need to provide a movable
connection between the discharge tube and the heat
exchanger requifes the use of sealing ferrules made of
polymeric material (Teflon®), the heat-up of which must
absolutely be limited. This is why a cooling cartridge,
for cooling the connector by circulating water, is also

provided, and this will be explained in detail.



distillation plant, so as to nmake this gas flow through the
surfatron-guide. In operation, the mcrowave radiation produced by
the generator 14 is guided by the waveguide 12 to the surfatron-guide 10°
whi ch concentrates the incident radiation ;{1 the gap 76 so as to propagate,
in the discharge tube 16 and in the gas m Qre which it contains, a
travel | ing el ectromagnetefernipes R Gse s sty Beldsetecinic fnel d

_ ' ' ' j m.xture: . .1t _should be
oi nt e out T har T he s or IR, SpcnsE PR, PRRt B0 0%t intitide
electric field ggbsequently a chamber 81 and provided 12tt beei mdi ditd wave
% Fom ek st haumon, smrsagg e s st ang
the gas to be pUrt L8 FBd A% 124 Shpepite cendiwibhaa: £3a00ec blorfarens ty
decreases on g i erin daven \t Her dri}sk:h_ar_geptabeomiiug ¢heeatil;1w}w:éf gpct |hon|.Oart ol es
of i mpuri 11 s, 9o a6 1 SERpR: st Sy iAd AL phoBE a8 WD i s
i's conpl eted byPIR&RS (FRT dftisinchgratinr i@ tihe ehardiers @i emdiwitie
plasma in the disedtangeutibe pépeThese neans consist of a device for
adj usting the nicroan%n operation, the gas flowing through the
discharge tube 16.exchanges heat with the water pfesent
in the chamber 81, thus allowing the integrity of the
(Teflon®) ferrules 89 of the connector. It should also
pointed out that, for continuous operation'over long

. ' beriods, it is preferred to make the 1line 20 from
stainless steel 316L rather than from a polymer which
is highly resistant to corrosive media, such as
(Teflon®) PFA (Perfluoroalkoxy resin). This is because
it seems to be more sadtisfactory to replace, from.time
to time, a metal line, which corrodes relatively slowly
because of a low concentration of acid species, rather
than to risk an incident caused by the polymer
overheating.

Experimental results will now be given with
reference to Figures 4 and 5 which show, respectively,
the infrared absorbance spectrum as a function of the
wavenumber of the krypton as it leaves the apparatus
when there is no discharge and when there is a
discharge, these results..being -obtained using the
analysis cells 34 and 36. s _

The analysis performed in these cells 34 and 36
is carried out only after a stable operating regime of
the apparatus has been established, so as to avoid
taking into account any transient phenomenon which may
in particular result from adsorption/desorption
processes on the internal walls of the circuit or on
the bed of soda lime.

During this stabilization phase, the cell is

isolated and the gas flows through the corresponding



power, with which the m crowave generator 14 is conventionally equi pped;
this device making it possible to adjust the |ongitudinal dinmension of the
region in which the electric field is created, the length of this region

i ncreasing, in a known manner, when the power is increased.’

Moreover, it should be pointed out that the‘dianeter of the discharge tube
16 i s chosen t cbysasdreblandlosgh, Ther segashces Wokth cpendxgeraid ¢l esmier

equal to 8 mMm ' r ' t to 4 t bi al gle
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sufficiently |arge di afet®t ,rﬁqﬁ?cﬁgﬁﬁﬁﬁﬁmc#gtﬁﬁcﬁ¥%% using) f not
i ncrease when tihwerged ewith guaeernditrofgenhe Thebenéts tnansmtssiosoTt ket t he
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cause the latteépéc%r%% dg;_ra %‘i% source and of the response of t:hel3
detectors, both these being likely to drift over time.

The absorbance is calculated using the Beer-
Lambert law from the relationship A = log (1/T).

The products are identified by comparison with
reference spectra stored in memory, each spectrum
corresponding to a known product.

In order to quantify the compounds thus
identified, calibration samples are used, assuming that
the area under the peaks is proportional to the number
of vibrating bonds per unit of volume.

Referring first of all to Figure 4, it may be
seen that the krypton analysis shows peaks at 1283 cm™?
and at 3017 cm™, these corresponding respectively to
CF, and to CH,. These peaks correspond to initial
concentrations in the krypton to be purified of 172 ppm
of CF, and of 335 ppm of CH,.

Moreover, peaks characteristic of H,0 are
observed in the region of 1500 cm™ and at wavenumbers
greater than 3500 cm™, as well as peaks characteristic
of residual atmospheric CO, in the compartment of the
spectrometer, at 2380 cm™.

Moreover, it should be pointed out that the gas
to be purified contains no other impurities at an
appreciable concentration.

Referring now to Figure 5, this figure shows
the absorbance spectrum of krypton as it leaves the
discharge {(curve I) and as it leaves the apparatus
(curve II).



However, it is conceivable, in order to increase the permssible flow
rates, to conbi ne several snall-dianeter discharge tubes in parallel, each
having its field applicator for generating the plasma, and subsequently to
treat the total flow of gas over a single;geactive elenent. It is also
possible, in order to increase the residence tine of the nolecules in the
plasma medi um to creatms s@rAbudl§GhatHES bAsE6HS eSefﬂhiélﬁ: saig thie by
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multlfllamentary. Under the conditions in question, the
maximum oxygen flow rate is preferably fixed at
20 standard cm ’/min (sccm) .

The impedance tuning of the surfatron-guide 10
is adjusted beférehand, by acting on the length of the
gap 76, on the position of the coaxial tuning plunger
46 and on the position of the waveguide plunger $0.

It should be pointed out that only the latter
two adjustments, namely that of the tuning plunger 46
and the waveguide plunger 50, may be made in real time,
the plasma having been struck, using the operating rods
53 and 54.

Moreover, the gap 76 can only be adjusted by
successive approximations, -the modifications being made
without striking the plasma in order not to expose the
operator to leakage radiation incompatible with the
safety standards.

Having tuned the system, a reflective power of
only a few watts, i.e. less than 1% of the incident
power, is obtained.

Having established the discharge, analysis
upstream of the cooling cartridge 38 shows (curve I} a
considerable reduction in the height of the peaks
characteristic of CF, and CH,, respectively at 1283 cm™



In this type of plasma, only the electrons present in the nmediumare raised
to high energies, the tenperatures of the ionic and neutral species

remai ni ng 14 much | ower, indeed for
certain species quite close to anbient tenperature. In a system
which is not in thernmodynam c equilibrium 2 arge nunber of different

fstat es may ]pe ﬁdﬁ&:m an'\’/iil’&éﬁg%ﬁé'lleaﬂi Sﬁb&é@gepaﬁambel’sﬁalgobfﬁﬁf@| e L he
requency of the tro netic.field, [ t t he discharge tube,
t he absor bed m%rr&(;iv\%\q/:éaspo%\?éra & g’f’%yognébt%el cggr%ogé?'%ﬁa%et epge 1o be
treated by addi¢hprastienisticyafe produatisn. formed bynthie nsieiegionandn i f we

consi der the cagg 0hiBLRSAGS, | Boh8Eatihder BrdyERdn sneqqﬂﬂ,a?),riaﬁl el ., 1N
which all the species are at the_sane very high tg erature;, the total
reaction bal anc®PSE STt SuFhafs Hirout@Hice FH¥« a2R g%l@"shiﬁﬁii'a oar tibeul ar

chem cal converctilmy haedesef a0dand @agticular, it cannot be nodified by

varyi ng di scharge para rs. l,.n y st d | ocal
t her nodynami ¢ equili br ilz%%l%et hIeI fFlﬁngsst aag: o?ﬁ%]hgc§§nv rscllt?r% [ sr%sélé)nt ially

determ ned by tifgegnpefgtactablet hadawnatreasyst ey the  ajddesi-geBl e
reaction pat hwaws-tyyigee favoured in this case, as well as the elementary

conver si ons of . . . . - .
. Quantitative evaluation of the impurities in

the krypton leaving the apparatus, carried out by a
'comparison ‘with Fourriexr transform infrared
spectrometfy signals obtained from a calibration
mixture of CF, and CH,, shows a residual concentration
of 0.3 ppmv in the case of CF, and of 3 ppmv in the case
of CH,. A considerable reduction in the concentration of
impurities, in particular CF,, is therefore -observed,
which 1lies below the specification 1limits in the
regulations.

With reéard to methane, it would be possible to
lower the residual concentrations further using
conventional techniques, by adding an additional stage
using thermal treatment technigques of the *“deoxo” type
which makes it possible to destroy CH, in a conventional
manner, this stage being mounted upstream of the
apparatus, so as to avoid any deposition in the
discharge tube, or else an additional plasma-treatment
stage capable of operating at higher oxygen flow rates
for treatment of methane. It would then be necessary to
provide, in addition, a decarbonationtunit for removing
the residual CO,.

Moreover, it will be noted that the residual CO
concentration in the purified gas is of the order of
the average legal exposure value i.e. 50 ppmv. However,
it is possible to extract it easily from the purified
gas by subsequent cryogenic distillation steps for the
purpose of discharging it into the atmosphere.

Furthermore, both CH, and CO, may be wvery

easily removed by adsorption on a molecular sieve.



use to the desired result. In addition, the very high enthal py of the
medi um | eads to plant constraints (cooling, etc.) and naintaining this
enthal py is very costly in terns of energy. It may therefore be
i magi ned that the discharges produced in this apparatus, which is not in
| ocal thernodynam c equilibrium are bochQnergeticaIIy nore effective and

offer the possibility q£1f'55%n9 g@ﬁﬁ}gg§|nbaggdgﬂgﬁ@tl@gsggggé&|OQ§1for
carrying out the conversign o tﬁe nol ecul es envi saged. Furt her nore,
by adjusting tHE9WRyth &bet Héspfiégﬂﬁr?ﬁl?%e“’a’r%c%%’es'ﬁj%f Fo silicag

possi bl e to adjgelt. Huwevesi, deacest poBsiblé heo nbépElate tHaird galpwith s,
necessary for converting them.intqQ react) pecies, L0 a Lue J ust
sufficient to g??%ﬁﬁﬁﬁ%gréggﬂﬁal %Sﬁbe%%%a F%n % iﬁ&ﬁﬂti%g?aﬂ qﬁﬂ?'end of
15 treatnent Hurtherwoxeel o ixeartigulatdyantiltex hewayy beni mlsiced t he

el ectrical conybidtdesfl JFMRLEY HitWe so as tAprEAintOnRA il @4drpesl-y, a

cooling unit 38 is interposed, between the discharge tybe 16 and the _|line 20
for the purpos@%tarléﬁ'ﬁ‘gf)ﬁérﬁéﬁ esy ‘Pl"l%pi?:ecﬁﬁfélﬁiq’iﬁ #@gieaﬁ.t Bide of

because, in thealmasppafrakogpt on, a very intense evolution of heat is
observed, not within t e el Geiei o ubeslitydMPdhatel dadlditlodditny
connection to the |ine 6, In a reglon les a Tew tens (%ecm
be completed by a conventional type of humidifier
-placed upstream of the soda lime so as to avoid the
loss of efficiency resulting from progressively drying
the latter, due to the effect of the flow of the gas to
be purified in continuous operation, and bringing the
flowing gas into contact with water so that this gas
becomes laden with vapour.

Moreover, the description just given applies to
the purification of krypton and of xenon, but of course
the purification process described above also applies
to any type of'plasmagenic gas, in particular argon,
and in general to the purification of gases such as Ar,
Ne, Ne, Kr, Xe, He, 0,, CO,, and H,.

However, the invention makes it possible éo
purify krypton particularly effectively, this gas being
capable of generating a plasma having a relatively long
residence time and the atoms of which are relatively
cold,

Moreover, the impurities mentioned above mainly
consist of CF, and CH,, but-of course the invention also
applies to the purification of gaseé containing other
impurities, in particular other perfluorinated gases or
gaseous hydrofluorocarbons.

Finally, in the above description of the
invention the plasma is created using a surfatron-
guide. As a variant, it is also possible to provide the
apparatus with other high-frequency plasma-creating
devices, for example a surfaguide or a “ro-box“ with
regard to the surface waves, or optionally a resonant-

cavity device of known type, or else one of the



downstream of the discharge. This phenonenon may be expl ai ned by the

del ayed de-excitation of netastable energy states in krypton, because of
the high velocity of the gas in the discharge tube (high flow rate and
smal | diameter). It is also possible that the deexcitation occurs
preferentially in a line nade of metal or-pf polyner, conpared to the

silica tube. . COnduc\é!itApOLgtﬁz%Qhﬂg r?cﬂ;nsfiéﬂ? *)i‘gga%é)t{@rpi Gﬁﬁfcﬁeggges
terrperatures |ncorrpat| e wt malntal_nlng I ts nt.g |ty, even If.lt 'S
‘made of stainl &$%tkEaPwrt hdadderr RGNS PEd hftixaf FEFUGtYERy APdBiges of

operation). Thexaundr &hesohibsi@é e theldidlectaict Babexit side of the

di scharge tube, a heat _exchanger si.sti of . oppey,. or_ st ai nl ess- st eel
coil in which the gasegﬁs g:?lrl am]tcag: §& t r%a Oeéj“?aﬁno%\/(/s, the ‘s’gllgﬁc_ofe’ﬁebei ng
cont ai ned i n atseyellingl waveels nedtea whirfaomtwaves tde dtomgitudinal The

heat exchanger diged83bANeds St 1ab1abhe tEIPYUBLLERAO bf Nesil iy ORRENE exit
side of the latter remains, suffiCiently noderate durlng ,steady-state
operation, typPldPM¢-GErahingofeyiqe. appropriatglyhsonthat the Rdagmao

provi de a novakektendsnestdronabeufiféoiche dieswfthr geldndhethad dikehhegt
A A R e R
a cooling cartridge, fBhecssiscadpthencsrfhether inyvention agivep wabeve s
al so provided, wagdappliSedl tb PRe pREPEIEELidh A Adypton or of xenon,

or to a mixture of these two gases. _

Of course, as mentioned previously, the
invention also applies to the treatment of other
plasmagenic gases, and in particular to the treatment
of nitrogen, a gas in which the plasmas reach
substantially higher temperatures than in other gases,
such as argon.

In this case, the coolant flowing through the
chamber 68 delimited by the dielectric tube and the
outer cylinder 66 of the sleeve 19 preferably consists
of an isoparaffinic alpha-olefin polymer (2A0P) sold by
the company Lubri Delta Inc., Quebec, conventionally
used in hydraulic circuits.

Conventionally, a surface-wave discharge in
nitrogen has fewer radial contractions than an argon,
krypton or xenon plasma, and the light-emitting region
is radially delocalized throughout the cross-section of
the discharge tube. .

In order to minimize the plasma density close
to the inner wall of the tube, three parameters must be
determined in the case of generating a plasma in
nitrogen, namely: the internal diameter of the
discharge tube, the diameter of the two orifices made
in the constituent wall of the exciter for passage of
the tube, and the amount of thinning of the wall of the
exciter close to the incident-wave concentration
region 76.

Thus, while the internal diameter of the



16 Referring to Figure 3, it may be seen that the cooling cartridge
I ncl udes a casing 80 delimting subsequently a chanber 81 and provi ded at

one of its ends with a connector 82 for fixing it to the discharge tube 16
and at its opposite end with a flange 84 for joining the discharge tube 16
to the line 20. Moreover, the cart?Pdge 38 is provided with a pipe

I86 for | 1g'attl ngd.’ﬁ@él&&rge?t@uﬁé‘elfﬁﬁﬁagéﬁt E& éﬁéd 4 S, atfn%t eé:é&hﬁic_ﬁt ﬂ%pehSSt
n operation, e gas oW r e discharge tuybe exchanges hea
with the wat erap%séﬂt ‘W% fﬂifgbgll:y%tf) t‘ﬁ’asxﬁflgﬂw Ag t ‘?‘%y of

the (Tefl on[ ergénefating es Bhasfa t i\ nbonegew; . the $hetmahl énatpmeuted out
that, for contbpaupHs Eﬁgéaﬁkoﬁso‘igrfge%gdp%' t%h%alhte 'e?;u%rleft%f rf‘éj V#P make

thellne 20 from stai nl ess st eel froma chis
hi ghly resistaf® 3% trhoaRie kiincreger she( ?@FP%nF%ﬁ"f’]’fatF!F,@f gas
(Perfluoroal koxy nesi purifiied isobecaugeveh seesiddirde timee $atitHactory

t I f t tot d | at I
oy becausc TR, confBHRPAT | on 8P AEHAb ec) CECTARENED t hdtld o ri sk

an inci dent ceeSkitrignahe qfol weaversérheabEngthe impurBxpes i memt dberesults

W Il now be gipedhtdd,h E8ECTRNCERL O shin@Ur Eifnet ﬁ\@ﬁlélm h¢pR0 1asma
respectivel y he | nfr red absorbance specfrum a‘%ﬁjgi té ct i on of the

wavenumber Areasor theedreri¥rihh n there is no
di schar ge and when theroe:ervsera ditscinar ghsertvedsechatesabbee kel dwrtanin ai ned

using the an S ed n t hese
cells 34 and 3 |s carrl ela out orﬁ nf:?'er a stgb“%er&@o%zrat(?gn%é%gl d

decreases, in particular because of the decrease in the

density .of the discharge. Thus, an internal diameter
equal to 10 mm is preferably chosen.

Moreover, in order to avoid a reduction in the
energy efficiency in the case of the use of nitrogen as
the plasmagenic gas, the orifice made in the wall of
the exciter for passage of the discharge tube 16, close
to the incident:wave concentration region 76, is chosen
to be equal to approximately 13 mm in the case of the
use of a discharge tube 16'having an internal diameter
of 10 mm and a thickness of 0.5 or 1 mm. The other
orifice, provided on the opposite side from the first,
in the wall of the exciter 10 for passage of the
sleeve 19 and of the tube 16 has a ‘diameter
approximately equal to 22 mm, for a sleeve 19 having an
external diameter of between 16 and 18 wm.

Finally, it will.. be noted that, in the
exemplary embodiment described above, the cross-section
of the wall of the surfatron-guide 10 close to the gap
76 is thinned down by removing material from the outer
wall of the waveguide 40 so as not to interfere with
the excitation of the surface waves.

As a variant, it is also possible, in order to
facilitate the operations of repairing the applicator
should an arc develop within the gap, to provide the
thinned-down part of the wall of the exciter in the

form of a circular added piece provided with an



t he apparatus has been established, so as to avoid taking into account any
transi ent phenonmenon which may in particular result from

adsor ption/ desorption processes on the internal walls of the circuit or on
t he bed of soda |ine. During this stapjlization phase, the cell is
i solated and the gas flows through the corréespondi ng ' .

17 bypass br anch&djustieerte (i Ca&8d Oke DREAT B8 e Gl NGE t PReV@a18S.of N
order to sanple Eﬁg{é&g&téueereproduced identically and a check is nade
that there is alwaysa Const ant pressure in the cell. A reference
spectrumis recorded using a cell purged with pure nitrogen. The net
transm ssion T of the gas sanple is obtained by division with this
reference spectrumwhich integrates the contribution of the optics of the
spectroneter, of the em ssion spectrum of the source and of the response of
the detectors, both these being |likely to drift over tine. The
absorbance is calculated using the Beer- Lanbert |aw fromthe relationship
A=1log (1/T). The products are identified by conparison with
reference spectra stored in nenory, each spectrum corresponding to a known
product . In order to quantify the conmpounds thus identified,
calibration sanples are used, assum ng that the area under the peaks is
proportional to the nunber '



of V|brat|ng bonds per unit of vol une. Referring first of all to
be seen that the krypton anal ysis shows peaks at 1283
H“m ggﬂw t hese correspondi ng respectively to CF4 and
to CHerr]. orrespond to initial concentrations in the
krypton to be pur|f|e 172 ppm of CF44and of 335 ppmof CHerr].
Mor eover, peaks characteristic of H[eréig%&%e observed in the region of
1500 cn{err] and at wavenunbers greate an 3500 cnerr], as -well as
peaks characteristic of residual atnospheric CJerr] in the conpartnment of
the spectroneter, at 2886cadd efot . purlfylnb’braeQ_yaﬁsf,, chaBdeid i &3 pph Nt ed
out that the gﬁ@ % g %#g‘; eq:con%Flns no. otﬁ} urltles at an
appreci abl e co g t% t+ uades gﬁrfﬁﬁsﬁﬁ gure 5, this figure
shows the absorbance speatakimgof theypaid agaist team e idiiedhafew (cur ve
) and as it | eR¥SSqhNe RPNANAWIRICERYE Lhbe (16);

18 As preV|oust the gaseous effluent_to be treated conS|sts of
krypton, at a flow rate SHeatdng and@lgctrirnfield) inj the said @as b¥ind an
i nci dent m cr omases pover af tx@¥eWing electfomégiesti® lm@vewm:hfh

execution of tfg,pracesy, f PO | W TELRLEL | BhBe O78L] VeasRed £

oxygen

cr‘r{err] and

suitable for creating, in che gas, an atmospheric- .
pressure plasma which is not in local thermodynamic
equilibrium for the purpose of dissociating the
impurities in the gas in order to form reactive
compounds; and

- making the said reactive compounds formed
react with a corresponding reactive element (22, 24)
for the purpose of eliminating them from the gas to be
purified.
2. Process according to Claim 1, characterized in
that the elecéromagnetic wave 1is a surface wave
produced by means of a surface-wave exciter (10) of the
surfatron-guide type.
3. Process according to either of Claims 1 and 2,
characterized in that, the said electric field being
created in a region of the dielectric tube (16), it
furthermore includes .a step of adjustment of the
longitudinal dimension of the said region in order to
adjust the length of the said plasma.
4. Process accordlng to any one of Claims 1 to 3,
characterized in that oxygen is added to the said gas
to be purified, prior to the said step of making the
gas flow through the dielectric tube (16).
S. Process according to any one of Claims 1 to 4,
characterized in that the said step consisting in
making the reactive gaseous compounds react consists in
making the reactive gaseous compounds react with an
alkaline element (22), in particular soda lime or an

alkaline aqueous solution.
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is added to the

However, the per\
pl asma generated kn

i n ot her gases.

existing in thg inci d%{o%% ;2SR C
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XFRATAFY Ze8 41 $hate

t he nmaxi num o
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Q im flows through the dielectric tube 16.
Dme‘ u oncentrations in such a surface-wave

ryptdn are*very linmited conpared to pl asmas gener at ed

More particularly, above an oxygen concentration
approxi mately of the sanme order of nagnit@®e as that of the CF[err]
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havi ng been struck, Using the operat,ing rods 53 and 54.
i'éf’tﬁ u

agfexdeeshl ypet

d B9Lductassilfe SPPPBREFatqions,

-t he nodi fi catkmoystdieiorg xemda . wi t hout striking the plasma in order not to

st andar ds.

. \ : e f
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few watts, i.eehaaatenizedioin othaget
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fcildmnriydner in sthet gaidd.gas

une

Havi ng est abldwsheskiddiad i aldtthaneAald/ Shér LR riedPed ddas0qghi ng

cartridge 38 sh

Q urv consi derabl e reduction in the height of the

peaks char act é?a}%t%icéﬁ&r &k%ﬁﬁ&u@fﬁgﬁﬁnﬁ‘espectivel y at 1283 cnfierr]
9.
implementation of a purification process according to

Apparatus for purifying a gas, for the

any one of Claims 1 to 8, characterized in that it

includes at least one high-frequency travelling-wave
exciter (10) combined with a waveguide (12) suitable
for guiding the travelling waves produced by the said
at least one wave exciter (10) to at least one hollow
dielectric tube '(16) in which the said gés is intended
to flow, in order to create therein an atmospheric-

-pressure plasma for ionizing and exciting the molecules

of the said gas to be purified for the purpose of
dissociating the impurities in the said gas in order to
form reactive compounds, in particular fluorinated
compounds, and at least one unit (22, 24) for treating
the said reactive compounds arranged on the exit side
of a éorresponding hollow dielectric tube (16).

10. Apparatus according. to Claim 9, characterized
in that each exciter (10) consists of a surface-wave
exciter and includes a cylindrical sleeve (19) made of
conductive material, inside which is mwounted a
corresponding dielectric tube (16), and a region (76)
for concentrating the incident waves in a space 1lying
between the internal wall of the said exciter (10) and
a free end of the said sleeve (139) for the purpose of
creating therein an electric field coaxial with the
said tube (16).
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by the reactions in the di’scHarge, consisting, on th aC|d
speci es such as HF, COF2, SiF4 and HCN, a?ﬁ on the ot
Cerr]Herr] Curve Il shows that e acid species are no Ionger

detectable  dgynstreagmpy, afgtuérﬁbcoﬁﬁlﬂéxf&eblﬁﬂﬁtibdg%haracterlzed
Quantitative evalutlon of t(g ur|t£ s) L.Lh tQn | eaving the
appar atus, cartPef 6EttB? say rﬁ;g)?‘éeon 19 V\nlﬂ? udeg rr‘BPer cﬂéﬂ@?ﬁrm
infrared spect (64pfryisi owlaich oltites nedhifd ommlea:ltlrlﬁcat tabeni X1y e bé CF4
and CHerr], Rg&ﬁté‘dre%k@haén 08{188?”53} 1?1 Q-f boe) PRIVHN (1§)C

CF[err] and of e cas A'cons| derabl e reduc |on in
t he concentrat Péhdoflnmp’ur%f]llésier i fﬁ%ﬁa’rtﬂe i—lait@FPerqK}Ollrf!g t fhamPe¥ o

observed, whicheb) esupysl fva tﬁq;hsgeqh&hgat L8B14A#I tS in the regul ations.
Wth regard to t hane |t vvould be pqssible to.l ower_ the, reS|du
concentrati ons® £nef ur t HEFPa ac“cﬁﬂf%r’r[“ﬁ siEheT RleLlaip &t _ ‘5;1

addi ti onal stagg, ushagad:tm‘xméd t:rreathmtthedsnd]wbee)fe t hm)" olaam(oﬁhé ype
whi ch makes ItsggaSIlal%ﬁeets.igétr%b@[er(ib'na@econg e mpgnery this

.st age bei ng nount ed_upstream of aratus, so as to avold any

deposi tion i n SRELRASHGRY gEPRERe,(78) é‘lnéle i GBatt ildnalnghudas weang nent

(74) for supplying the said space with a gaseous

19 and 3017 cmﬂ“mu" ﬁmﬁm i ncrease in the scalrss SlfeettHiEB&hdbm&EcES by a
factor of 10 of peaks characterlst E"ﬁ’" wm.n forrred
han

coolant.

13. Apparatus according to any one of Claims 10 to
12, characterized in that, the said gas to be purified,
in which the plasma is to be generated, cohsisting of
nitrogen, the internal diameter of the discharge tube
is less than or equal to 14 mm and preferably equal to
approximately 10 mm.

14. Apparatus accordlng to Claim 13, characterized
in that the wall of the exciter (10), close to the
region (76) for concentrating the incident waves,
includes an orifice for passage of the discharge tube
(16) , having a diameter approximately equal to 13 mm
for a tube {16) haviﬁg an internal diameter of 10 mm,
and a second orifice for passage of the sleeve (19) and
of the tube (16), having a diameter approximately equal
to 22 mm.

15. Apparatus accbrding to any one of Claims 9 to
14, characterized in that the said dielectric tube (16)
consists of silica. )

is6. Apparatus according to any one of Claims 10 to
15, characterized in that each surface-wave exciter
(10) is provided with impedance-adjustment weans which
include a plunger (46) forming a gquarter-wave trap,
this plunger being coaxial with the said sleeve and
mounted so as to be able to move axially in the said
exciter (10).

17. Apparatus according to any one of Claims 9 to
16, characterized in that it furthermore includes means

THIS SHEET HAS BEEN
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stage capabl e of operating at higher oxygen flow rates for treatnent of

nmet hane. It would then be necessary to provide, in addition, a
decarbonation unit for renoving the residual CJerr]. Mor eover, it
will be noted that the residual CO concentration in the purified gas is of-
the order of the average | egal exposure vakue i.e. 50 ppnv.. However, it is

possible to ext&aeta55u§@§h§ytﬁé0&b @t@&{ﬁiieélﬂ@ﬁsiahsgésegae aky0gEN C
distillation steps for éggﬁx) ésc arging it to the at nosphere.
Furt hernore, bofFe&5¢8 %ﬁdF 9#;? GiGrGLELSi ng?eﬁk ed by adsorption on
a nol ecul ar si eue. Apparatus according- to any one 2 Claims 8 |tothe

exerpl ary embodhienkndescidBokd ol IS che WAT108F deBudeathoB-uRLl) |

consists of a sil e to repl ace
a nol ecul ar si e%&, f&hienadpl ed@\"nt heclqs«x" t§ee. Fhet he#ﬁsﬁéentawave

particul ate fikbgtentBYtidie r j@%eQ7dqmnstrean1of t he sieve so as to
prevent solid carbon- containin artl les fro e ng,on_the exit side
of the appar at ugg App "'f‘?gr"’?ﬁﬁ%r gi%f'ﬁ fém g&a&aﬁ GHE0TS1 y be
conpl eted by a ¢onvEmti othe tt;tpmrm‘d-tdmmdlpaet mmceueupalleamfofead:ie soda
lime so as to a&ﬁeﬁtébedgﬁscea ?ééé CoENEK 3 Bt [ clef QUBIRILOTES SENE! Y

drying the latter, due t ect o f the gas to
rest of the sald wal

20. Apparatus according to any one of Claims 9 to
18, characterized in that the said at least one unit
(22) for treating the said reactive compounds each
consist of a soda-lime cartridge.

21. Apparatus according to Claim 20, characterized
in that it includes a humidifier arranged upstream of
the soda-lime cartridge (22). '

22. Apparatus according to any one of Claims 9 to
21, characterized in that it furthermore includes a
unit (24) for déhydrating the said gas to be purified,
this unit being arranged downstream of the said unit
(27) for treating the said reactive compounds.

23. Apparatus according to any one of Claims 10 to
22, characterized in that the said surface-wave
exciters (10) each consist of an exciter of the

surfatron-guide type.
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be purified in continuous operation, and bringing the flowing gas into
contact with water so that this gas becones | aden with vapour

Mor eover, the description just given applies to the purification of krypton
and of xenon, but of course the purification process described above al so
applies to any type of plasnmagenic gas, in particular argon, and in general
to the purification of gases such as Ar, Ne, Ne, Kr, Xe, He, Jerr],
CJerr], and Herr] However, the invention nmakes it possible to
purify krypton particularly effectively, this gas being capabl e of
generating a plasma having a relatively long residence tinme and the atons
of which are relatively cold. Morggver, the inpurities nentioned
above mainly consist of CF4 and CH err], but-of course the invention also

applies to the purificatign of es containing other jnpurities, in
particul ar ot her EPFFﬁﬁrf@EﬂQﬁﬁ%ﬁ%ﬁﬂg(ﬁ'%ﬁfs saﬁﬁafﬁkggogﬁﬁaP%%ns.
Finally, in the above desimplementaifidthefi susht roprohesplasnma is created
using a surfatron- guide. As a variant, it is also possible to provide the
apparatus with other high-frequency plasma-creating devices, for exanple a

surfaguide or a "ro-box" with regard to the surface waves, or optionally a
resonant- cavity device of known typeABEERALLe one of the

This process for purifying a gas includes the
steps consisting in:

- making the said gas flow through a hollow
dielectric tube (16});

- creating an electric field in the said gas by
means of a travelling electromagnetic wave which
travels in the said dielectric tube (16) and is
suitable for creating, in the gas, an atmospheric-
pressure plasma (18} which is not in local
thermodynamic equilibrium for the purpose of
dissociating the impurities in the gas in order to form
reactive compounds; and '

- making the said reactive compounds formed
react with a corresponding reactive element (22, 24)
for the purpose of eliminating them from the gas to be
purified.

Fig. 1



21 conducting structures for field propagation which are al so known:

| adder, spiral or helix structure going around the outside of the

di el ectric tube. In this latter enbodinment, in which the travelling
wave is not a surface wave, the |ongitudinal dinension of the plasm is

adj usted by sizing the plasnma-creating device appropriately so that the

pl asma extends over a sufficient I ength along the discharge tube, in order

to obtain the desired |l ength of plasna. The description of the
i nvention given above was applied to thespurification of krypton or of
xenon, or to a mxture of these two gases. O course, as

he invention also applies to the treatnent of
qnd i n particular to the treatnment of nitrogen, a

mentioned previously,
ot her pl asnageni c gag®s
gas in which the :

ot her gases, such
t hrough the chanb

In this case, the coolant flow ng
ited by the dielectric tube and the outer
cyl i nder 66 of tﬁ preferably consists of an isoparaffinic
al pha-olef in pnl ol d by the conpany Lubri Delta Inc., Quebec,
conventional ly us I draulic circuits. Conventionally, a
surface-wave di schi ipjnitrogen has fewer radial contractions than an
argon, krypton or xeno ma, and the light-emitting region is radially
del ocal i zed throughout jthe dregs-section of the discharge tube. In
order to mnimze the | nsity close to the inner wall of the tube,
three paraneters nust ermned in the case of generating a
plasma in nitrogen, . the internal dianeter f the discharge
tube, the diameter of thB|two orifices made -
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in the constituent wall of the exciter for passage of the tube, and the
anmount of thinning of the wall of the exciter close to the incident-wave
concentration region 76. Thus, while the internal dianeter of the

22 di scharge tube is chosen to be equal, for exanple, to 4 mmin the case
of krypton or xenon, in the case of generating a plasma in nitrogen, the

I nternal dianeter of the tube 16 is increased to a value equal to 14 nm so
as to be able to increase the total flowrate of gas to be purified for a
given residence time in the discharge2/3 without appreci ably decreasing
the efficiency of conversion of the inpurities to be treated, and at

the same time mnimzing thgypl asma ggnsi close to the inner wall of the
above a certain dianeter the

t ube. However, it is ORserved ¥ ha
efficiency of | Npur i (ARSI R FRRrRe Ll AR AR dzzR| ar because of
the decrease in the dengity of the di schi}Q Thus, an interpal dianeter
equal to 10 mmis prefefably chosen. Moreover, in order to avoid a
reduction in the energylefficiency int se of the use off nitrogen as
the plasnmagenic gas, the¢ orifi¢e made i 4k wal | of the exqiter for
passage of the discharge tu«be—3b—esl 0sejliojihe i nci dent-wavej concentration
region 76, is chosen al 14
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to be equal to approximately 13 mmin the case of the use of a discharge
tube 16 having an internal dianmeter of 10 mmand a thickness of 0.5 or 1
nm The other orifice, provided on the opposite side fromthe first, in the
wal | of the exciter 10 for passage of the sleeve 19 and of the tube 16
has a dianeter approximately equal to 22 mm for a sleeve 19 having an
external dianeter of between 16 and 18 mm Finally, it wll be
noted that, in the exenplary enbodLngpg descri bed above, the
cross-section of the wall of the surfatron-guide 10 close to the gap 76 is
t hi nned down by renoving material fromthe outer wall of the wavegui de 40
so as not to interfere with the excitation of the surface waves. As
a variant, it is also possible, in order to facilitate the operati ons of
repairing the applicator should an arc develop within the gap, to provide

t he thinned-down part of the wall of the exciter in the formof a circular

added piece provided with an 23
adj ustment rimand wel ded to theggest of th |1 of the exciter.
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24 CLAIMS 1. Process for purifying a gas,
characterized in that it includes the steps consisting in: - maki ng
the said gas to be purified flow through a hollow dielectric tube (16);
- creating an electric field in the said gas by neans of a travelling

el ectromagneti c wave which travels in the said dielectric tube (16) and is
suitable for creating, in the gas, an atnospheric- pressure plasnma which is
not in local thernodynam c equilibrium/6or the purpose of dissociating
the inmpurities in the gas.in order to formreactive conpounds; and -
maki ng the said reactive conpounds formed react wth a correspondi ng
reactive elenent (22, 24) for the purpose of elimnating themfromthe gas

to be purified. 2. Process according to Claim1l, characteriged in that
the el ectromagnetic wave is a surface wave produced by neans oj} a
surface-wave excd ' Py ocess
according to eitNger of Clainms 1 and 2, characterized in that, e said
electric field belrRg created in a region of the dielect#ic tu %%6), it
furthermore includes a step of adjustment of t he Tt udi nal nsi on of
the said regionwn/order to adjust the |l ength ofzthe said pl Eg}
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4. Process according to any one of Clainms 1 to 3, characterized in that
oxygen is added to the said gas to be purified, prior to the said step of
maki ng the gas flow through the dielectric tube (16). 5. Process
according to any one of Clainms 1 to 4, characterized in that the said step
consisting in making the reactive gaseous conpounds react consists in
maki ng the reactive gaseous conpounds react with an al kaline el enent (22).

6. Process according to claim5b mhe%§%n the al kaline element is soda
lime or an al kal i ne agueous sol uti on.
25 7. Process according to any one of Clains 1 to 5, characterized in

that it furthernore includes a step of dehydration of the gas after the
step of reacting the reactive conpounds wth a corregpoRding _reactive
el enent. 8. Process according to any one @f Clains 1/to clégactérized
in that the said gas is conposed of krypton(ﬁgéqﬁnuk B Pr 0@@ss
according to any one of Clains 1 to 8 chawacterized in tRat tRelinpurities
in the said gas are sel ected fram net han&-and perf]| ingted gppes. 10.. -
Process according to claim9 wherein theSer r1 ngtedras-is

tetrafl uor onet hane. __—4'*
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11. Apparatus for purifying a gas, for the
purification p ess according to any one of Clains 1
inthat it i nc&ﬁﬂﬁm EEH uu e hi gh-frequency travel
(10) conbi ned (12) suitable for guidi
waves produced by t he sald at’ | east one Wdve exciter
hol | ow di el ectric tube (16) in which thersawmd gas is
order to create therein an atnospheric- pressure plas

R

I

ng
19
nt

p WE@NQDSHJEH d

ti"SJU Yogll

[ ng-wave ex0|t

ng

to-at Ieast ne

enaea to

o in

for ionizing and

exciting the nolecules of the said gas to be purified for the purpose of

di ssoci ating thé.inpuri Presessm fhe gandfyisg m ogder tbakecteriaediie

| east one unit (22,
on the exit side of a
correspondi ng hol | ow di &l Sed%ing t tibe (&%}d gBs  toppbar Awelfdesor dilay to
Claim 11, charaehebugRdai Rollew EadktGid eube( ¥8F) ¢onsi sts of a

conpounds, in p%hﬁtc!ka&géiﬁﬁgé'EHé“Eﬂé u%ggggffgﬂg Sﬁ

24) for treating the sald reactive co

sur f ace-wave exciter and |ncludes a %¥|qurlc Iee
i i staatiRh
conductive material, '1Tn3i

19)

ettt

by

dielectric tubemeée_}?, afd & resgqa(ml_(lie)z f@rlecc;nr@@ngnat:ltﬂg whwei nghdeht
waves in a spacerhy¥bng behvweeRe t ey it fitdle Malilc Ofcubae §3k§ expist €5 5(10)

and a free end of .the said sleeve (19) for the purgos%ngfa%%%%%hg

an electric fiePd td8kFalt ¢ FFEREING: in th

glthereln

26 pressure plasma which 3is not in local thermodynamic

equilibrium for the purpose of dissociating-

impurities in the gas in order to

compounds; and

- making the said reactive compounds

the

form reactive

formed

react with a corresponding reactive element (22, 24)

for the purpose of eliminating them from the gas to be

purified.

2. Process according to Claim 1, characterized in

that the electromagnetic wave is a

surface wave

produced by means of a surface-wave exciter (10) of the
surfatron-guide type.
3. Process according to either of Claims 1 and 2,

characterized in that, the said electric field being
created in a region of the dielectric tube (16}, it
furthermore includes a step of adjustment of the
longitudinal dimension of the said region in order to
adjust the length of the said plasma.

4, Process according to any one of Claims 1 to 3,
characterized in that oxygen is added to the said gas
to be purified, prior to the said step of making the
gas flow through the dielectric tube (16).

5. Process according to any one of Claims 1 to 4,
characterized in that the said step consisting in

making the reactive gaseous compounds react consists in

making the reactive gaseous compounds

alkaline element (22).

react with

6. Process according to claim 5 wherein the

alkaline element is soda lime or an alkaline agueous

solution.

an
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13. Appar atus according to G aim1l2 , characterized in that the

said sleeve (19) includes an inner cylinder u h the
said dielectric tube (16) is mount ed, an 'mmmf” mer (66)
whi ch, with the said inner cylinder (64), del i'm t's & ct)ol i ng

chanber ) (68) supplied with a liquid coolant.
Appar at us accor’di ng to Riockes eiccording 12 amy one of Cll&ms:hhrmtéri zed

in that the saichstRav8 1L lﬁn@hfahelt furthersdkd 1QEQL§EEréC°LI&b’b8f (16)
are separated i ndrical space (72) I n that

i ncl udes neans deq}/ydratloﬁﬁf ftcﬁgs Pl $FRETL I"’r@‘esa? Ps;f%\%er%?%l%g g‘é@%ous
cool ant . reactive dJdappsswaids aefbhdi rg t copnyspeneditig O geasridet 0
14, characteri zg %b dhtthat, the said gas to be purified, i n which
the plasma is to be generated consi sting of nitrogen, the
internal di ameter of tR&EcgESEhacgerding to any ones dfec@laimsn ortequal to
14 mm chbfracterABpar aids @GROr @iy £8igl ahdR 1&9)/%1%6%65&86 of

i nternal dianmeter of the di scharge tube is approximately | Onm

17. Appar at s Y&CCSr & ngt'8™c ai m 15, characteri zed in that the
wal | of the ex&-ter (E@pcessl aseordlngeto any oner efi Aityife If aro 8 ,
concentrating TdPx%z‘a%‘EbQ’.e;QEdV‘@fpsth;)xt the. 1&;{@&%%% afy, Ok hLl G 4 egfé)sassage

of the discharge tub havi ng_"a di amet er approxi nmat ef y equal

to 13 nm e fﬁ?ﬁe&tteﬁlbefr@fe)m STy i | Pref T diahhd asds 10 nm

and a second owdtice feropassagecetaihg sbeeygihl9) wabfein the Of the
t ube (16), havpegfaudraﬁated gapr@glﬂatﬁém@ey&hetnane to 22 mm

18. Appar at accor to any .one o ips 11 to 17,
charact eri zed ﬁi ‘t hat HB L3P di dP&ct rl?‘ér’fﬁffe“? 16 9as, fegnsids of
silica. lmplsmentanppar sfus: apeoi fiogt ton apyooresofaddaaidimgldd o

18, character bﬁ?d ond E@atcleﬁ"ﬂfg' 1S4 are- %ﬁ:&ac@é?ltz%d in that (9 IS
provided with i, mge gnce adj ust ment means
udes at’ least one high-frequency travelling-wave

exciter (10) combined with a waveguide (12) suitable
for guiding the travelling waves produced by the said
at least one wave exciter (10) to at least one hollow
dielectric tube'(lG) in which the said ges is intended
to flow, in order to create therein an atmospheric-
pressure plasma for ionizing and exciting the molecules
of the said gas to be purified for the purpose of
dissociating the impurities in the said gas in order to
form reactive compounds, in particular fluorinated
compounds, and at least one unit (22, 24) for treating
the said reactive compounds arranged on the exit side
of a corresponding hollow dielectric tube (16).

12. Apparatus according to Claim 11, characterized
in that each exciter (10) consists of a surface-wave
exciter and includes a cylindrical sleeve (19) made of
conductive material, inside which is mounted a
corresponding dielectric tube (16), and a region (76)
for concentrating the incident waves in a space lying
between the internal wall of the said exciter (10) and
a free end of the said sleeve (19) for the purpose of

creating therein an electric field coaxial with the

said tube (16). REPLA(E%AEYT SHEET
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include a plunger (46) forming a quarter-wave
pl unger being coaxial wth the said sleeve and nount 33"“”%’#"#” e to
nove axially in the said exciter (2160)'

according to any one of Clainms 11 to

characterized in that it
furthernore includes ne

t Cl 2 . characedri®iq
adj ustiing the | olnb t udi naﬁpadrartr_‘elnsmaocﬁ:og ltnlslie cTasn%mtl:rleat ed in Et:her (?I | ow
e

di el ectric tube {neyhapithe saixppuiesivigs (&é’éorl&cllr&dﬁﬁ &Ry 1BRET of YHIRFHE 9 to
20, characterizeggin, that theoal lcmef %&QH emeuebt(:ie) tabe tlhiénedisdown

cl ose to t he I ncj dent -wave concentr n 2
Appar at us accor dFPESFa 8Rfh 28 BHEFRCCE i ggr &E@at &ggéht h%ﬁﬁeld Haan
part of the wal |said eanheexmﬁlemd(em)(&ﬁnm debimitan aaderal gl cehapbeed to

the rest of the ' S ing to an one of Cains
11 to 19, charactFerl z&%i &ﬁwu E’.%ﬁ&& c86Eah€l Ng y

he sar’d at | east .one
treating the sai¥treact |W%¥b’q§ur?d:§°é‘§éﬁgc5r‘?sle§t heyr a?tgs‘| ((Lj]af’( an?’?(?l dge.
24, Appar at us1 accehsh-age i £ddi in Xhatc htheacd®id zebedve t hed) iand ntheides a

hum di fier arran ed upstr th da- | C |d 25

d
Appar at us accor ng to%%nggglﬁgggf Eélu%% E[EF adrxfer chgr a%%%%?zedbl n tarl\at It
furthernore |nc|gm&gpdr1cal space (72) and in that it includes means

(74) for supplying the said space with a gaseous
coolant.

15. Apparatus according to any one of Claims 12 to
14, characterized in that, the said gas to be purified,
in which the plasma is to be generated, consisting of
nitrogen, the internal diameter of the discharge tube

is less than or equal to 14 mm.

16. Apparatus according to claim 15 wherein the
internal diameter of the discharge tube is approximately
10mm. )

17. Apparatus according to Claim 15, characterized
in that the wall of the exciter (10), close to the
region (76) for concentrating the incident waves,
includes an orifice for passage of the discharge tube
(16), having a diameter approximately equal to 13 mm
for a tube (16) having an internal diameter of 10 mm,
and a second orifice for passage of the sleeve (19) and
of the tube (16), having a diameter approximately equal
to 22 mm.

18. Apparatus according to any one of Claims 11 to

17, characterized in that the said dielectric tube (16)

.
e

consists of silica.

19. Apparatus according to any one of Claims 12 to

18, characterized in that each surface-wave exciter
(10) is provided with impedance-adjustment means which
include a plunger (46) forming a quarter-wave trap,
this plunger being coaxial with the said sleeve and

mounted so as to be able to move axially in the said

exciter (10}.

REPLACEMENT SHEET
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20. Apparatus according to any one of Claims 1l to

19, characterized in that it furthermore includes means



unit (24) for dehydrating the said gas to be purified, this unit being
arranged downstream of the said unit (27) for treating the said reactive
conpounds. 26. Appar atus according to any one of Clains 12 to 25,
characterized in that the said surface-wave exciters (10) each
consist of an exciter of the surfatron2guide type. )
for adjusting the longitudinal dimension of the plasma
created in the hollow dielectric tube (16).
21 . Apparatus according to any one of Claims 9 to
20, characterized in that the wall of each exciter (10)
is thinned down close to the incident-wave
concentration region (76).
22 . Apparatus according to Claim 21, characterized
in that the thinned-down part of the wall of each
exciter (10) consists of an added piece welded to the
rest of the said wall.
23. Apparatus according to any one of Claims 11 to
19, characterized in that the said at least one unit
(22) for treating the said reactive compounds each
consist of a soda-lime cartridge.
24.. Apparatus according to Claim 23, characterized
in that it includes a humidifier arranged upstream of
the soda-lime cartridge (22).
25. Apparatus according to any one of Claims 11to
24, characterized in that it furthermore includes a
unit (24) for dehydrating the said gas to be purified,
this unit being arranged downstream of the said unit
(27) for treating the said reactive compounds.
26 - Apparatus according to any cone of Claims 12 to
25, characterized in that the said surface-wave

exciters (10) each consist of an exciter of the

surfatron-guide type.

) O
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