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WO 02/ 35575 1 PCT/ FROL/ 03293 Device for treating gas with plasma The
present invention relates to a device for treating gas with pI asnma
whi ch nethod the gas for treatnment is excited by the plasna. 'a"&ﬂ or

‘treating gas with plasma, particularly sustained by m'crovvaves of this

type gener al | y corrprl se a wavwcl) d)@l];ﬁﬁ'?lsmg[ hol | ow structure intended to

...... o gane pans for._causing the gas for
treat nent to ci rcuI ate through sai d structure inaregionin whi ch the
anplitude of the electric field associated with the incident wave is _
hisgh')&‘wﬁem 8 (eﬂtger'e{b a@pﬂh@ﬂ BN Fars o leplpmiianc bfpthe 1eb-lddreadesg@sl the other
tre &V@ Fusasiap e abliravigtions yrefereapa & rofde aniheedndaiatiang HiGuidance

di's gﬁ‘?' aWPt Up ITésTML g &res ot Cads erdsAbbresiniipari) ariig bagiyaing of each

kryp ?gg"’ ﬁp‘ﬁp‘% I)( 2ol rfétf?’eff'i“efsofdrel’@%@fae effluent, a

pI as(gﬁ Y ecul es are excited, ionized and split
L m'érg nts d radicals. These snaller fragnents

then reconbi ne and react W t h each ot her and/or with auxiliary gases to

Virdbliedt€W Speci es 25 which can be renoved fromthe gas by conventi onal

net had&;&ummndzg@%myﬁﬂadsor ption for exarrpl e. The nolecules of the

background gas for purifying or decontam nating reach the outlet of the

installation wunchanged and in their fundanental state. For further 30
details on the various devices that allow the creation of excited,

pI asmas, reference can be made in greater detail to the work entitled

"M crowave Excited Plasmas" by M Misan and J. Pelletier, Elsevier, 1992.
35 Document US-A-5, 750, 823 descri bes a device for treating

57 Abrégé Ce dispositif de traiteinent de gaz par plasma, entretenu par micro-ondes comprend une structure cieuse.{12) formant
guide d'ondes destinée & étre raccordée i un générateur de micro-ondes, et des moyens (29) pour fainé circuler le gaz i traiter 3 travers

_ ladite structure dans une zone (20) dans laquelle Iamplitude du champ £lectrique associé 4 I'onde incidente est Elevée. Les moyens

pour faire circuler le gaz comportent une torche (29)2 plasma pour 12 production d"un plasra dans le gaz. Latorche comprend un
 injectear (30) en matériau conducteur €lectrique monté sar unc premidne grande face (33A) de ladite structure (12) ¢t.5'élendant cn

saillie'& travers un orifice ménagé dans une deuxidme grande face (33B) opposée 2 ladite premidre grande faee Un interstice de
‘passage des ondes incidentes s*étend autour de ]'m_]ec*teur



gas with plasma which allows the gas to be excited by sustaining therein
an electrical discharge by neans of an electric field associated with
RREhE05 ¢

i nci dent REPLACEMENT SHEET (RULE 26) 12 April 2005 - 2 elect )

waves. These v, xcited by an -agplier of a field formed by the
hol | ow struct%?eﬁsﬁ‘%grﬁig a wavegui de, and which is itZETVFROF/AR3293

m crowave power froma conventional wavegquide, also fornmed by the holl ow

structure. WhEViGe fan dnedting saas fetthypbaswaf ace el ectronagneti c wave,
the field appliers used are of surfatron guide or surfaguide type. 10 The

nmeans used f causing the gas to circulate consist of a tube made of -
dielectric n&ﬁ‘& iRiesTH WHItRREReR gied@kssgdq sa cfexfieg. fion xgaieing

%anm8 es of gashwjah tph&gézmn':] iRy wiha e ar@:h&?sgm%bgds: F A0 QR seE- A- 44
418 and US_ A- _5.. . .Jhese systens are used at | ow pressure.
Docunent EP- -Soefg:%%%&%geéc@rel l?ésas evice for treating gas with plasm
conprising a resonant cavity operating. 20 at atnospheric pressure. These

gas treatneng LG&es | t -advant age in _ of __cqnverssian yield,
energy effici ggg%%gango?owgg(%%grlglgﬁ ngfa%engr:i#vi P)}tat%'(%{g%vaﬁaarb lecugﬁ‘er&é’t i ng
condi tions, SBSHB1R8FePN MjcoowHERR\aiht Blyks | hyphagenkepliye quomliye or
i11-suited ta thgvégeadderbringasnditopr eskdon, ol méraé%'é& s T
er. i's

appr eci 3@ e am)untg af. solids, .generally in the formof po
i s because sUTAPRBEETi aF8 cdn EPSFIRYS uIEERSraL®E chaife BaanFor foreat nent

circul ates amausimghthé fhe for treatment to circulate through said
Structure in a regiom in which the amplitude of the
electric field associated with the incident wave is

high, and is preferably at a maximum.
15
The principle of these gas treatment techniques
consists in creating, by means of an electrical
discharge in a predominantly plasma-generating gas
{argon, nitrogen, krypton, xenon, etc.) containing
20 impurities or gaseous effluent, a plasma within which
the initial molecules are excited, ionized and split up
into smaller fragments, atoms and radicals. These
smaller fragments then recombine and react with each
_ other and/or with auxiliary gases to yield new species
25 which can be removed from the gas by conventional
' ~methods such as reactive adsorption for example. The
molecules of the  background gas for purifying or
decontaminating reach the outlet of the installation
_ unchanged and in their fundamental state. For further
- 30 details on the various devices that allow the Ccreation
~ of excited, plasmas, reference can be made in greater
detail to the work entitled "Microwave Excited Plasmas"
by M. Moisan and J. Pelletier, Elsevier, 1992.

.35 Document US-A-5,750,823 describes a device for. treating
gas with plasma which allows the gas to be excited by
sustaining therein an electrical discharge by means of
an electric field associated with incident

REPLACEMENT SHEET (RULE 26) ‘



di scharge is created or, at the very least, can alter its initially
optim zed internal geonetry, disrupt heat exchange and i npede the cooling
of the tube, or 35 alternatively nay have an adverse effect oh? fipgl 2005
dielectric properties of this tube and disrupt the propagation of the
surface wave. 12 April 2005 - 3 To al Tefiate this di sadvant age it is
possi bl e t o edeckrogagnateat neavedeviTeese whivels tdmee gascditegbnber taad i nto

plasma not | Bpp16@ali 8d & Utidiq SPRCE R b Acnd el i)Y Qi
spatially separated fromthe 5 waveguide. In"this case, one 0 € ‘possible
arrangenent s {P¥TiRGt Bf WapeguhEet or eRdsuphbbek ediaind tfakf byfede widikegui de.

What happensmigrbaired pwed 0pESMNOL L RInEIONLT Wk el Or ¢iRyYy i oned
di sadvantggeiﬁg%ngrﬁt e(!‘J: byﬁqﬂgog,otential formati on of sol1d deposits, in
that the Dl a FE 18t TPy "n SIS eed pi pe of the torch but.
downstream of the latter, at the end of the torch nozzle. 15 To produce

such a gas t men evice, .the free end of 20 discharged into_the
- at nosphere. ?ﬁ%ﬁtor%ﬁg vvhg)r &5 Re pllassma ?%?'f‘%l,n% enngnt 0%a cKRIMESE whose

mai n functi oRlestrempapeticousive colthect fiakd gagds eafs ensedeaanenpfin. the
plasma and tgufegelds §heaes8l gug%g?ﬁgh% @ %r_at ed by the treatnment. The
to

gases thus collected are then direcfe an outlet duct. They can
then belfsed as they are, or alternatively undergo a post treatnent, or

al ternativelyhstmedngbysba 2orAckedmetHDP IR Hfts Uehrdu1h €6 04BYME  BEasma
torch is the aX|at1r I Nj e%tﬁf on torch (AILT). Such a,tirch_ls escribed for
exanple in t9e 8rtf¥e TRA¥C Abs e strEer#a egLﬁ'r&Ie-“’g’é‘dﬂ"m Eh8wave
pl asma t or chligfdieaagm Sourcested. :
4
15 Other examples of such gas treatment = systems are
described in documents DE-A-44 28 418 and - US-A-
5,3001202.’ These systems are used at 1low pressure.
Document EP-A-0 295 083 describes a device for treating
gas with plasma comprising a resonant cavity operating
20 at atmospheric pressure.

These gas treatment devices, although advantageous in
terms of conversion yield, energy efficiency, and low
operating sensitivity to variable operating conditions,
25 do have a major disadvantage in that they are poorly;
or ill-suited to the treatment of gas the breakdown of
which yields appreciable amourits of. solids, generally

in the form of powder.

30 - This is because such materials can clog the tube in
which the gas for treatment circulates and in which the
discharge is created or, at the very least, can alter
its initiallyroptimized'iﬁternal geometry, disrupt heat
exchange and impede the cooling of the tube, or

35 alternatively may have an adverse effect on the
dielectric properties of this tube and disrupt the

propagation of the surface wave.



Sci. Technol. 3 (1994) p. 584 to 592) or in the 30 addition certificate
application FR-A-2 533 397. The AIT torch was applied to the destruction
of SF6 and C2F6. However, its architecture is relatively sophi 42 Aprt 2085 and

Fts construction is fairly conplicated gand expensive. In addition, it is

35 intrinsicglly difficult to seal the gas circuit well, and this
represents aeij el SRR 'i}?%%aéhﬁ‘? YEHAER U It iRRFIERES EBntiEieniang

i mpuriti es ogasf fineertmantoskevicenviai Skloicli ehdsgdangsr evsnveases (o
exanpl e cor i hal.Qgengted c inds), .0 |.ternatively -4 12 April 2005
gases of hi gﬁqég ed ?/la%ueri krg}pt ggﬁggﬁlexem?ﬁ‘%ﬁﬁrnaﬁp??e t%’é‘ ertgt h%f the
Al T nozzl e f&edasigelys epene vadvmpe andpathied iyaysepseapedb| frenofthe -
recondensat i QRvebulitRUr i t1£S. cHig obiggls of Lhe i nyentign is to.akheviate
these disadvantages. In accordance wth ' an aspect of tthe pr esent

i nvention, PRhEPBIPECRLSyiddedtBalieteaf tlasmat FRyChasSuper pedsand

particul arl yfedsbgi ahe wyveyaiageaves, of the type conprising a hollow
structure form ng a wavegui de intended to be connected to a m crowave

generator and neans for causing the gas for treatnent to circul ate through
said struct@rati happesgi 08 thavhicliodet: arqd trigte afftde agyesernal field
associ aggd Wi Lachdgngs wave_Ls_high and preferably at Xi oum
characteri zed ﬁé@%{;{]ﬁ%& Irir%fggég?%?é 3%59%‘ il e(éa yi‘o"'rﬁ/? r@‘agﬁgﬁf'aﬁ
circulate covgrrktont of egetidndeposdine .t ckrhthat phedpdiasma ats i hst

outlet, a plEsihedNih het_la??é OfebdCBipRNbr Wi Wth HRTRIELGA

I njector nade_of electric y conductin mat eri al nounted ona first |arge
face of the Ua/efilREEFor Aihd-he rerd PE iR bevFlceeaglehr ough an orifice

made in a second |arge face opposite said first large face, a
15 To prpduce such a gas treatment device, the free end of
the torch, where the plasma forms, opens into a chamber
whose main function is to imperviously collect the
gases after treatment in. the plasma and to receive the
_ solid deposits generated by the treatment. The gases'
20 thus collected are then directed toward an outlet duct.
They can then be used as they aie, or alternatively
unde_rgo a post treatment, or alternatively still may be

discharged into the atmosphere.

25 A known example of such a microwave plasma torch is the
7 axial injection torch (AIT). Such a torch is described
for example in the article *"An atmospheric pressure
waveguide-fed microwave plasma torch* (Plasma Sources
Sci. Technol. 3 (1994)_p. 584 to 592) or in the
30 addition certificate application FR-A-2 533 397. The
AIT torch was applied to the destruction of SF¢ and

CyFs. However, its architecture is relatively
sophisticated and its construction is fairly
complicated and expensive. In addition, it is

35 intrinsically difficult to seal the gas circuit well,
and this represents a very serious disadvantage whenr_
treating gases containing impur'ities or effluent whose
conversion yields dangerous  gases (for example
corros_ive halog—enated compounds) , or alternatively



gap for the passage of the incident waves extending around the injector.

Thi s device may al so have one or nore of the followng characteristics,

taken in isolation or in any technically_feasible conbi nat i onl2 Ap@l 288%i ce
p

conprises neans, of adjusting the axial '‘position of the injector with
il 2005 .- the

eobect ool NEONTR. LB g SLE g o0 8 AL PO0R L e

adj usting #e3he are

ext ernal sthéagenaitht ke itHeADr n@ﬁgléokbéﬁobiﬂéuléM&ﬁﬁ@etﬁ@HPDQQ%Ene by
t he waveguj de- form ng structure; the injector has a roughly cylindrical
outer partthRifiemayj BeFEnErREARESaPE HesPaRea SRl itme ofodmPaIrid idsubl e- ring
coupling device fixed to said first large face of the structure, the
doubl e ring coupling device having the injector passing through it, and
sai d cyl i rthe¢ cabbpect i ©f t itgie entwlvenatiahl yient acaisl tevpdtag daesee; 12

April 2005 . vegui de-form ng holl ow structure has a first end
i nt ended t%ﬁ%égégﬁ%%g?%d to a mcrowave generator, an opposite second end

i ntended to be equi pped with inpedance adjusting nmeans form ng a short

circuit, and 5 a region in which the neans for causing the gas to
circulate:BhdaFGPI@%ﬁﬁﬁyiHbthhéﬂhiéﬁ@ﬁ@We pbwdirig opresengndinyenhionnj ect or

are provi dgtbrsald pegLPRHS & TR QL 9%9%&8%’8%? %% SAGH O aspdl d
regi on of narrowed cross section conprises a part of ‘ConstBnt >t bss
section i Pastiichikdwl yreassstarinedusi by t heigaswdves) r cwfat ethee prpyéded,

n extends between two parts the

and said A &pn.of nar.r d cross secti ] !
‘cross secti0 &F%ﬂﬂ(ﬁ]qéifé%s%gr??ﬁﬁﬁ?lgormlng a waveguide intended
to be connected to a microwave generator and means for

causing the gas for treatment to circulate through said
structure in a region in which the amplitude of the
electrical field associated with the incident wave is high
.and'preferably at a maximum, characterized in that the

means for causing the gas for treatment to circulate
comprise at least one plasma torch for producing, at its

outlet, a plasma in the gas for treatment, the torch
’comprising an 'injector made of electrically conducting
material mounted oh a first large face of the waveguide-

forming structure and projecting through an orifice made

in a second large face opposite said first large face, a

gap for the passage of the incident waves extending around

the injector.

This device may also have one or more of the following
characteristics, taken in isolation or in any technically
feasible combination:

- the device comprises means. of adjusting the axial
position of the injector with respect to the waveguide

forming structure;



t

E

toward the first and second ends; 15 - said region is a region of constant
cross section which extends between said two ends, and the device. further
conpri ses an i npedance nat cher which C(_)Elav_erts t he el ectromagné:f{"ﬁr‘lzo05

i npedance of the plasma injector systeminto the characteristic

el ectromagnetic 20 inpedance of the wavegui de-form ng structure; the

i npedance matcher is a hollow cylinder made of a material that is a good
conductor of el egbrigLdivst ikl egWlsarl y. o ot _br : anged
coaxially around the :l;nj ecrltp%r He%#ds ei%[%ngile% rodm %Lﬁe @2‘%0%@%‘5%?% Qae face
of the str8€raveEhreadr fogmed forr dthe mjerdalkcesurfabe ofctheaiedebave a

frequency r I . nd the hollow cylinder, has a | ength of
bet ween 259{17%1 g%gﬂﬁ%) On%ﬁtﬁg]rgg‘_geir% 1§ FOREHIRE Bohe H¥aoth Wﬁ]vﬁﬂﬂggﬁ'
out si de di Boenhéngobtbatwaes;20 and 30 nm preferably roughly equal to 25
mm the gap is dﬁlin:it,ed by the orifice formed in said large face and the
outline of the HAfecdtectiMe Bavi & EBRFhil¥escrhindriral duleroparsd on
35 sai d seepadabigngeihac ' y r of i i C _

di ameter snall er?t han ?hgleaaﬁgne%r r%‘&alt e oj;ﬂle :eé'g (%bq:sma;,%% s%cgﬁgb?g{r ge
face, the ¥ iccwelingtddvipy fhuyedehor akidr ifime; awhge Bpacesfpthee i
pl aced 12 i 5 -6 tween the annul ar .di sk and said second | arge
face spacsggfda%/\%%p 'ront%}f%e%:o(%gleof The CERPP;IHI@H feydce hRagLpe o’F}“?he
orifice delnjedtiay passyny throhghr awndemthd psaidcehaingraREl- Wi, 1shape;
5 - the g%ﬁé;ih%feb%%\een 1l mmand 3 rmw de; the hollow structure has, at

| east at 6% radhiflly Rty cakdmsurtingcdevicehese ends, a wi ndow



made of dielectric material, particularly of Teflon(r), transparent to

m crowave energy and isolating the 10 internal volune of the holl OVYt
structure in a roughly gastight way fromthe wavegui de secti oh& AR 200 ng

respectively toward the mcrowave generajor and toward the inpedance
adj usti ng neans; tsge device further conprises a treatnent reactor 15

mount ed on t he waYBGuraEeRSASTE WF ISy PRy (Flerurigire ppF ng EAESEree end
of the injecend; inteneld tof bbecbhastieatl thealtmiciswayé i §ehbeatorand

equi pped with a lng.coil in co nicati Lth, a source of cooling
fluid; 20 - 'tlfjlﬂeo Algcle u%’t ferco nait?élgter?égel%sm%f’ ;}ﬁ%pler%‘lﬂ?g% a‘f’?‘rﬁéphere
in the treat mngdmaet od] usttd nuunarys nEansingnst isthere nearsuiof, aspdsting
the roughy hapdiglod | 9 QfnidE 933€Spaind h%o%:ltgaﬁgin hﬁkﬁéaﬁg@; ¢3 - the
reactor is equi pped with plasma-striking neans ; the striking neans
conpri se a WHEFrkRteognfadenfconyaing cele ymi srawevenpomszertiql the

particul arl yend ubgstea, igfbendingrbopabdibg.free end of the injector 30
radi o-. frequency high AC

and connected to a source.of |owfrequency_or
vol tage, and noveWeht He&hS™atFofti A gl‘?‘? %;6 BRTBPYEGhFrerEsEFEAOBF noved
away fromthe visaidtyegiohheff meermmbd tdeosseseendonl ddigriigjerctor., has
the i n a0t ot T2 oofi sl iy, UF6Ss o8 Ry dmn T BRenPoREE Gt or i ng
the plasma SHUHIESE a5t H® ogireulatet kxre npeovddedyasapds sagel
orifices extdidi) 88 SRGH-GkEe Yokl SsALEBN exd 2y 1 hedl88n " tho
parts the cross section of which increases linearly
, toward the first and second ends: |
15 - said region is a region of constant cross section
which extends between said two ends, and the device
further comprises an impedance matcher which converts
the electromagnetic impedance of the plasma injector
system into the characteristic electromagnetic
20 impedance of the waveguide-forming structure;
- the impedance matcher is a hollow cylinder made of
a material that is a good conductor of electricity,
~particularly of copper or brass, arranged coaxially
around the injector, and extending from the second
25 large face of the structure toward said first large
face;
- the mic:_:owaves have a frequency of roughly
2.45 GHz, and the hollow cylinder has a length of
between 25 mm and 40 mm, preferably roughly equal to
30 33 mm and an outside diameter of between 20 and 30 mm,
preferably roughly equal to 25 mm;
- the gap is delimited by the orifice formed in said
large face and the outline of the injector:;
- the device comprises an annular disk mounted on
35 said second large face and having a central orifice
- which has a diameter smaller than the diameter of the
orifice of said second large face, the gap is delimited

by the central orifice, and a spacer piece is placed



O her features and advantages will becone apparent from the foll ow ng

description, given solely by way of exanple and nade with ref ?é]ﬁnc g) t he
Bﬂf%#) a

appended 5 drawings in which: Figure 1 is a schematic profile

first enbodi ment of a gas treatnent d_evé ce according to the invention,

Figure 2 is a view from above of the device of 10 Figure 1; Figure 3 is a

view i n sect PeEWEPpahe opnndardedi el ¢indri gaid Isedomir dsrea 0fat® show

various enbogpaealsathyt BeohntBEt 88gES oEhendeviee rah Egglf_ri%e];; 15 - Figure
stal lation using a _treatnent device according to

14 is a gas treatnent | t m (

the invention; Fi§life®9s £ veTdkdGenfaiaididihetia ga8f 162t 8 power

i n the wavegubdaded, aphntitudardy tbmi-tofeetl oshhpeght; 20 - Figure 16 is a
ans of the device of

curve, Sh 19 hecheveleols GERLLUS! | opClad, RoRulyafEens of the devi ce
curve show ng thethtahgdlpw Istvwictwsfe dessr ueti drasft aatgasnas «f fitsti on of
the incidentends MaGEOWWEERMEBy f QE \@IJIPUSF 985OV 1 4L €S ANg; 23835
dilution of 1% Figure 18 is a schematic prof'lle view oﬁi a seconlg
embodi nent df@ eg&% tHehampmicapaeeraator tioarg iy lardy | afeMafdron®nd
30 - Figure dfansp@rameW td SeLéioRa8 XedeXF OhndFl QWA 8ing  the
10 internal volume of the hollow structure in a roughly
gastight way from the waveguide sections extending -
respectively towérd the micfowave generator and towérdr
the impedance adjusting means;: |
- the device further comprises a treatment reactor
15 mounted on the waveguide-forming hollow structure and
capping the free end of the injector:
- the wall of the treatment reactor is cylindrical
- and equipped with a cooling coil in communication with
a source of cooling fluid; ‘
20 - the device further comprises means of pumping the
atmosphere in the treatment reéctor;
- the pumping means constitute means of adjusting
the roughly laminar flow of the gases at the site of
the plasma;
25 - the reactor is equipped with plasma-striking
means; A |
- the striking means comprise a wirelike rod made of
electrically | conducting material, particularly
tungsten, extending toward the free end of the injector
30 and connected to a source of low-frequency or radio-
frequency high AC voltage, and movement means allowing
it to be brought closer to or moved away from the
vicinity of the free end;
- the free end of the injector. has a cylindrical or
- 35 conical overall exterior shape; and
- the free end of the injector is equipped with a
projecting central element for centering the plasma
with respect to the outlet of the injector, gas paséage

orifices extending on each side of this element.



Figures 1 and 2 schematically depict a device for treating gas with plasm

according to the invention, 35 denoted by the overall nuneri cal%eflgé ce
10, viewed fromthe side and viewed from above, respectively. R ce

10 mainly consists of a wavegui de-fornming _hollow structure 12 of

| ongi tudi nal shape and nmade of 12 April 2005 - 8 an electrically conducting
material suited to the envisioned use, particularly of netal. It
preferably Itahexr riecitangid and radSantageéoNwand Basomepd rine st ry

situated in pl > of. Figure 1. that is to 5 say _parallel to the small
faces of thettg]'t%rucf{%gﬁieo%ﬂlg TRESSEr R TP 1916’%1“%’1@3% éhlds Y& af 16
respectivel y exghicdle arand ntendied, wohb t ocdfeemcannectesl thea Ripgraawhe

gener at ors ( N@t-a48 Riget 8% whal§l.t he other 10 to be connected to appropriate
means for formng an adjustable short circuit, preferably a conducting

plate arranged tFaE&¥&r sl ySard seherabdrnarof ks usiall efoa thatstt he
| npedance caembedafieust & d45gB8t Waet ddient Waes9de - Hhidd tbNehe

structure 12, congtisgs a region 18 of narrowed cross section 7
concentrati ng"VAB A8 dent mi crowaves, which region 18 conprises a central
part 20 of censt aRfigares skst isonviewt endinngabetveaie t WRePAd SidR aFd 24
the crog seg&%&ge. QO of which increases linearly toward the end regi ons 14
and. 16. "Referrrng al'so to Figure 3, the wall of which the structure 12 is
made conprises, afigweecent isl partierd, i26 swotdoaxiof @drft ces 26hand 28

respectivel ygedid-QUgH ridpicd {Eans for causing a gas for treatnment to
circulate through the structure 12 and, in particular, through the

structure in a r G Ghi%h Lhe shoipl veardeust emleodimentsc of etie
‘associ at ed winjedd®r of the device of Figure 1;
5 - Figure 14 is a gas treatment installation using a
treatment device according to the invention;
- Figure 15 is a curve showing the change in
- reflected power in the waveguide as a function of the
injector height;
20 - Figure 16 is a curve showing the level of
destruction of a gas by means of the device of Figure
1, as a function of the pressure in the reactor:;
- Figure 17 is a curve showing the change in level
of destruction of a gas as a function of the inecident
25 microwave power for various gas flow rates and a gas
dilution of 1%;
- Figure 18 is a schematic profile view of a second
embodiment of a gas treatment device according to the
invention; and '
30. - Figure 19 is a view in section on XIX-XIX of

Figure 18.

Figures 1 and 2 schematically depict a device for
treating gas with plasma according to the invention,

35 denoted by the overall numérical reference 10, viewed
from the side and viewed from above, respectively.

The device 10 mainly consists of a waveguide—fonn-ing.
hollow structure 12 of longitudinal shape and made of



30 incident wave is high, and is preferably at its maxi num extend. The

expression "high electric field anplitude" is to be understooﬂ¥%sqgﬁ§?ing
an anplitude of the electric 35 field that is high enough to al4 o
plasma to be struck. As can be seen inghis Figure 3, these nmeans consi st

of a torch 29 supported ? t he e ui de and co r|5|ng an 12 April 2005 -

9 injector 39 c%gg?ﬁg%ﬁa'iyprSQ é%%ﬁﬁ(ﬂ?%ﬁ? witehtedt ¥Q fFRed to

one of the |lemgesiamned 3Gk ,of phlreicstlaudivur ef 12nettull a dkﬁtpfeféﬁ&bt@d 34

whi ch h h te | 5 33B
I ch passesyad rOUQQCEQﬁgaiafr' Cﬁggﬁ% eﬂn{ %ppﬁgg % Plife S<§E

of the structure 12 an rojec f 10 ructure
12. The |nJé%Y@We%UYhﬁstu@ﬁeéréﬁst%é%tpkﬂneaoérﬁsgugecﬂh|thaﬂuerE@rom5

toward i6s fdfp wawh BreB0cd Ndthe asHaP1 26440 Bﬁﬁahessﬁi-ut:hﬁrer hbice 26,
between the injector 30 and the constituent wall or face 33 of the

structure 12 via which the incident waves are passed along the wall of

t he injectorris® tswaudtahe fnege &mb34twa;5 lobelnhe ex@spl any %@i@dir@nt
ure 12 has

depicted in res way e orn1n struc
cogxi al  or |)’Ifen’§j;s ‘12]6 8’ foPlFﬁe %%%f’?g n8?d &5yl ©9t BFcIfayrectqd I | be
under st ood ﬂhhba|m1csowﬂgs|bbeematpmovhﬂztademaghed)nuahdrt@b sattheori fi ces
~arrangeghi n (Al hs Aorglsaaxi 2b oab{gfsgh?ggr | B2 FOLLL3RONH N9

as airs o I ces

nunber of plasma taorches. In th coaxl a
wil | gener afidjustable, fhart e inei b, wayehsrabiy aheopducking, pletspl it the

power equal byreeeeentditsve SBnds ﬁ&lgar@ﬁi;ﬁwrmghwjhgeamgalsool asnas
at the 25 en of . each tgrch n th ther hand, all ow good

|npedance nﬁgéﬁ|ﬁ8eoﬂmP %ﬁﬂqlﬁﬂQB %

15 Between the two ends 14 and. 16, the structure 12
comprises a region 18 of narrowed cross section
co-nc‘entrating the incident microwaves, which region 18
comprises a central part 20 of constant cross section
extending between two parts 22 and 24 the cross section

.20 of which increases linearly toward the end regions 14
and 16.

Referring also to Figure 3, the wall of which the
structure 12 is made comprises, at the central part 20,
25 two coaxial orifices 26 and 28 respectively, through
which means for causing a gas for treatment to
circulate through the structure 12 and, in particular,
t:hro(xgh the structure in a region in which the
‘amplitude of the electric field associated with the
30 incident wave is high, and is preferably at its

maximum, extend.

The e_xpression *high electric field amplitude" is to be
understood as meaning an amplitude of the electric _
35 field that is high enough to allow the plasma to be

struck.

As can be seen in this Figure 3, these means consist of
a torch 29 supported by the waveguide and comprising an



structure using adjusting neans provided el sewhere (for exanple a
conventional nobile short circuit and a conventional three-screw matcher),
with a reflected 30 power preferably | ess than 1% of the inci dénfp P.

Furthernore, the device 10 conprises meaps of adjusting the axial position
of the injector 30 W the structure 12; these being_ in the

th respect fo )
form of a 35R3PEWPHr é”g)d POIFERO i A BNy nBPoberi pRerdte Whifhce of
the proxi mal itegison f3%keaf the dmgecidr chied 1sebkabpsaés Nn@IM tbFa £apPi Ng in

a nut 38 bor ructure 12. It is_thus ssj pl e, t.o,ad] ust :
preci sely 12Q r'rgix]:&g%%ﬁ %&dut%e dgﬁss aalncgrﬁgt \/\%ﬁﬁ t ‘g f"’lhéghenéa%ﬁeﬁf the”
torch and tHerewghespendinmidilce ¢i6 fpade 388 thet pretvitet Ulard®. f30e

| nj ector 530 $9PIESARAN:EpbeERAE d9Ctartd LRFOUGH whli ) Gt 'BgogageLor
treatment circul ates, this duct elng connected to a teed sourc o? gas for
treat ment, vPehfreBuEREShasTR6EUBBeh2depi cted. As an alternative, the
Jinjector 30 has a base 10 consisting of a cylindrical tubular portion

ext ended by nozzl.e frCé| indrical or conical ogverall exterior shape
1

(Figs. 4 to ahd BF§OT18Y. PAfe FnBXRFS oF eChEOTei Ac ARFSDrFFTEECD6
forned in thHehdtargerfaes wbwahlel igs déres eadl Gdedsd oclhteat kmpcizeal ar gap

26A a sygl | g Ldth r-:the 4@ cr ve power to.be. condycted., out of
t he qui gg toljvé?a?t egft:}l\%ﬂ%f o%%eflr%‘%zz €. %%we%?d%ﬁei %npgf:&(e)reg’t)bugeﬁu?o avoi d
‘the risk of Hescanshituepherat bdobetarenddhefi thectserugtuard itheria

wavegui de. 2fithe vhat Bnefigbhe 4aRe0/MAis, phabed UL @g&"‘%‘éﬂlldﬁn and 3

mm The devic¢ce 10 conprises a treatnment reactor 42 nount on the
structure 13B& jetan 3 tutRwh S ifreaend 35 way as to cap the free

.end of the injector 30 of the

15 1In the exemplary embodiment depicted in these figures,
the waveguide-forming structure 12 has two coaxial
orifices 26, 28 for the mounting of a single torch 29.
It will be understood that it is possible to provide a
higher number of such orifices arranged in pairs of

.20 coaxial orifices, for mounting a corresponding number
of plasma torches. In this case, the pairs of coaxial
orifices will generally be arranged in such a way as,
on thelone hand, to split the power equally between the
gaps so as to create roughly identical plasmas at the

25 ends of each torch and, on the other hand, to allow
good impedance matching of the multiple -torches
structure using adjusting means provided elsewhere (for
example a conventional mobile short circuit and a
conventional three-screw matcher), with a reflected

30 power preferably less than 1% of the incident power.

Furthermore, the device 10 comprises means of adjusting
the axial position of the injector 30 with respect to
the structure 12, these being in the form of a
35 screwthread 36 formed in the external peripheral
surface of the proximal region 32 of the injector and
collaborating with a tapping in a nut 38 borne by the
structure 12:. It is thus possible to adjust precisely



torch so that this end opens into the reactor 42. It will be noted that the

reactor 42 is nounted inperviously on the structure 12 and comupLiGahes
with 30 the internal volume of said structure via the circular gap 26A

delimted by the injector 30 and the ori‘&i ce 26. The ends 14, 16 of the
structure are closed gastightly 35 by e tw plates 43 made of dielectric
mat eri al , preher dbikyaofteTdidtordan) | tlamdEwkec enat 34 r afispheerttotah amé@r owave

energy. Thes@hé“@oﬁé’é;ﬁgrrln%%hﬂérégrE&cé%ﬁtgog’g" +her srt?-ﬁlcghgﬁowa\{es’

whereas corrosive or gas that mg presen e Sstructure 12
12 April 2005 - 11 comng fromthe reactor 42 cannot circulate toward the"

envi ronment miet ewgedebhe 3P c& Es8enghati®{t SthaThguil laoof cAgudigact or

42 is cylkindrigcal and equi pped with coqling nmeans, .in the formof a coil
44 conne ted“’I?’o&?a ‘grb%r%%sogg’épﬁmﬁﬁ“ﬁflg EECHG TSy FReEhEGuRRIRE  not

depi cted). Itormtsntditars a [featihscdirdkidf) grRSbEbrdadegitednt) WieicHO0 form
of a wireli | 46, .for exanpl e nade of tungsten, extending
toward the 1@%@%&%&4%6%%eni%?§ﬁ%?&bf the torch and connected to a

| ow frequency or radio-frequency high AC vol tage source (not depicted).

This rod 46 As egyi pgq@e%tagi%yenq{l#e mfﬂ?e&éoénohfﬂe%&é edﬁ agjacy%]ng it
to be wthdrawmn fromthe vicinity of the Tree end 34 once the discharge
has beeh? i FAEFtRDIHe %Cbr%lré%ﬁh%% etubylapePPakienr exzepgesovect t he

20 gases af ternbhgyehayf RAASLMAUIBrt hEoRi 881, oV £T Pigh@erSor N this
Saar e Pr L ged Wik Tegrie, °0 oL PHIB Y e AUTOSPISE ol o201 O
circular orifice 26 formed in the large face of the
- guide is tailored to give the circular gap 26A a small
15 enough width for the microwave power to be conducted
out of the guide toward the tip of the nozzle. The
width is large énough to avoid the risk of arcs being

generated between the injector 30 and the waveguide.

20 The width of the gap 26A is, for example, between 1 mm

and 3 mm.

The device 10 comprises a treatment reactor 42 mounted
on the structure 12 at its central region 20 in such a

25 way as to cap the free end of the injector 30 of the
torch so that this end opens into the reactor 42.

Tt wil]l be noted that the reactor 42 is mounted
imperviously on the structure 12 and communicates with

30 the intermal volume of said structure via the circular
gap 26A delimited by the injector 30 and the orifice
26. '

The ends 14, 16 of the structure are closed gastightly
35 by the two plates 43 made of dielectric material,
preferably of Teflon@, and which are transparent to
microwave energy. These two. plates 43 thus form
*windows" for the microwaves, whereas corrosive or
harmful gas that might be present in the structure 12



25 leaving the torch 29 to be isolated fromthe external environnment and
collected in full for the remainder of the treatment process. 1dRgrl2005
di rensi ons of the chanber of the reactor 42 need to 30 be |arge enough not
to di srupt the conditions of sustalnlngiL g plasma which it is desired be

IC

stabl e and synnetrlc ei t her by paraS| coupling of the mcrowave
energy wth CREIRE £Togy the keamEer 4 8r capnoge gHadatiadre ofowdred cbhdi ti ons

of flow of tbkevgasnheat okheokarahtaa. mkile¢BVEe LReedaFRRsicpns of the
chanmber of. the reactor 42 need to remain small enough to keep the device

as a whol e conpact. 12 April 2005 - 12 For exanple, the reactor 42 consists

of an al um n@he wﬁﬂﬂn@éruﬂﬁnteéﬁﬁbmﬂnﬁnidiaﬂﬂhmﬁﬁmairﬁﬁhdm@@aibpean this
case, the p g er £be useqd nalntal as fl ow
[RERocEbeAT hedBkS th A Bymb i oF, S350 0 Toihdiledane. o

conditions close to nar c i ons a
course, use hay2beonhge of grezppriditeecsioddng fflmial Cdnpastwess 0§t he

entity is notod @¢pidbéd)ve 10 disadvantage. Thus, when use is nade of a
| arge sized reactor, the cooling nmeans may be omtted. 15 Wth reference
to Figures 4 to 13, the free end of the injector 30 of the plasma torch

may have vafIbuals@ohéagnratpmm%na&xxiikiﬁgImemwggrg@glbﬁeahqmp&gﬁplary
enbodi nggt @cﬁmﬁjeéfrébx% matl n?{ W th ‘f];ri ence to yres 1 to 3,
the injector has a coni ca e or Stradpe 19 é/ g%t © 4§ BAdfRave a
cylindrical %ﬁ(té@@‘?t%ap@w@ndjm ctedard Ehgurfr&e 2pdTiB fo€e drd of the
nozzl e has & fjmmieroof thet %?Bh‘lanﬁn%o%rﬁeMd ptgfsr a%w\éf%%quentc% 4 mm

or radio-freguency high AC voltage source (not
depicted). This rod 46 is equipped with movement means

15 (not depicted) allowing it to be withdrawn from the
vicinity of the free end 34 once the discharge has been
ignited.

. A pipe 48 is connected to the reactor 42 to collect the

20 gases after they have passed through  the plasma, which

pipe is, in this example, provided with means 50 of
bumping the atmosphere in the reactor.

As will be understood, the reactor 42 allows the gases
25 leaving the torch 29 to be isolated from the external
environment and collected in full for the remainder of

the treatment process.

The dimensions of the chamber of the reactor 42 need to
30 be large enough not to disrupt the conditions of
sustaining a plasma which it is desired be stable and
symmetric, either by parasitic coupling of the
microwave energy with the walls of the chamber, or by
degradation of the conditions of flow of the gas near
35 the torch 29. However, the dimensions of the chamber of.
the reactor 42 need to remain small enough to keep the

device as a whole compact.



For a higher dianeter, the treatnment yield is deteriorated in that the

pl asma col um does not cover 30 the entire opening. For small % dllzaﬂg er
val ues, the resulting increase in the speed for gas for treat Apri
decreases the residence tine of its species in the plasnma and therefore
the 35 level of destruction. It can be €eén that, for an injector 30 with
a single opdiimgexenplel adihe i sesictork 4D @onsdgiten of 12n Aplidmizied - 13
circunferenc thenef o i Y, ect to the
st ream of ga?ﬂrl%qes% VI Si 5 g@n%‘ﬂgﬁgé sf:'r'llof%q":él g4u8rdémx&g ,%Efj{ t he
free end of the injector has a central tip 52 forcing the pl asma to f|x
itself on thQnaMIﬁsﬂfcém nehel puniling Neehedl 66 fhvid1eiHagenbk8dMed N thi's
case, the fr e end f the.injector has set 10, of gas passage
orifices, ad=5q, gf’stF‘F‘BUF dunPRsr mfiogboﬁtmfihélé’é‘t‘f’tréiloﬁep %24 there
being for eﬂanphaeroAddltlﬁné;Fagulte& &it?® afd thk) pifadresElde. f orm an
injector of the "shower head" type. 15 As an alternative, as depicted in
Figures 12 and 13, the central tip 52 is replaced by a tip 56 form ng the
bri dge nount @§ gourke.fnse swy £ sladdef njwwitorr dimessiosat iénthe
installation th ev. 0 st _bee wil |
now be descrFﬁg‘gh\%}f{lagsre?ﬁen?ggt \S@E:Egl}?é 1? Arslbgan éﬁe gggﬁig’%tgﬁgs

Fi gure 2P tHALSa8VRREA9®- conprises two torches 29 capped by a single
reactor 42, which opens into a gas coll ection pipe 48. As an alternative,
it is obvio pos |b| e to have eact.or for each i ndi vi dual torch.
One of the Pﬁé‘é S enlfd®te U51° the u‘? edstAfgeurg-4ed reactor, the

cooling means may be omitted.

15 With reference to Figures 4 to 13, the free end of the
injector 30 of the plasma torch may have various

configurations.

Specifically_, whereas in the exemplary embodiment
20 described schematically with reference to Figures 1 to
3, the injector has a conical exterior shape, it may
just as easily have a cylindrical exterior shape as

depicted in Figure 5.

25 The free end of the nozzle has a diameter of between 4
and 4.8 mm, preferably equal to 4 mm.

For a higher diameter, the treatment yield is
deteriorated in that the plasma column does not cover

30  the entire opening.

For smaller diameter wvalues, the resulﬁing increase in
t.he' speed for gas for treatment decreases the residence
time of its species in the plasma and therefore the

35 level of destruction.

It can be seen that, for an injector 30 with a single

opening, the plasma is struck in a - . region of



I's equi pped with an end plate formng a nobile short <circuit 5.8 for

adj usting the inpedance and connected to a device. 59 for ad] ﬁs}\ rgg 65ts
position within the structure 12. The opposite end 14 is connectie 9
power generator 6.0 generating the ||1C|1Qer.1t m crowaves via a circul at or

62, of conve an pt i. gnal rotectin ener at or agai nst
t he pover ?F%‘%Pglgeg‘é gnracheg 0§ hf% Fiol Zgggce % S H¥asma i s
ext i ngui shedW1§F1 Wﬁéﬁeﬁhetpnﬁb@aﬁ@e‘ea@nﬂlg@@ I S poor or in the process of

bei ng adjusted- The role of the circulator 62 is to transfer the reflected

power to a d Vi ge é’Ot depi ct edﬁ designed to 5 absorb this power, for
exanpl e a de Fcés FRE w2 nthe @xampd ot %t@%gugﬁﬁe@tll‘eﬂhallleoableers 64

are al soS nséreedchet \mmﬁ@emge&&uh:aws 62 apdti-he de\y c21@.30:iay to tap
off a 10 detgfl@ ngd fra% %n of. th%rfgower gas& n% t hrough the _wavequi de,
tSP1 5RPoAXES QipdHieeneealsy Abans of

so as to det&rmiRe r
f eedi ng thethlevq‘:eletn@ Q\fthhgaga‘sostreaatrrent (these neans not 15 being

depi cted), connected to the torches 29. An exenplary application of the
treatnent device which has just been described will now be described with
ref erence t ol'Fi gat®scaset othg foeet koddd4t odctthen iofjtG2Atas Thesenci dent

m crowayes hewe gadr aouessye Of o2 #i6Hz, Thepnohid e ssi‘o”df%{?%ﬁt%%

nount ed Onth’yé‘{%ﬁ,end 16 of the structure 2 i s set I'mze
i npedance Yhg2BAUE N Hien Fentral ebiBct B péhere | behag been found

that, wth texanwdeegl) de tar ch duiigra£CPl digngah@ thG IWeRiiR aryery | ow
. yal ue for they m an injector of the *shower head" type.

15 As an alternative, as depicted in Figures 12 and 13,
the central tip 52 is replaced by a tip 56 forming the
bridge mounted at the free end 34 of the injector.

A gas treatment installation employing the device which
20 has just been described will now be described with

reference to Figure 14.

As can be seen in this Figure 14, the device 10
comprises two torches 29 capped by a single reactor 42,
‘25 which opens into a gas collection pipe 48.

As an alternative, it is obviously possible to have one

reactor for each individual torch.

30 One of the free ends 16 of the waveguide structure 12
is equipped with an end plate forming a mobile short
circuit 58 for adjusting the impedance and connected to
a device 59 for adjusting its position within the
Structure 12.

35
The opposite end 14 is connected to a power generat:o—r-
60 genérating the incident microwaves via a circulator
62, of conventional type and optional, protecting the
generator _ag_ainst the power reflected by thé torches 29



power reflected to the generator can be obtained after 30 the nobile

circuit 58 has been adjusted. Optionally, a three-screm/inped§$§§gc%% hi ng
(not depicted) nmay be installed on the wavegui de on the m §
side, between the directional _ gquplers 64 and the device 14 so as

arrival

to inprove the 35 adjustnent, Furtherndre, as can be seen in Figure
adj usting t h¥PeReityift B TH0si§i rtenguAashied e@orwizen withe Aepgdenceo
upperfsurfaCQaaEhﬁhg HQEQx&&B SQH$Ht&ﬁ%fp@o&ééasdﬁﬁﬁﬁ&ﬁ% 3@9?fte@5d
very fine a tment _an es it, possible t mnimze the reflecte
power. -In tﬂtlk\is{gpﬁ?li%ul%f’ %n’;ﬁ’é‘?ﬂlﬁsﬁe‘:%i g‘ﬁ% ey b b&EREEHFSS. st
4.1 cm and fefpeefedapbyed. Axne doeipeedswte desidieedhedeebghed €3 is
adj ust ed sUsi g9 oL e AYDLAGILARS, SO € 1o 50, a5eL0; AYOL 1 D
Te © orc &n

devel opmrent of an electr

c aré¢ betweeén e nozz

short
ower
15,
t he
of

and —

d the

wal | of the ¢@2¥g8rco42wakerso as 10 to obtain a plasma that is stable, for
a given mcrowave power range. It will be noted that, if the pressure

i nsi de the
has to be r

eactor 42 is |owered, the power of the incident 15 mcro

UELR¥ dERYRY S5 fderreo 2kqR pinfersrds hretaasst Bhey

waves

stable. Wtlcisfelense 6@ Fugar ahkb, deviean 1P seernd hab thgp PEEssare in
the reaghor d a3t ias ARKILLIDES L 1S, 20 Lovel gt destohctign

C2F6.

15

20

25

30

35

waveguide, so as to determine its value.

The installation is supplemented by means of feeding
the device 10 with gas for treatment (these means not

- being ‘depicted}, connected to the torches 29.

An exemplary application of the treatment device which
has Jjust been described will now be described with
reference to Figures 15 to 17 for the destruction of

CoFg.

The incident microwaves have a frequency of 2.4 GHz.
The mobile short circuit 58 mounted on the free end 16
of the structure 2 is set to optimize the impedance

matching and minimize the reflected power.

It has been found that, with the waveguide torch device
according to the invention, a very low value for the
power reflected to the generator can be obtained after
the mobile short circuit 58 has been adjusted;
Optiqnally, a three-screw impedance matching (not
depicted) may be installed on the waveguide on the
microwave power arrival side, between the directional
couplers 64 and the device 14 so as to improve the

adjustment.

Furthermore, as can be seen in Figure 15, -adjusting the
heightwise position of the injector 30 with respect to
the upper surface of the face 33B constitutes a means

of



Thus, in order to keep the plasma acceptably stable, to avoid the risk of
arcs appearing, and be able to maintain a sufficient |evel of pg rzogg

reach the 25 desired | evel of destruction, work is preferably carried out
at pressures between 800 hPa (600 Torr) and 866 hPa (650 Torr). Figure 17
depicts a curve illustrating the variat}®nmin 30 the level of destruction
of C2F6 as aof unedrdwn Hiné head Nodtdenit M LidWanskgowelt fsEFbeditated to

1% in nitrqgen, ihis bging _agiven,f various nitrogen flow_rates. It can
bo seen t hadtipt 28 P BRRTOrUeBReH W AtD M Ol o Pl ' of
dest ruct i-on esswinle 35 theadmigtit00seiorba betdwsenpdvdt ¢ri280dwet tk)cmBy —

contrast, whgp the JudFoaamflPwrahe is increased to 40.0 liters per

m nute, even using two torches, the |evel of destruction for a conparable
power i s5t hen nmerely of the order of 40% To return to a level of 12 April
2005 - 16 cesd rgebbearel iMidd tthe RRGR|SHH Y4DO i §8jhBEefOWRIind O as

much as 280Q watts. ..t can now understood fromthe foregoing that the 5
operating ¢ t PBRS 8¢ tlﬂ%@%vg@e H%JSWFﬁeg“Wi R &t erté’nc‘%"?b Fitglﬁ es 1to

13 can be adptedcbpneerobt afn am ékwetrde dasirbetweanoftHe?Fooegkbee dfio 100%
by altering ith t ng.,th or pbe ' Ve p Thes results
CHO G 98! SaBN LG EPP 0pPORyE SIS NPIeLng ThES S,

are not affecte y the generation o 0 origlina rom
br eakdolth oftot heatidat et gawensmd n thatit ide plabhe.i sfprodacedivient he

reactor 42 pdeweshieaPdied Ranger.ch 29 rather than in the pipe feeding the
device with gas for treatnent. 15 The solid residues are therefore unable

to block this pipe or alter its internal geonetry. They may al so be
easily recoverediipd tihat rdirge pha#yct $fofthe pressure inside the

reactor 42 1is 1lowered, the power of the incident
15 microwaves has to be reduced accordingly in order to

keep the plasma acceptably stable.

With reference to Figure 16, it can be seen that the
pressure in the reactor 42 also has an influence on the

20 level of destruction of CyFg.

Thus, in order to keep the plasma acceptably stable, to
" avoid the risk of arcs appearing, and be able to
maintain a sufficient level of power to reach the
- 25 desired level of destruction, work is preferably
carried out at pressures between 800 hPa (600 Torr} and

866 hPa (650 Torr).

Figure 17 depicts a curve illustrating the variation in
30 the level of destruction of CaFs as a -function of the
incident microwave power, for CyFg diluted to 1% in
nitrogen, this being given for wvarious nitrogen flow
rates. It can be seen that, at a low flow rate
(5.0 liters per minute} the lewvel of destruction easily
35 reaches 100% for a modest power (1200 watts). By
‘ contrast, when the nitrogen flow rate is increased to
40.0 liters per minute, even using two torches, the
level of destruction for a comparable power is then
merely of the order of 40%. To return to a level of



-

deconposition accunul ate in the bottom of the reactor 42. 20 Furthernore,

this performance is obtained by neans of a gas treatnent devi gesgqceh4li ng
to the invention which is of a sinple and therefore inexpensive structure

i.n that the nmeans provided for applyin éh_e electric field 25 associ ated
with the incident electronagnetic wave are greatly sinplified by conparison
with those widartiHThion @ a0t or éhed sameagsmal | o egaippedhenisiowerat t he
sane tinme rerm RiNguibigly Bfdeqidiee . 30 Figures 18 and 19 depict a second
enbodi mrent of a device according to the invention. In that which
follows., only the differences by conparison with the first enbodi nent
wi |l be descritbechn Thewellemrenhderstabtiarfrdn t BREE ffrdgea g ' Sha€enieadi ment
bear identic . er s S vigce 10.conprises a holl.ow structure
12 bor ner%y -@’g’eé%%ﬁ%ﬁ pi at e%}gL@Thé:’dﬁoltﬁB%v. Q?Ygg?ur‘geﬁﬁglgeiieg?"bﬁklz
April 2005 - refergpcehdcigenrssctli dro df3 warchbé sadaiptedcab abtass hat s
entire | engt hebetwesn déder Sq ¢4 6. .The.suppar, l,at e has a
A o8 e eos 198" S 0o B orfBsF Moot ur e

t appi ng 82 cgﬁxigg with the 5 two orifices t oW
12. A doubl e"PPndI@UpFity a8di tdessalbpzorkednwad crewevehippwamppThgs82 and

extends fronrebeloppesid enstdaf@eddits Blatte/ IgbRel-BE: BRI I3V §51#§§ur ed12.
e under

This co I ng..10. ! 4 is_kno r. se and nmarketed for exa

t he naneli%lof g’é%/éb%%%%ﬁgr %r?mTﬁF‘? %ﬁgf‘ﬁﬁ@“‘dé\ﬁ IR ARSHRIG FRSQE bake body
86 roughly ¥#akhetblrapelsfsma hal$ owpepkueder . kb ThRebaseakedy 8&ihas an
external SCrEWMA¥EALamS Of Athe torch 29 rather than in the pipe

feeding the device with gas for treatment.

15 The solid residues are therefore unable to block this
pipe or alter its intermal -g-eometry. They may also be
easily recovered in that these products of
decomposition accumulate in the bottom of the reactor
42.

20
Furthermore, this performance is obtained by means of a
gas treatment device according to the invention which
is of a simple and therefore inexpensive structure in
that the means provided for applying the electric field

25 associated with the incident electromagnetic wave are
greatly simplified by comparison with those with which
plasma torches are generally equipped, while at the
same time remaining highly effective.

30 Figures 18 and 19 depict a second embodiment of a
device according to the invention. In that which
follows, only the differences by comparison with the
first embodiment will < be described. The elements
. similar to those of the first embodiment bear identical

35 references.

This device 10 comprises a hollow structure 12 borne by

a support plate 79. The hollow structure has a region



which it is fixed into the tapping 82. The base body 86 has, on the

opposite side to the support plate 79, an external screwt hreagzglg)r- %Bgs an
interior conical surface 20 92 which narrows toward the support. Ql 0 35

The device 84 further conprises two ri nas 94, 96 of frustoconical shape
arranged coaxially with respect to each7other and with respect to the base

body 86. The 80f ritisd oepos s alsesitiloat & Of whieh f i kSti ddds O i§c%'§§5§@s

agai nst the frustocqnic ur.f ace of the bas ody. 86. A cl anping nut

98 is scr evve((fgn%r%tr(‘)a ?heé‘%l& rer%:éf‘leensg%'&mtﬁ"toe%‘d%o%dqé'anps the first ring

94 between the second ring 96 and the base body 86. The injector 30 -
conprises a gyl RFA: R xtend Lough, 4 h {.98, . the ring
94, 96 and the bagé)(tc%]odgﬁg%—féT e fl?%léegt gﬁhg(}?'%s%f% x‘g%é]’g]xﬁlgl‘ﬁ/&gytflr&gdi'al

cl anpi ng df tWe Prificernd694 28g&ifnsheahodypingtirvaiturer t12f the inj ector

30. 12 April 2005 - 18 Continuous adjustment of the height of the injector

30 with res ega%&the. face 33B.of the hollow structure 12 is thus
possi bl e. 5 $h&8¥R/ACRF  GPEREI NG oAFVisss & +Fpegasved ot t BRis 100

fi-xed on t?etappén.gomxuaﬁace:ﬁfeﬂdse ﬂitﬁgsthé fc&fi_ﬁ)s_ﬁ:f@'ﬁidﬁhﬁﬁ”'%ﬂlﬁg
structure ifgpedance, conyert er is essentially.a hollo

cylinder, 10 %%?gngﬁ%) %%ax?gfel ;h%;%%‘ﬁd s[q:rfé“cistd‘}rcﬁw gé Tjﬁg‘lgnoc?)‘f? S hol | ow
cyl i nde0102daviaeerftd t dst henowppesitt estacn@3Bardwyrcdsefon féxansidase 104
in the formgbeAncROnine JEsksifgdhbchpa central orifice 105

This coupling device 84 comprises a base body 86
roughly in the shape of a hollow cylinder.

15
The base body 86 has an external screwthread 88 via
which it is fixed into the tapping 82. The base body 86
has, on the opposite side to the support plate 79, an
external screwthread 90 and an interior corical surface

20 92 which narrows toward the support.

The device 84 further comprises two rings 94, 96 of

frustoconical shape arranged coaxially with respect to

each other and with respect to the base body 86. The

25 frustoconical surface of the first ring 94 is pressed

~ against the frustoconical surface 92 of the base body
o 86. '

A clamping nut 98 is screwed onto the external
30 screwthread 90 and clamps the first ring 94 between the
second ring 96 and the base body 86.

The injector 30 comprises a cylindrical part and
. extends through the nut 98, the two rings 94, 96 and
35 the base body 86. The injector 30 is fixed axially by
radial clamping of the first ring 94 against a

cylindrical part of the injector 30'.



15 is made for the passage of the injector 30. Three fixing holes 106 (one
of which is visible) are formed in the base 104 and di stri but pglA?mlszQSMy
about the axis of the cylinder. The inpedance converter 100 is xed to

the holl ow structure 12 by three screws 1 20 25 It is to be noted that
as a dianeter slightly smaller

the central oré Aglen 1005 of .the, ]6,
than the dianeter of lf%ea%?'i‘?F'@@n%o f e heyaht £, thRud s oW 0
orifices 26, TMShrzestenduptedcheofnaa 38Best GABIABHNGWSANIRQIY. and t he
conveyi ng of tHie tH{L EQﬂﬁ%QDQQMBr to the end 34 of the injector 3. 0 i's, at
the site of the orificCes 105, nore or less determined by the gap 105A~
present between the orifice 30 105 and the |nJ ector 30. The edge of the

central obifime Jdeﬁﬁdé pH Egvesed. O%Z#J&lé% Y fﬁgﬁdggéég‘:ﬁgﬁlgﬁg so as

to reduce the I s# cﬁI‘CS bei ng gene tween
i nj ector Higeln ErFGFtﬁérfé@#pﬁﬂ%e@h@.oppoahae dxical rim

112 on |ts sur3f3§ceff ahengoqu é¢trhetepeogbte face 33B of the hol | ow

structure 12. The rim 112 has roughly the. sanme dianeter as the fixing
base 104. This rim 112 fornms a spacer spacing the fixing base 104 away
from 12. Apri | Theo5impeidanade aoppoxittea f 200 338 @&%éﬂﬂﬁaﬂﬂﬁﬂé@'hBﬂl&t}e

enorgy | o Conciraader 5va $hraRgBd oRRIATLL EEURa, FpSh tefshade -power L0

energy is concerned. 5 € pas
the site of the discharge is determ ned nmainly by the inpedance converter

100. The di memisé oRadofof NehiiRPERGNESy CRPIERLRY M §2CNPEN SR to the
opposite face 33B comprises a fixing base 104 in the
form of an annular disk in which a central orifice 105

15 is made for the passage of the injector 30. Three
fixing holes 106 (one of which is visible) are formed
in the base 104 and distributed uniformly about the
axis of the cylinder. The impedance converter 100 is
fixed to the hollow structure 12 by three screws 108.

20
It is to be noted that the central orifice 105 of the
base 104 has a diameter slightly smaller than the
diameter of the orifice 26 of the structure.

25 Thus, the two orifices 26, 105 are decoupled from an
electromagnetic standpoint and the conveying of the
microwave power to the end 34 of the injector 30 is, at
the site of the orifices 26, 105, more or less
determined by the gap 105A present between the orifice

30 105 and the injector 30. The edge of the central
orifice 105 is of rounded, pérticularlj semi-toric,
.shape, so as to reduce the risk of arcs being genérated

between the edge and the injector 30.

_35 The'fixing'base 104 further comprises a circular axial
rim 112 on its surface facing toward the opposite face
33B of the hollow strucpure 12. The rim 112 has roughly
the same diameter as the fixing base 104. This rim 112
forms a spacer spacing the fixing base 104 away from



10 that the el ectromagnetic inpedance of the injector 30 is roughly the

same as the characteristic electromagnetic inpedance of the hblagi 2005

structure 12. The inpedance converter is made, for exanple, of copper

or brass but may be nmade of any material that is a good 20 conductor of

electricity. For a m crowave frequency &P -2.45 GHz, the preferred

di mensi ons oftheheppomidet dacar 83Rmsuid| tlaws : dédeupBhgd hthe bebeeencd0 and

40 mmand is r.abl 3. t tside dianeter.,is _between 20 mm
O!%%fr%e?' erléqbqu#gg}nm%\@l %r A1 4 S(éruc‘:ﬁlrt%e{%le\?isceéaaléCSFdi ng to

and30mﬂan§|s pre he"way i N WhiC

the second ERSEGWAERt SREEHY iL§ sPAckaneds the working of the device — —
according to the first enbodi ment. The second enbodi nent of the device

according to_the. .invention is of a particularly sinple structure and has
a | ow cost of IndhdfalPire P BR5%999005 MRRODVSTOWSVE Hpwel Arqsthe

PCT/ FROL/ 03293t#. &f dentiece dieicharens | 1 gaetwhritinpbiasmBinipar bi,cukpsl y

sust ai ned by.m e of the e 5 conprising a hollow structure (12)
formng a vva#e[&ﬁ%:a%}é@gi%?%‘ﬁ e efoi%g‘connect ed to a mcrowave generator (60)

and neans (29) for causing the gas for treatnment to <circulate through said

structure i npger 894 ; Leh 1 h Lt.ud electri,cal field
associ ated w 1’??1 ?%hﬁsei%%gn%h%\a\%gﬁ gggh%gh%g%&e%:&gfr erapi yc}%ﬁs%n n&Xi mum
char act & zethdh the: alisctreonrgrasicalmpadanne gds the dndegitete 3Onpri se

at | east oneipl aseBugBlgh (2He f OrsaREOdUGNY, gheits BALlce B HlASMR IN

the gas for reat nent, t.he torch conprising _an injector (30) nmade
9 efecetromagrietlc 1mpe<§1ancerrpof t:herg hollov]v structgurt)a 12.

The impedance converter is made, for example, of copper
15 or brass but may be made of any material that is a good

conductor of electricity. For a microwave frequency of

2.45 GHz,V the preferred dimensions of the converter are

as follows: the length is between 30 and 40 mm and is

prefe:_cably 33 mm, and the outside diameter is between '
20 206 mm and 30 mm and is preferably 25 mm.

The way in which the device according to the second
embodiment works is similar to the working of the
device according to the first embodiment.
25
. The second embodiment of the device according to the
invention is of a particularly simple structure and has

a low cost of manufacture.



15 of electrically conducting material nmounted on a first [|arge face (33A)
of the waveguide-form ng structure (12) and projecting througlﬂzgpﬁ@robgi ce
(26) nmade in a second large face (33B) opposite said first |arge face, a
gap (26A; 105A) for the passage of the incident waves 20 extendi ng around
the injector WO3ER/3257%he device as cralfed in claim 1?%'@33&1!’9@?%& in
that it conprises neans (36, 38; 84) P:fL. djusting the axial position of
the injector (30) with respect to the- vegui de-form ng structure (12).
30 3. The device as clainmed in claim2, characterized in that the

adj usting negns ape dgsl d i e f f wt hr (3 med on-
t he external rials'urf_g‘ce g%krtgﬁg i%j?g;tor%%go%naid (S:%fabg‘?g?l?ng g’nztta%&é'tappi ng
(38) borne Bprtheuvhavéyui gusteinedy v uarigrowaves, 4. offhetlevi &¥pe

as. cl ai mgl | BofbeiBidg GNMAQRS | Z@FubPurd Nzl hedriieel U L30kgha&ea
roughly cylindri cgl outer 35 part, in that the adjusting neans arg ?e5| gned
in the forntBFeR9G8ubPe rfﬁ:PrH%ﬁfﬁ?‘?qmgtﬁeé‘i T CEQNRVE P RFA LG P11 st

large face (884) mafartshe(39] udloir ecbldingt hthe daubl efdd ngreeupldmy devi ce

having the ipiector, (3 12 ril. 2005 - 21 passing_thrtough it ,, and in
Chat 2ai d cyPrRERPRes “ohr bl dasd P rhcPinrhiny Dorsdiatd bulPFRS dovi ce
(84). 5. Thetheviowlitudeaiofedthe adpans wfl cfiehd assocdatesl with

char act i zeghé N hARGeh BewhbYCdY Ferdipr @%Pﬁké?&bﬂ-r det W endlednfas a

first end (14) intended to_be _connected to the m crowave generator’ (60),
an opposi t e CRIEIFFERLT 15 FhREndd® Measts okRn ppeds e hthepstificee
adj usti ng" meanscy bde f GofpHls@ aROrleLdt Cohb, ARGmRA 1breli Q29018080) in
whi ch the neans.for causi ng.EQe a8, to circylate and fo conveylgc?rthe

:m'-v,crovvave p%cht{%lng, at i et, a plasma 1n the gas
' treatment, the torch comprising an injector (30) made

15 of electrically conducting material mounted on a first
large face (33A) of the waveguide-forming structure
(12) and projecting through an orifice (26) made in a
second. large face (33B) opposite said first large face,
a gap {(26A; 105A) for the passage of the incident waves
20 extending around the injector (30).

2. The device as claimed in claim 1, characterized in
that it comprises means (36, 38; 84) of adjusting the
axial position of the injector (30) with respect to the

25 waveguide-forming structure (12).

3. The device as claimed in claim 2, characterized in
that the adjusting means are designed in- the form of a
screwthread (36) formed on the external surface of the

30 injector (30) and collaborating with a tapping (38)
borne by the waveguide-forming structure (312).

4. The device as claimed in claim 2, characterized in
that the injector (30) has a roughly c¢ylindrical outer
35 part, in that the adjusting means are designed in the
form of a double ring coupling device (84) fixed to
said first large face (33A) of the structure (12), the
double ring coupling device having the injector (30)



the end of the injector (30) are provided. 6. The device as clained in
claimb, characterized in 15 that said region is a region (18), gfnghs oved
cross section. 7. The device as clainmed in claim6, characterized in that
said region (18) of narrowed cross secti 20 conprises a part (20) of
constant cross section in which the_neans (29) for causing the gas to
circulate ar@F7RF dEBrougly ikt BRd sind thegi ovpid aulivdedceiogmrisect i on

ext ends bet welen tighipatdd fatfialZd) s 058 S8sTinn v chgincr eases
linearly toward the first 25 and second ends (14, r%g). % Thgsdgvi ce as

claimed in claim5, characterized in that said region is a region (80) of-

constant crods sd&dte slewikie e xtlenidsed el nesny Sond dM0ceagas(14+016), 30
and-in that the JeMLE fdi t I sgs_an_inpedance mat.che'rl,’é))]?l 0) which
converts the el ectrorragznetig'q{i mpedancé of Yﬁgggﬁlé‘g?mf?ﬁﬁr%ﬂgor ‘ 3P)é'm into

the charact &FHGRITS el bmitiet Bc Fhpetamed of( 1the imoemdedde:d obei ng
structure (12bnnetdd B ORI GEcASwELAI :ar%ﬁéfat%&ah(@o%g( %&g; 8%@@1%%‘1 In
er

' e o a

t hat the inpedancg mat h&@H(lpo Is a hollow cylin [ )
material that <8, &%jtci dutRoPnded Eredrer iequippeshrvi el ampgdefnceopper
or brass, aradigetiibg Apsans 2068)- L3rmeAgXiaal E¥oskount-diber i Njeri oy (30),
and ext I n : t. e ond | agr face (33B) of the structure (12)

t owar d ?'art?d ?F%%tg{pl e{rllgaé ?g’ el(nsé"%)iqze% S FREV§edPle SRS ndde | 9281 ai m 9,
char act eri zetioi Firchdetehand cfonavenviepinga theguescywater oy td. 45

Giz, and in ehatehdeoRothow sybioger (4492 bag,8y:5gR0th of betueen 25 mm
and 40 nm preferably roughly
6. The device as claimed in claim 5, characterized in
15 that said region is a region (18) of narrowed cross

section.

7. The device as claimed in claim 6, characterized in

that said region (18) of narrowed cross section
20 comprises a part (20) of constant cross section in

which the means (29) for causing the gas to circulate

are provided, and in that said region of narrowed cross

section extends between two parts (22, 24) the cross

section of which increases linearly toward the first
25 and second ends (14, 16).

8. ~ The device as claimed in claim 5, characterized in
that said region is a region (80) of constant cross
section which extends between said two ends (14, 16),

30 and in that the device further comprises an impedance
matcher (100} which converts the electromagnetic
impedance of the plasma injector system into the
characteristic electromagnetic impedance of the
waveguide-forming structure (12).

35
9. The device as claimed in claim 8, characterized in
that the impedance matcher (100) is a hollow cylinder
(102) made of a material that is a good conductor of
‘electricity, particularly of copper or brass, arranged



equal to 33 nm and an outside dianmeter of between 20 10 and 30 mm
preferably roughly equal to 25 nm 11. The device as cl ai ned i[}zgﬂylzggg of
the preceding clains, characterized in that the. gap (26A) is delimted
by the orifice (26) fornmed in said |arge face 15 (33B) and the outline of
the injector. 12. The device as clai ned?gn~-any one of claims 1 to 10,
char act eri zeddaxitahaty idr@onprisesiafeanonl 30, skand 184 endimgedrom sai d

second | arge ce B), a 20 havi ng ntr Lifi 5)_ _whi has a
di anet er srrath%er Slg?%éﬁbt hgg’d?%ma %‘%gof ord ig%le( 2%’)%%%%1&% (ggéond

| arge face (3%8Bprd satatfimsd dayoeldsar i(S32delinited by the central -
orifice (105), and in that a spacer piece (112) is placed between the
annul ar disk_25 (104) and said second | arge fapee§I338 spaced, away .from
the edge df tRe c@REr AV G A PEISLD i3t Fheimebi cehasaerar+e8di alcl ai m

éll or 12, clgagact am‘z%idu%%%imeé h?l@d@e a{j tﬂl&ecﬁie:!ﬂdlfe <f£6;ré95h1§o
elimting the,ga : s, of .royn : acrtigqul ar em-toric,
shape. 14. T e4ge§f1%e i Ija?nﬁhaf:ntgﬁy Noid Eyi?ﬁée’f t(&%zisﬁ%as a
charact eri zellenpthhaif thetgaen( 26ArmlGoA} 46 B, bgineefrablyn aodgBlym wi de.
15. The devi [ ILn_claimb5 of. | ai e on
claimb5, chargggggricézcgdg?ﬁhgﬁfh%ﬂ Rgpfggvgstélu%ﬁ%rc(ﬁgﬁ%g%%ﬁ ?éast at
one of it% epud 39 mpyi predesably3ropghlylepuaingopsf mmably at each of

t hese ends, a w ndow (43) nade of dielectric material, particularly of
Teflon(r), transparent tQ m crowave ener.q_g and isolating the internal

vol une of thtlhol TB® SeVaEEuRS SIEied Hih FRYigRPRF §istilEhtPiREPYI%% t he
wavegui de se€Taimas e&halitdidt@rﬁ&&ﬂectjin/el yhhevwardhd hega@pcr qeang is

delimited by the orifice (26) formed in said large face
i5 (33B) and the ocutline of the injector.

12. The device as claimed in any one of claims 1 to
10, charécterized in that it comprises an annular disk
{104) mounted on said second large face (33B}) and

20 having a central orifice (105) which has a diameter
smaller than the diameter of the orifice (26) of said
second large face (33B), in that the gap (105A7) is
delimited by the central orifice (105), and in that a
spacer piece (112) is placed between the annular disk

25 (104) and said second large face (33B) spaced away from
the edge of the central orifice (105) .

13. The device as claimed in <c¢laim 11 or 12,
characterized in that the edge of the orifice (26; 105)
30 delimiting the gap (26L; 1052) is of rounded,

particularly semi-toric, shape.

14. The device as claimed in any one of claims 1 to
13, characterized in that the gap {(26A; 105A) is

35_ between 1 mm and 3 mm wide.

15. The device as claimed in claim 5 or one of the
claims dependent on claim 5, characterized in that the
hollow structure (12) has, at least at one of its ends



generator (60) and toward the inpedance adjusting means (58). 10 16. The
device as claimed in any one of claims 1 to 15, characterized nafhalost

further conprises a treatnent reactor (42) nmounted on the

wavegui de-form ng hollow structure (12) and capping the free end of the
injector (30). 17. The device as clained3in claim 16, characterized in

that the wal lg10f ti‘@)”%ﬂlﬁ'ﬁré@%@"y (42) &8chCYhi NdHGR] @ﬁ@sequhpped
with a coolin Ollé%%ﬁ% mctlonvvlthasorceof cooling fluid.
18. The devi ¥ing Ao el ShECEFE| APHOTIE L - B HE T CORRF B¢t er | zed
in that it fofthgeflem®) sesranepasendl) tof puipirogatbe &tnmsg@her&ndn t he—
treat nent 42) 9,._rTI vice as cl | a

[$3618E368%enel Oyl deviee s clal IR WO Mdfhorure  pa

characterize PUAPI NG~ nMeans cons e “means
roughly I%am hd2)f | bw (fi tﬂmlgjsl&es gastiilghtsi wayof £rohe phasmeavegupde The

device. as cl gabggdoh8 a@%téﬁﬁiﬁﬁ-‘?é%ﬁ@%ﬁk@éﬂ} %%wa&%ﬁrEﬁéeﬁh§égoWQvéhat the

reactor (42) i1s equipped pl asma-stri king neans (46). 35 21. The

devi ce as cl 9FRBERFAT cl(ﬁpl’h 29d Eryraek éh@zé@PQQWt%taq}}b‘“‘slﬂg KReRAFreans
conprise a Wsgjike rod (46) nmade of electrically conducting materi al,
particularly tungsten, extending toward the free end (34) of the inj ector
(30) and connected to a source of low 12 April 2005 - 24 frequency or

radi o-f iéquebey Hilgh AEwicet aye, caadimedo\ienemty meaes ef | eladgsi L two be

bR SLOSES, Sl BUERL Y LAOTALE UL, Mo Ve (21): S
treatment reactor (42) mounted on the waveguide-forming
- hollow structure (12) and capping the free end of the
injector (30}. '
15
17. The device as claimed in claim 16, characterized
in that the wall of the treatment reactor (42) is
cylindrical and equipped with a cooling coil (44) in
communication with a source of cooling fluid_
20
- 18. The device as claimed in either one of claims 16
and 17, characterized in that it further comprises
means (50) of pumping the atmosphere in the treatment
reactor (42).
25 _
19. The device as c¢laimed in claim 18, characterized
in that the pumping means constitute means of adjusting
the roughly laminar flow of the gases at the site of
the plasma.
- 30
20. The device as claimed in any one of claims 17 to
18, characterized in that the reactor {42) is eqguipped

with plasma-striking means (46).

35 21. The device as claimed in elaim 20, characterized
in that the Striking means comprise a wirelike rod (46)
made of electrically conductihg material, particularly
tungsten,. extending toward the free end (34) of the
injector (30) and connected to a source of low-



21, characterized in that the free end (34) of the _
or conical overall exterior shape. 10 23. The devg?gpﬂémm

cylindri cal

claimed in claim?22, characterized in that the free end (34)

i.njector (30) is equipped with a proLegE
centering the plasma with respect to th

outlet of the injector (30),

passage orif ifeesuengy eprendiafjcorfretfaamh diidsh of A€hi yodtagent . and

10

15

movement means allowing it to be brought closer to or

moved away from the vicinity of the free end (34).

22. The device as claimed in any one of claims 1 to
21, characterized in that the free end (34) of the
injector (30) has a cylindrical or conical overall

exterior shape.

23. The device as claimed in claim 22, characterized
in that the free end (34) of the injector (30) is
equipped with a projecting central element (52; 56) for
centering the plasma with respect to the outlet of the
injector (30), gas passage orifices {54) extending on

each side of this element.

I njector (30) has a

ing central element (52; 56) for

gas



