; e3eFVWRRSULhUTVEVTFWe(q8 Device for treating gas with plasma The present
invention relates to a device lmm gas with plasma, in which nethod
the gas for treatnent 5 is excﬂm‘mlmwm“ L)I asma. Devices for treating gas
‘W th pl asmawopaRl/izeshar | y sust ai negsby. m crowaves of gdw/rRoapy@3geseral |y
conprise a wavegui de-form ng hollow structure intended to be 10 connected

to a mcro n t r..C i the gas for treatnent to
circulate t e%-l%%%%%e%%q 3 WlerC SN which the anplitude of the
electric field associated with the incident wave is high, and is preferably

at a maxi Myl 3, e | N e L85E828 ! HEHdBMe L £SANE QULE: £ONST STS
in creating, by neans of an electrical discharge in a predom nantl

pl asma- genel9&S iy GaP ¥aEHon, 1 i vhogRnMekRPHt GRS Efont OBt E’:’?aE‘B‘ﬁrﬂéi ning 20

inpuritiss Qs @3%aeks ehf ltwentlaagn@l.asma within which the initial nolecules
are excited, ionized and split up into smaller fragnents, atons and

radi cal s. These smaller fragnments then reconbi ne and react with each other
and/ or w t h Detwdiddsar fogasesetaiyigel gaaevwv$phci pagbawhi parcaoubartenoved

fromthe gas b QnyV- S c r r
exanpl e. ThéY ecude% o?‘ﬂlacjh q’%%sgr oftsm gas )ngr % &fﬁiﬁg 86*1891;'8
decont am nataé ngavegohdehéosnihet bblitre isivted e onntrﬁmﬁ@@ge(doan]@lel n their
fundareqgal et 0T fd”tahermﬁﬂrcswé@élsgé}%fﬁoyarams Reyhgesgihat all ow

t he creatlon excited plasnmas, reference can be nade in greater, detall to
t he wor k entqatqsédlg' N2 mé%&%wm%ﬁ%"cwmaw Shrougly gaid
Pel l etier, Htsedttire 19:92a 3pefoshimant WMo éh S thR0, S¥gl desgei bgs endevi ce

for treatin Wlth ma_ whi ch al he_gas to be excited b

sust ai ni ng %}%‘: ngi‘at TR R #a?’”déﬁjbytﬁ%arfgmolff% el8¢Eritsfiel d
associ at ed Wmitgh,i ramdjarst PREPlAGENENE tSIHERB({RUE 26) * G-Z* - 2

el ectropagnetic waves. These waves are excited by an applier of a field,

formed By the hollow structure form ng a wavegui de, and which is itself fed
wi th nicrowdhe paseine¢iphe a ©énvemesmal ngegcmewetm%ntso et h@gedy t he

hol I ow strucidis.stdhend hecplasi®Bgi s syst aleBed by sy f agecelpplgspmagnetic
wave, the field appliers used are of . surfatron gui de or surfaguide type. 10

The means uéielrfcfb@rrgt%us‘l”ng & heP¥RROP R I a?%a%‘%sg%?e@t%f“% ub®2¥mde of
dielectric neireyoral , ditrdderh t herghtsehar geenén created) 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 creation
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
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15 O her exanples of such gas treatnent systens are described in docunents
DE- A-44 28 418 and US- A5, 300, 202. These systens are used at | ow pressure.
Docunent EP-A-0 295 083 describes a device for treating gas with plasm
-conprising a resonant cavity operating 20-at atnospheric pressure. These
gas treatnent, devi ces q:lthou h_adv ageous Ln terims of ggv sion vyield,
energy effi CI Pt&f e ngn sﬂf’?v??yat v%ﬁzé F %B'erafll ng
condi ti ons, aZ@Jd@efnaoé aarmf]mldil sddvraedagbyi rthmafnotlliew aserpoonkygor

i 11-suited t r eat as o] | d

appr eci abl e%r%{t}%tgt % ggolg BRdgene‘t?ut:}]t I?/N}?%ﬁ?he orm o wlga ‘%éB This is
because sucﬁ\lmtoeqavaﬂ sp@mrcl 6gomheat (fsErven biksing tW@vgaylfi@r, t péaoment
circul atgs anldy WY &hd M 1dise adR dusLreated or, at the very least, can
alter its initially optimzed internal geonetry, disrupt heat exchange and
i npede the cooling of the tube, or 35 alternatively may have an adverse
effect on timmeili eI efHg i C ;plrmﬁti eiss of $ldSaind® anghy di syupt stheace
propagation of sur f - 3 -To,alleviate this disadvantage it
P posal bl o TP caF Tt Shsyi EASH AR e BAST] SXEontEr Fed
into pl asm snatfatrom corifdened tsubnflagruisisadedeut in a reI atively open

vol une, ;gpatially separated fromthe 5 waveguide. In this case, one of the
possi bl e arrangenents is that of a plasma torch supgorted and fed by the
wavegui de. ikt negiperrsed fdratcaus it hteganotosoiferlany opnshet10

af orement i ongd di sagyanhages rengiaiedebyct haatient i ainf qieed oppef solid
deposits, in that the plasma is_not fornmed in the gas feed pipe of the
torch but déirsthaegs JfS 9Feat8t-er, at the end of the torch nozzle. 15 To
produce such a gas treatnment device, the free end of the torch, where the

I t h f ti t |
Coi T oct -ne UjAGR SRt battent o Rl cbhet B Lo PREETUR L RESSol i d

deposits gersatmidds) t he tréatwpents ThDEyefseld ZB t4lls cehkecté8-are t hen
direct ed tovﬁarﬁtﬁrﬁ@“%e@%ﬂ sgIPSMscaé‘réh Qe uzed;ag t?f%?@ﬁ?e or

alternatlvelﬁ%un ergo a post treatnment, or alternativel

di schar ged iRaomant AFdsphad® 08 Alegrribesapieviee sten 'érﬁﬁéiﬁ%ve

pl asma torchydss witen aylasma nb@ﬁbk%lh%r &h Keohan tSUedy Bt ObpBrh8idgscri bed
for exagple I1n the article "An atnospheric pressure wavegui de-fed m crowave

pl asma €8r ci?t @ S BFESEYTE Technol . 3 (1994) p. 584 to 592) or in
the 30 addition certi fi cate appl ication FR-A-2 533 397. The AIT torch was
applied to tlkh §5gctt| §F6 é\p echGalgﬁ}’%%&fi 4vant Jecture is
relatively soplst ¢at ed s Construct fon s tait i‘Cated and

expensi ve. |erawdi of oﬁonivernssoaS yimkd nseéraryy @lffff-uce@npmo ayphl 1owe gas

circuit wel lopaanft ity SserBPIeSety o VR4Yi ST OYSeFh 6 a0y aRbAGEL YBRY, treating
gases cont alér{X]Dankg‘?l npurities or, effluent whose conver5| on yi el ds danger ous

gases (for ¥e cBr MEdiFe Hatasheanhade chipbhnds)thear aa‘fef ePﬂ%*'FWely - 4
gases w th hi:ghi Brlded tved ueo (khgptesatmenenpt I@an;alﬂne bheak&mgh hoof t he
AT nozzlef ed wtelon% and this My pose r obl ens i
recondensatl gf ?ﬁ%ké? a@grec1a 'le” amounts solids, “generally

in the form of powder.

30 This 1s 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 initially optimized internal 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.



5 The object of the invention is to alleviate these di sadvantages. The
subj ect of the invention is therefore a device for 10 treating gas with

pl asma, of the aforenentioned type, characterized in that the neans for
.causing the gas to circulate conprise & Jeast one plasnma torch for

produci ng, at i outlet, .a plasma.in the gas for trea nt, the torch
conpri si ng gﬁ iah]i(?é’ll(?rterra %f Jl?%‘f%‘?:ﬁ?%aﬁyléoﬁﬂ’ﬁéﬁtbﬁg &t t5%12 nount ed
on a first basgerkeateent tdesiwevdguiwha-dortiiengssd rietarmerandedriopest i ng

t hrough an i.fice e tLp a.se . ge.f PPOSI id fjrst_large
face, a gang%frs 'hegggssgge o ?ﬁgg#ﬁ%?deﬁlﬁg\/\g@gs %é%(téﬁdis}?l‘“glgario%ndathe 20
injector. Thiedagéviedy neyenml yolvave ompabiahbYe TIPanRLgDd| Fo@mngthe

charact egi sthcaguligiken ifyi sqhgtd oncgiel N afyet ecfini cahby f;ﬁé‘ééﬂ)f‘e

conmbi nation: 257- the device conprises neans of adjusting the axial

positi on of SFKBNERPERLSr I t RhpEsdct 2t @t nabeEth dSrEPTHGSstdREt ure; -
the adj usti F@amegnshar ¢adegugaed in the formof a screwthread forned on the
external surface of the 30 injector and coll aborating with a tappi ng borne
by the wavegui de-form ng structure; - the injector has a roughly

cylindri cal waatehappens tilse tagjtust iteg dieaitesamotdesi ffwed dny tde floem of a
double y4ng %%%%He&%i%%‘é'dc%ifs'aél‘?z%ntt% 23 %efn'r_lerxsa.ttelcfir tine T 86€ 085 A 108
structure, the double ring coupling devi ce having the i1njector passing
through it, femtagdion of islrideadeprsits s tnghhahedheadilasma ot netai d
coupling deyiGeeq in The dJdie sRveEligle-JOHNG il W Stadit s L dins a

first end |nten§ed to be connected t0 a m crowave generator, an opposite
second end ot EhgedatbeBe a§uithFendi OR thEed2KEE B8FE4LI ng neans forming a
short circuit, and 5 a region in which the neans for causing the gas to

circulate and for conveying the m_crowave power, to the end of the injector
are pro@?dec?;o Progugs é%’lcg’nai it rtéfgeiac?ﬁ"e&tp Voied tg}%sgreseec‘?r?(gn?é - said
regi on of naheowed otr,0séhexecttinen plemma sfsrnes ,10pard Oft @ onstlantber oss
section in Wi Rg:AEaRsLOIoaUS] NG Nendas LBughLCULS] eoBEe proVi ded,
and said region of narrowed cross section extends between two parts the
cross secti @@sep \AHitET i HeeatdRayt | imebReyPladmad anfe Y9 rErceiite seednd ends:

15 - said rediam | §efot PO ORRera®Ret By &heSStsesthom: Wnitgle exd £agls
bet ween_said_two ends, and the device further co i ses a‘ﬂlel rrp(gdance
mat cher 2 %hi VSRR % %4 SO el A4nh i nj ect or

system i nt o Thieg ctanti achen shé C usleeiCtaomagiest i er@0 iorpesbneenat i vdby
wavegui de-f or g1 os”gafc}s‘{r eﬁréat:tr%%e medance, trfi'l?{lr}! Ssxfith'rL Gyl 1 nder
° h d el'ectri ci

made of a nateri I's @ good conductor o . particularly of
copper or biddisshamgedhgedocsde altinpsphemed t he i njector, and extending from

t he second

25 A known example of such a microwave plasma torch is the
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. 6584 to 592) or in the

30 addition certificate application FR-A-2 533 397. The
AIT torch was applied to the destruction of SFs and

C,F¢. 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 when
treating gases containing impurities or effluent whose
conversion yields dangerous gases {for example

corrosive halogenated compounds), or alternatively



25 large face of the structure toward said first |large face; - the

m crowaves have a frequency of roughly 2.45 Giz and the holl ow cylinder has
a length of between 25 mm and 40 nm preferably roughly equal to 30 33 mm
-and an outside diameter of between 20 and 30 nm preferably roughly equal

to 25 mn - dhe 0ap.i.Sydeki dedy by the erLibes,fotmed in saidihasge face

and the outgl ne- o jec cofrprl ses an ann r' di sk
nmount ed on Bﬁesémmshc@rfd Yo g@ITanezaEhd if&ﬂdngamezemsrahl@ﬂ flica@ ,whi ch has

a diameter ghgll ‘Ege%haﬂxa&he giretgropfeddie gEi f&%%oﬂheﬁ%b%%ﬁco%% | arge

face, the gap is, imtéd by the central orifice, and a spacer piece is
pl aced - BB hE- t he annul ar di sk and sai d second | arge face spaced
away frgmthe edge of the central orifice; - the edge of the orifice

dellmtlngtheg is of rounded, particularly sem -toric, shape;, 5 - the
gap i s bet weef a%ﬁ%%d%g éneenFﬁ8nho’r’Fom’F%tralﬂc]t‘?j‘P€‘tI‘F‘as %ﬁsq east at
one of its éhgdsdvancageeferably at each of these ends, a w ndow made of
dielectric material, particularly of Teflon, transparent to nicrowave

energy and isolating the 10 internal volune of the hollow structure in a
roughl y gasThghsubagctrom tthe wenegiiide: seet thasetxrendi dgevrlesrpé@m vel y

tovar d qthe %é ﬁwegggnqhq;}pr pPRdntoward dihe !afB%QﬁQﬁ@iéﬂlaH ”Eans -

t he deVI ce conprises a treat rrent react or 5 nounte
wavegui de- f Ghar agt @6l 7oW 30r GEAGr Ehgndeaspi Ry t prUFiRe BRE éﬁstﬁ@

injector; -ctheuyett ofohpeibéeahfentch8act Bhel Splkkimadr ikedlnandgqui pped
wthacoollng@coll in comrunlcatlgn with a_source . of cooling fluid; 20 -

the device PEPEREIREomitt sedSmeHEL16E puitpitHg e APnotPRer®S n ke’
treat ment reaeadtment, t thepurpirnl nEansr LoNsd | it eingansoofl mafeistoifng t he

roughl % anLoac. Ll o of ths, qases, ot pLheaihe ghubERPI A8y 48t he

reactor I's égui ppe i Ki ng iméans
conpri se a Whreei kéared ﬁﬁdetbﬁ eM@NEQMG§EF¢OGmn@gctﬁmQUWﬁvéﬁlaﬁnd

particul arl y, 548981 L8 t‘?fifo%%' Ngh t g¥aEd ckhenddee; andy Oéeégﬁd' Niaggleor 30 and
connected to a source of |owfrequency _or radi ofrequency hl% AC vol t age,

and novenenf2fBaifPRASIGG n§ate tbLERE bleEgwt ERG%er & 098P t&Fay from

t he vicini tyagagbe df eamnNdincideatl reavesd ektéh@ihd] %Cﬁdlfncila&rﬁis

cyli ndr2| cal , ggegg conl cal overall exterior shape; and

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

25 - the device comprises means of adjusting the axial
position of the injector with respect to the waveguide-
forming structure;

- the adjusting means are designed in the form of a
screwthread formed on the external surface of the

30 injector and collaborating with a tapping borne by the
waveguide-forming structure;

- the injector has a roughly cylindrical outer part,
the adjusting means are designed in the form of a
double ring coupling device fixed to said first large

35 face of the structure, the double ring coupling device
having the injector passing through it, and said
cylindrical part is tightened radially onto said

coupling device;



- the free end of the injector is equipped with a projecting central
el enent for centering the plasma with respect to the outlet of the

i'nj ector, gas passage orifices extending on each side of this el enent.
-O her features and advantages wil | becqne.apparent fron1the fol |l ow ng

description, gi vep s‘oﬂl %\% qﬁlem%%ﬁ%lnlg %mlo% ﬁahs refglrlence to the
iC e

appended5dravmngs in IS ' GEht Utlc profll View of a
first enbodiemdntingferalegasta reat qennedeedceoa@comnd:mgvat\mm@nemmm on; -

Figure 2 isa3 vigupdsom %lé%\é%dOfeﬁ@e 9REAER T 40 %Egﬁlﬂaped Rhguge 3 is a

view in sectlon%%% part_of the device of Fligure 1; gures 4 to 13 show
vari ous enbéﬂ‘PﬁéﬁP§eofanh’§qlﬁigeéﬁﬁn%ff@ﬁfél%%vﬁcéh@FtFlcﬁl}'rCélllt 13nd Figure

14 is a gasat rﬁé’éi@ﬁ‘t mnsmiéat iteR UgibAfsa ﬁdxeaI:HEBE.ngeVﬂH@ aesorghng to
the invention; %ure 15 is a curve show n% t he chan%éwl n reflergt ed power
in the waveﬁﬂnrﬂ’é‘ 3§ a 3Gh o rCHVERERS nfBEt B CREIENE; °r FYur'e 16 is a
curve show egdt bé kheelingbcdest avet bebvatied;gas by means of t he device of

Figure 1, as a funcﬁl og of the pressure in the_reactaor: ure 17 is a
15,8 fy

curve show ng t h8%¢ ang PR | T6P§E8sPHuttER"e crbgs 3 atPlnhction of

the inci dent 25 sa@dow&gaq@om harroeed oazogas sblcawomatce:snmc‘ae@ gas
di | utiopy 81‘1"%6 J7 ags bt Sc?oégh%ré%tt'l%nprﬂf g1y llﬁe‘é’hgf nfb el Ol

enbodi mant a gas treatment device accordi'ng to the invention; and 30 -
Figure 19 i Sa#siigw FRe s@@Si ok orf DIAbe ofrEi e Med Fi gofessaidnd 2

schemati cal kegdepi cbf andevrowed dbrdEc£akicld18as antdhdd apeRwaesordidg to the
i nventi on, 35 denoted (t‘)})r/ﬁthe overall nuperical reference 10,. viewed from

the side an®3FitEwet'®r ShoifovESCFESPectt v A} ChrhdngEGREES 101 1RFAAYY consi st s
of a waveguitdeafrdr wheg fhekkowngt seconde ehdsef | ongi t udi nal shape and nade

of 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 1is 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 1large
face;
- the microwaves 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



" g _an electrically conducting material suited to the envisioned use,
particularly of netal. It preferably has a rectangular cross section and
has a plane of symetry situated in the plane of Figure 1, that is to 5 say
parallel to the snmall faces of the strugture 12. The structure 12 has two

open ends 14 and 16 respectively, .whjch e intended ne to be_connected
to a micro g“’&?ﬁ‘ergﬁ%r %\ia%piit‘:?%d)afn n§2tHe %?‘F‘n%‘?glgalrgebefﬁﬁ?mect ed
t o appropri apacesaasafyorf rioor tiheg edigeadifushablcensiralt ociifduiet;, preferably a
conducting pl ate _arr angyersely i i n y j U e So.

that the irrpedanctglecan e ét%j gg%éeg%%(%g?dmée%{r}git%%% mgﬂénggiyl}%aﬁ(gk 16, the
structure 1ZosoWed s®ariicadiagdylSepl -@ricowedha@bess section concentrating

the inciglent m crewakas i\Whinehwed anmkd a6enBr hiexidccentral part 20 of
constant cross sectiqQn extendi ng between two parts 22 and 24 the, cross

section 20 6f white® BRYIEIESEFIREAFE yPRSWarT t1RASEhd2FegPEnL 41 BRd 16.
Referring ales@st, 0 d@upeeBerbbeyWwald €icMhicgh thesst edabyr & lwihgownde

conprises, at the central part 20, 25 two coaxjal.orjfices 26 .and 28
respecti vel %adtehr%ﬁgalﬁﬁ\egﬁr?@aﬁ?tfe&l us‘i’?‘l%lac‘bja%rjf%ro?r élfﬁﬁ-}‘é%ﬂ to
circul at e t hrengpatreatst raect wmierkivaared, erreygar t iand arisdatoign t tiee
structu i reaqion._ i i t a Ktud electric fi

associ a%gd vq\ﬁnt%ﬁr?%el g‘f)éﬁlﬁc{:\?dgﬁt %%eﬁpgi%#g%tqélnctﬁ 5 pJ‘r?Igf & a%%lflgkgg,i ts
mexi num exwesdiofite erpr e$sipen theghweveguifle fiertiampl i exderidingto be
under st ood 3% HRRNMIRG 19N @R A4 U@‘l@eoﬁliﬁ%wgbécbregl‘ér%@&' &k th@hat§ high

enough to allow the plasma to be struck. As can be seen in this Figure 3,
these nmeans 6ndroedence aast3a9 M85 eed by the wavegui de and conprising

an - 9 iﬁjeft Mhélgdé@i@é?)gih@?héﬁpr@(ﬁﬂﬁlséﬁgbo&r%?t‘{deglt\l\ffﬂ:i@%iéri S ];Ii ged

to one t he rge fac A of the structure 12.an istal free end 34

uhi o’ phesedturtst S8 B, i e btfeha iy rao b AR et bl 148 %an

of the struchappent? tied firfeeoegld wii ¢chel tingeojteet;s out fromthis structure

12. The injector I Q£CrLQSS ' a S [ : r ows
t:f’% hasi1 ?ﬁ Sas gf&%ﬁé!% r&5888y q_%ttﬁgl%xfﬂcli’#lé‘éi

toward its free end 34 so that a gap. ) remai ns at . Ice 26,
bet ween t he angj RIWPEH anith ha eeasinguent lnalnl Mmytica3i g whieh

structure 12 Yo e &F IR 1IiRG dantiqyaves are passed along the wall of the
InJeCtOEOBO—towa% é'1eJ{§§)§ﬁ¥£§%E comprises means of pumping the

atmosphere in the treatment reactor;
- 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;
- 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 passage

orifices extending on each side of this element.



15 In the exenplary enbodi nent depicted in these figures, the

wavegui de-form ng structure 12 has two coaxial orifices 26, 28 for the
nounting of a single torch 29. It will be understood that it is possible to
provi de a hi gher number of such orifices -arranged in pairs of 20 coaxi al
orifices, for nounting a correspondi ng nunber of plasma torches. In this
case, the pairs of coaxial orifices will generally be arranged in such a
way as, on Otibesnddaamadest @rshladvartagssneri ldglzdgndcamparenthefgemps so as
to create reuahl ¥ hdenthgal dg.t,eﬁfagiah,thsi@énengélei eagh t@éfh gpd, on

t he other hand, to allow good I npedance natching of the nultiple_torches
structure usFagPaE ustichg madms BBl dsgfersefBer & f drhexampPenged
convent i onalyZRhnlye shokhieh:cuit and a conventional three-screw matcher),
with a reflected_30 power Ereferablénless thar%,(]jl%of. t he inci dent power.
Furt hernor e t he Fd8%€e 1018ofprFSREM A Rs PEPTAdFUSHITG Phe daxi & Shosi ti on
of the injeempodithenitt lof eapgak tuxrddienesit udéul €e 1accbrdsagbaiongthe t he
formof a 35 _screwthread 36 forned in the external peripheral surface of
the proxi mMY&Hi67"32 of the injector and col laborating with a tapping in
a nut 38 borne byigmeest? ué¢surae t2ewl tfran t Abevposdi btket dleadjcgstobr eci sel y
- 10 t di tg%r}%elbetween the free end 34 of the torch and the

correspondi ng-l'arge 'face_33B of the structure 12. The injector 30 conprises
an internal ~duct F4Qugier odghi S @hi ¥hev hdyasersionr eaf nidrtci PEul Bi@s, this
duct being ¢rRNeE &3F Fagadeead source of gas for treatnment, which source
has not been depi_cted. an alternative, the inj ectgr 30 has .a hase 10
consisting of a EHIUWES chl tPubhd aPPBEr (A W& RURACHYSRER0LH tlof
cylindrical igrjecaarcaf aher ddviext efi origalkepe;( Figs . 4 to 12 and Fig . 19
) . The,diameter of the .circular orifi 26 _for.ned jn _the |arge face of the
gui de i %gt ail or egoltgélréﬁ vled the %i %ﬁ’l zEF%égBI%?éA lélsg-‘n%q'latf‘émen%sglgrf? wi dth for

t he mi cr owave ggdmentt deyd ceordeordd nguttcoftthiehé nyeinddonoward the tip of the
nozzle. The W dt ;i3 dear g8 enquahy t g axal d g, idsk e ar&sahgs no; gener at ed
between the injectdor 30 and the wavegui de. 20 The width of the gap 26A is,
for exanpl e,reailﬁﬁé@ﬁl PIHRAnt 3thfh VeMRIWdea &= 18 foretiiods of tFlat nent
reactor 42 mpyricadromdigtstructure 12 at its central region 20 in such a
25 way to cap _t.he fre nd, of the injector 30 of the tarch so that this
end opeﬁg i nto tﬁt St §]T€’e4zl.sltawi FETEE n&%‘@&’lf’ﬁat t?ﬁ’e ?lre%‘f:? r ﬂg is
nmount ed i npetastousity con dfhea styreciyr endéh sandf c ohruiesdices aff t hi@0re he

i nternal volu of i tru e Vi i ncul ar .delimted by the
i njector 30 Tand% ﬁe%(q)irn%ftﬁcoren g%u t%ﬁebgﬁ%’%%f%, * Gt%fe g%%%t@?dpture are cl osed
gastightly 35 by Risunewldl dseg Ainvsdesdwine| sher ichamgeerim| level

of destruction of a gas as a function of the incident
25 microwave power for wvarious 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 wview 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 numerical reference 10, viewed

from the side and viewed from above, respectively.

The device 10 mainly consists of a waveguide-forming

hollow structure 12 of longitudinal shape and made of



preferably of Teflon, and which are transparent to mcrowave energy. These
two plates 43 thus form"w ndows" for the m crowaves, whereas corrosive or
harnful gas that m ght be present in the structure 12 - 11 comng from
the reactor 42 cannot circulate toward 8he environnent or toward the

m crowave gqggragfg é%&cafgﬁmaé$n8uﬁﬁff%reﬂgﬁgfiég i§zg¥ghndEgca§ %nda

equi pped 5 with cool in t rmof a coil connect e
source of appropFiened c@@lelrngpéfll-’tn-@u@ths@lﬁrc@eFélnotIf'deEFf@tf@a'Pblhft al so

bears a pl asi@s Skl i kbOGalBADEF desdgnederBibhe b f o® oh HMidel oke -
conducting rod 46, for exaqgle made of _tungsten extendlngptomard the free

end 34 of tHYTREERE oFirated 1Br Eheakd 286N Rt BHIYTE al 1 oWl F eyBekly or

radi o-fr gquestey frH1 K] vl tielge ST Cef{dwd afepilnd eshructchites 120d 46 is

equi pped with novenment neans 15 (not depicted) allowing it to be w thdrawn
fromthe vicinity of the free end 34 once the discharge has been ignited. A
pipe 48 is demecBEdutburee A@actlars 42twe coberct enlds 20l Hasasdaf Lér t hey

have passed whic i i S, t a vi ded
wih moans Stogeatrt’ AETEn SR Lol atad, bhe B S{00EHpopEd
under st ood, @mear@aérgwane genewstolfe (FedeFa5i ¢terd) ngerdhether obh2g to be
i sol atedof romt he exteidate@ny Oaﬁs%pﬁfgt@olﬂeeaqisedfbe ffuallmlfrfg the

renalnder of the treatnent process, The dinensions of the chanber of the
reactor 42 rREMTHRREY OB gBlEFSHEh ﬂﬁ?f%a]aigrap@flﬁéczeaﬁa. PLBRE of

sust ai ni ng aa:pi'aﬁﬁg@dV\brﬁhsvérsélﬁeahﬁemdﬁgﬁiiﬂlrfaﬂnﬂ syimetsbTe ebt her by
parasitic c §$ of. t he nlcromav en%%ﬁ% 4r1the wal | s of the chanber
or by degrad ?% i %WP QQﬂﬁﬁtQQﬂl RSt t he gas near 35 the torch
29. However, the dinensions of the chamber of the reactor 42 need to renmin

smal | eRg ug%% Q. &&EP dHie dey Cgpﬁé alli‘hoéy]‘? , aclpe zstlor%ctﬁ% exanpl e,
the reactor 42 consists of an alum num c about 200 mmin dianeter
and 480 mm t@@Mprises a region 18 o narrowed cross section
concentrating 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,
through the structure in a region in which the
amplitude of the electric field associated with the
30 incident wave 1s high, and is preferably at its

maximum, extend.

The expression "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



1n this case, the punping neans 50 have in general to 5 be used to nmaintain
gas flow conditions close to |lamnar conditions at the site of the plasna

flame. O course, use may be made of greater dinensions if the conpactness
of the entity is not a prohi bitive 10 & sadvantage. Thus, when use is nmade

of a large a g]%{c} e
ref erence tghéggﬁﬁ)gs%t T&Iglelg eéfrge en %@fri151 eg}%meétbosf fésw%d%]ﬁe pl asma
torch may hate yarlfdu'éﬁd:oﬁpl gomat ivhs thepesdfrygeal facesherdasofn e

exenpl ary egbodipgRt 20 deses i Redyschermatrcal | ¥yndi thy r gheranceadQedi gures 1
to 3, the injector has a conical_ exterior shape, it may just ‘as_easily have
a cylindri cERTeREer ithe e o %ﬁep‘i‘%@%dlpntbﬁglﬂp@%ltﬁ% HBroe rcend of

the nozzi e hag a1 gmet eerobthebwaen th@nthdoSgimvhpeaf arabbyopsied to 4
mm For a higher. di aneter, the treatlgent yield is deteriorated in that the
pl asma col uftitd6ES™n&E1E0FEF 56 e téntire opening. For smaller dianeter
val ues, the resulti ng increase in the speed for gas for treatnent decreases

the resi dengt g5 o S, gl 25 e chiBsPLanm oANd o el oreate,3S |evel

of destructi on. be seen or an injecto singl e
openi ng, théhpltamlioé"sstﬁ@ﬂﬂ(rd n1h8régre§ne@fd 34 93 tbatcanfg@xen%@and is

therefore pE%ﬁ%‘in%C%%ntHHé?%H’fi%é hp g espeelebA ttﬂ% St %%moqf CQ)asancf‘S

visible I n the exanples of %ures 6 to 11, the ree end of the iInj ector
=!

has a cent r&lhet CpNSE ityeatnyatie 93 5§‘|ﬁ§ 6 9k qkt%e‘?tfrl%fﬁ“%% i adf the
nozzl e, at t{/AeceerHe ﬂﬁcicﬂ'@qgaﬁaﬁbée&fﬁe Iphddi® £B5€g the fw-ae esdl 34 of

the injector_has a set 1 s .p age orifi.c such as 54, distributed
uni formy af8&t Pﬁé’cgé’ﬁt Sgl tf)g’ réz%?‘ﬁ gfgebgflﬁggam exanple 2, 4 or 6
(Figures 7, 9 and 11) of these to forman injector of the "shower head"

type. 1 As n e 1 tral
5o T3 2B (e, SR ey DEmOSRLALEE, MeoTkOUho R el OT e
34 of the iy tmavegugdg fpsRiRent SERYCARKEL | A cAP$ oyiWe t¢raxedd ce whi ch

20 has | ust Jbgencdescrd,beh wdt oW Reurdessyi Bedaidilhgef ergnae 49, Figure
14. 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 the one 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



As can be seen in this Figure 14, the device 10 conprises tw 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.fx@e.ends 16 of the wavegui de

structure 12 is.e ed W|th an end Iatef r bile_short circuit
58 for adj ué??nglgﬁggg ANSE ant conﬁ%%t Sf:}%tor§| agod‘gvp}g% 58T Fgl a&ﬂcusti ng
its positionbheai d:hrnespen@inglclaur@e 1Pac853Iheobppbei s erendudd 13. connect ed
to a power generator 60 generating the incident m crowaves via a circul ator

62, of conventional type and optional, protecti rtl_%et he generator against the
power refl| eEhedibyechert ctheampoises an ifH@rnHe $rasnéli Shwaudiyui shed,

or when g hewhﬂ@ﬁdéﬁée?%t ¢BkNgres tRRAE @A rkl1bheshr e¢8%S Rictheidigad ust ed.
The role of the circulator 62 js to transfer the reflected power, to a

devi ce (not CERPEEEed) thedi Jifed 1P UbsdF hIRRI SCPoMErR2 RGP tax WHHE a devi ce
equi pped W sbuacehnagenot Maégrdepicesdi onal couplers 64 are also inserted
between the circulator 62 and the device 10 so as to tap off a 10

determ ned fraction of the power passing through the wavegui de, so as to
determ ne iaAs vahue.alffexrratsitvd,| attive | sSngeppbener®led iys means kefsef eedi ng

the devigfe éQﬁ%&?ﬁ SoEoégES;ZnhH‘EQEaﬁt Q%ﬁ%l%ﬁa%%tr@}.%nl%ﬁ%hﬁ%dd Ct ed),

connected to hes exenpl a ion of the treatnent
devi ce whi cA Mez3lsst ofechy Hudrigad Wil | Cﬁ@\?vcbé desera bed axitier iogf er ence

to Figures dRap8 1Fif8r uhedest r&?&'ﬂbOflg 0 @BE63iatBeekneirdene
m crowaves have a freq GHz. The m)bl | e short circuit 58 nounted

uency of 2.
on the freecéﬁﬂu&@roprtlfiﬁécze( r ot lftoém‘fq siBetthey bpYe®i Z8%he®F mf&Gance 25
mat chi ng anguidei ﬁrbzeahherreaf |t©ct9adzeponm cltclhbsr b@&p Pennd tdh@ill with the

wavegui torch ord| he invention, gLY | ow val for the
power r1 | eCP8YY e ge 2T at g‘% cr%fhmbow%‘ﬁ? aPﬁgﬁrafrt Ctgr?\tgiur?%ﬁ e short

circuit 58 bas tmfentladj Biistk Cpwhodalthe aiphrek- meevmvzrpbdandélmatchi ng

(not depi Ct@gQiBHaXstajr%%t aéﬂéég%l?”t&h‘av%&e%ederﬁktgf i CEOMRVE, OWEV

arrival side etween the dir I onal couplers evi ce SO as
to i mprove gAeeBatad| DSEWRAR. tiar REPEEPE, 3%sa%%nt%% %@%ﬂgmhd¢|gure 15,
adj usting the helghtmnse position of the injector 30 with respect to the

upper sty fagg.oliblf L3RRI 58, "B MRp1e, 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.

It will Dbe noted that the reactor 42 is mounted
imperviously on the structure 12 and communicates with

30 the internal 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



- 15 of very fine adjustnent and nakes it possible to mnimze the
reflected power. In this particular exanple, the height may be between 2.8
cmand 4.1 cmand is preferably 3.4 cm 5 The pressure inside the reactor
42 i s adjusted using the punping neans150-(Figure 1) so as to avoid the
devel opnent of .an ectri.c arc_betwe the nozzl.e of. the torch 29 and the
vl o the PR e SECadEiY RS SBRRRY F AT Mt oEafl e, For
a given m ceowavenpensr orangwarkt thiel milkbeowatved gehatratiofr e pressure
inside the reactor 42 is |owered, the power of the incident 15 m crowaves
has to be reduced accordingly in order to keep the plasma_acceptably

stabl e. Wt Aheeferldncaf tBhei Haaetas, 42t icarwaenskairalhand hedpteradre in

the reactor \A2nalce ey atkddy | uancenonsbhR 3@ leveli10fsdesthystion of
C2F6. Thus, .in order to keep the plasma acceptably stahle, to avojd the

risk of arcECafpERNETE S FRRF ORAIE %D GRAEE f Hidif FERS eFRUTR et S of power
to reach theo25ddedicted)l.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 variation in 30 the |evel of

destructi onItf a6 leears fanplasmaottrihkingcmeebermdasdwmesl piowethe f or C2F6

diluted,to 1% it LS M) Lve or, vard Qus_nj ow
rat es. W cgr%g CJsqfleé{n tEatl,bg% 991 ]Iff%blvg??%% ?8{% 4{55. (fq(}iutee}ir.gsrﬁ%%‘?etﬂla%%t e) the
| evel of de$tfr uednIFrEusi p¥teBdindacheyvargy tlee Arsedexstd pdheri( 1209 watts).

By contrast jn4eroihe MitHogesréhodhiatenheckRer @5ed 1w 4P-Oyhdd&ys per
m nut e, even u3|n%@tmo torches, the | evel of destruction for a conparable

power is th&% nef@fyOofre@eRrler N9OM00ACTo YRARRIP t 0SQUFEFel BIOC - 16
destructi ondepié@@d)i.t TE shetwdsas yiko eqalippetihariptivaiotenat: Mikdnsas 2800

watts. can nOM/%g. n st.qqd tron1t€e f oregoing.that the 5 operating
condi ti%%\s o1n°tthed %/#I%%ggesag'ﬁioﬁvéél%% cc' B4 WIgChé]rawn Eran’ P
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, 1in this example, provided with means 50 of
pumping 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.



reference to Figures 1 to 13 can be adapted to obtain a | evel of
destruction of C2F6 close to 1000 by altering the flowrate and the
absorbed m crowave power. These results are not affected by the generation
of solids 10 originating fromthe breakdobwn of the treated gases, in that
the plasma i r | n reac 42 .,do fo t tor 29 rat her
than in the %?Pe%%§§§#% tﬁggdgﬁéégéﬁtézgas %é& reanen .%%#Hhﬂﬁiolid
resi dues areCY£ém@¢br@b®%§b$@0tmmbi@c@i@m$§epi@@do48glm@rtalh-internal
geonetry. They may al so be easily recovered in that these products of
deconposition accunul ate in _the bottomof the reactor 42. 20 Furthernore,
this perfor BRcEPEE SESS ndd DHyPHBRIRY ofegngad O riditsreht gevreEdladcor di ng
to meti ﬂe%éommCmé Sdrb}s;ir@téiﬁ})@h@ngfhldwlr%‘c?fcﬁﬂifr&i@_ lertgligys% Sttro_UC: uae
in a e neans provided for applying,the electri ie associ ate
with the inc?%@h?aglﬁ%?gbﬁb%%%t?g E%%eg re %fe%??ypi?%%?ig}%ﬁeby conpari son
with those with which plasma torches are generally equi pped, while at the
same tinme repmipin ig egti 30 Fi gur 18 . 1 epict .,a second
enmbodi nrent o ag %g?%é Q%%oﬁ%%nggtﬁsgﬁean %%F?%ﬁ.%ﬁ%g Sé%n%hfgﬁtﬁﬁ | ows,
only the difterpacenedpy codpartilson @nthtyhe ifsi r stotenbadi mperethiiiltiviee
describqﬁ. Thes aGARPA§eSI Ml ar to those of the first embodi ment bear

i dentical 35 references. This device 10 conprises a hollow structure 12
borne by a support plate 79. The hollow structure has a region - 17 80
the cross seghi&n @hewhiude i 8si dedlel G acnesgd t$i £8H i Feakepgt h bt ween
the two ends_14,.16. The suppart plate 79 has a tapping 82 coaxial with the
5 two orificBROLENY FBEHRS 1T ﬁ%?l%k?%?? cture 12. A double ring coupling
device 84 is screwed into this tapping 82 and extends fromthe opposite
side of jishe gl ghe ZRetgnbhe RO QU ST UCt & 512 Jhi §, ouBLLng 19, devi ce 84
is known per se and nmarketed for “exanple under’ the name o Swager ock™.
This coupl i ngndester 840 cordrides PIrsea bddbrds msughhaven teeishispe of a
hol | ow cyl i ndgh£iderdbeoase 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 congpatisucddlye, 20wh2rehisch inar rens t ewenglhbe suppedimehfte device

84 furt c rises.t rings._9 96 ,0f frustoconical hape arranged
Coan ol 15wt REELERSa | BRpEhdBR Rty Ut LIGROGRI OB BUBRELATIAMICT g6
The 25 frustdcomibeal imigdtawe bast ke ¢onscali eytedios phessed agamest the
frustoconlCaﬁuéyrgépeeggi9§ qﬂﬁn§a§e $§E§hé¥&cal 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 vield 1is
deteriorated in that the plasma column does not cover

30 the entire opening.

For smaller diameter values, the resulting increase in
the 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 1s struck in a region of



A clanping nut 98 is screwed onto the external 30 screwt hread 90 and cl anps
the first ring 94 between the second ring 96 and the base body 86. The
i‘njector 30 conprises a cylindrical part and extends through the nut 98,
the two rings 94, 96 and 35 the base-bagy -86. The injector 30 is fixed

axially by i al inhg of . the fikrst rdn ainst li.ndrical part
of the inj ec':gJL Lgrﬂ)tcélaeqpééj an&)ntlisnucg&éatrae jouI%t la% fi tﬁgcﬁgl?égﬁtcarl? t he
injector 30 Wmttl‘h reRgRet to the a3l (ﬁashe hoI | ow structure 12 is thus
possible. 5 The device 10 further conprises an inpedance converter 100 .
fixed on the interior surface of the opposite face 33B of the holl ow

structure 1AS The VipéRaRcdcdlireresmbes | efefdantrsl 16y & hdlt ok €0

cyl i nder 5102 asd a@@@docfoemeallry;eedwmdhé@eat Veehtr2d. thie spdfekctihygs hol | ow
cylinder 102 adj ent to tg e face 33B co ises a f|>l<| ng base 104
in the form&dtedn %ﬂﬁﬁl F§k 8H FNGefrE oF i FRee”2851¢5 RS nade
for the pass@dge cdntrtee ofhjtdod (g‘as?()str'lémne.e fixing holes 106 (one of which is
visible) are formed in the base 104 and distributed uniformy about the
axis of the cylinder. The inpedance converter 100 is fixed to the holl ow
structure lzhbytniﬂr eza ser evige 108ee 2endit 34 sof othe nonfedtohahashe eentr al

orifice, tdes bases d04e hag :Fliiff'é:é‘émt €Lyudh| 99%_' ysﬁma' h%tﬁ:%ﬂt

dlaneter of the orifice 26 of e structure. orl%lces 26,
105 are decodpt I onpRRVE| e‘@?? oREGHERLc StRNndPoi n‘t:hﬁﬁﬂ tk?%lf@bn%yl ng of

the m crovavecpgyes 20 theoend 3&FiQfuddie 7N ectLia 3011 Sofatthdge skbe of the
orifices 26,_105, nore. or_|ess_det ernlned by th gp&{lOSA present between
the orifice HFMF aftd FHLT foect y}éeiﬁji %e central orifice 105

is of rounded, particularly sem-torlc shape, so as to reduce the risk of

arcs behgg general od ighunan J he, edge and the | nbegtor 30, 38, Jhesf i xing

base 10 er ‘conprises a dlrcul axi a t'S surtace’facing
toward the oppos¢ertriaketBBB5af 1shere@d|a|0@@ s et 3@, fhmingnthe2 has

roughly the ﬁ@lr@%éilmtﬂédaa%té}f‘e firdd G hassy J&ﬂth@'ﬁjrécreolrlz forms a
spacer spacing the fixing base 104 away from -
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 Jgenerator
60 generating the incident microwaves via a circulator
62, of conventional type and optional, protecting the

generator against the power reflected by the torches 29



the opposite face 33B and thus decoupling the inpedance converter 100 from
the hollow structure 12 as far as m crowave energy is concerned. 5 1n this
way, the passage of the m crowave power to the site of the discharge is
-determ ned mainly by the inpedance conv&rier 100. The di nensions of the

i npedance c rter ar 0S; ; he_el o] netic i ance of
the inject o‘?ﬂég it_tgler g’l}%hsﬁ% teé; %’gﬂ%&%%%%ébh%?agﬁ t(‘:-?Eli er?1 ?eceie ?gec(%a{r?(;c%ggneti C
i npedance ohatfbingl Lewmsiqrmceur enlxheTirrsggrsiant e bedngeradiudteedmde, for

exanpl e, of pRAPPEs1dS OF MAss BuWeuTREbe gade; of agy ¢yl f thal is a
good conductor_of electricity. For a mcrowave frequency of 2.45 GHz, the

preferred dFRERSFBRY BPYEKe LoV el EICQr £nak PEPEEWET) t ReSIEREEh 5% bet ween

30 and 40 nEbaddbi shpsepewakl y f32 exampne thaeRulcs depdipyRt &fidls et ween
20 2(i m*nanlgl1 30 nmEand is preferably 25 mm The way in which the device
accor di ng t 5°#h8®sBEoldt8hbodi nent works is sinilar to the working of the
devi ce according to the first enbodi nent. 25 The second enbodi nent of the

devi ; \ . . ‘i . Cruct d
nas a1 ow coSFeOr aahlr Soe e 58r 3008 L SH Aol BB A v
1. A deviceciorulatari fg gasdwittie peghes pdrtseulas | yosustai gl Ioy

m cr ovemMes, 38E e -AenEY P& A GABY | SENGHR: NBhl,aw PGty etﬁégﬁ%ﬁggtlﬂ)engng

wavegui de intendednto be connected to a mcrowave generator
nmeans (29) Ve8vegnudfngSPhesghe FBFe¥TeRenthE Y®LEfrcul ate through said
structure in a region in which the anplitude of the electrical field

iated with 10 t i nci dent i s hi d f b t i
haract er | ZERe! AL TG GFoahs FoIPRARTEHIES nEY g REAF oPFoieaE Bompr | se
at | east onehpl deviceorldh ¢28h fes [fooducierfmeit | (shesél ekana plasna in
the gas dor,Ltg tﬁggﬁctéﬁ? tag eSQQBrLE'Qﬂeaﬁ?f&SQt9§.(3O) made 15 of

el ectrically conducting naterral nountéd on a frrst large face (33A) of the
wavegui de-form ng structure (12) and projecting through an orifice (26)

made in a sgRORGePNASyf 3D 1GI3R) RPROSI ke Sakdatinbat bRRGel 3812 9ap
(26A; 105A) for the passagé of the incident waves 20_extendi ng around the
i nj ector (38§ 21ushe %i‘f'@\ﬂ ceessriPsfnett th ACY nPe, LHIFEtreti 264 n that
it conpriseseffeasacé3Go 38Big8desofsadjoust? nforhectoxi dbsposction @ff t he

i nj ect Y, (382F6wi th respect to the 25 wavegui de-formng structure (12).

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

25 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
30 the mobile short «circuit 58 has been adjusted.
Optionally, 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
35 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



3. The device as clainmed in claim2, characterized in that the adjusting

means are designed in the formof a screwthread (36) fornmed on the external
surface of the 30 injector (30) and collaborating with a tapping (38) borne
by the wavegui de-form ng structure (12315 4. The device as clained in claim

2, characterized in tt}at thed.qjsetct Qr. (?é%) has.a rou%hI\é C)éliib drical outer
th

35 part, in Phat” Tre adjnuestian A1 Car & esf“&r}fgﬁ i °F5rm6f a°doubl e
ring coupli midevize (84¢ firrédetbedai poiarst |Targethase pa3A)coflarhe

structure (1) pdne deybl e diidig cAUP! kR0 Hevi&en NaVighg. hend nigegt g, (30).
- 21 passing a%r?{;rou'gh Ft, and in tﬁgt sai d cyflgrr]ldri cal mpart is ti gh‘tened
radi al | y ont®&ahs BRIFTHYWeVi4€N84). 5. The device as claimed in any
one of ckainms 1 to 4, 5 characterized in that the wavegui de-form ng hol | ow

structure (1 has a first, end (14]i)1 i ntended to_be conpected_to the

m crowave g aPOFSEBER, P I8potiee TEEEHMF et E51@FIY TGP be

equi pped w ttheé npedatiag ankarss | B0 neRNGuASH8)L)f osen G atshartoisd redwet, and a
10 region (18; 80)_in which the ans. for. _causing the gas to circulate and
for conveyi n(gé‘f%legp ecr%tomgge aﬁlom%jrjg? “the agr?dbh%?t‘?% i ﬁ?‘gct%orz%fz%) Oglre

provi ded. 6.tHhetoevhc@%asand dhwdvall cohi bht, rehatact erd zadd i so 1Bst hat
sai d regiyon | jon (1 ar d ggos iong,£. Ihe [.ce as

cl ai madq:on cﬂ[fgi ?nc’%@ic ar%actg%lr?%%% i%ﬂ%\ﬁat %ai %tégg%bn {88) %f %grgrggvved
Cross secti oM PRI FJWR- (20) of constant cross section in which

the neans (29) for causing the gas to circulate are provided, and in that
sai d region of narrowed cross.section extends between twq parts %2, 24)
€ 25"8nd

the cross setti dfldi QFi ACFHLr | fhealP§ (Wi ihe 1
second ends fdaktdb) .4B. iEhe ldendreel,as ttleai poteirn olfai khe, dhaddeheri zed in

that sai,d regi I regio [ OS ct.ion i.ch_extends
bet vveenllg’ai g%[%gov%%\aegs (%gg %ﬁ( ?Q%iogaer?g%%n% ?%La?&fﬁ%ﬁ%]égi éé f%!\r(%]%rgr t§orrpri ses
an i npedancekerr ctire gloD)a wiedptodnerstahlee el ect romagneti ¢ i npedance of
the plasma injector systeminto the characteristic electromagnetic

i npedance of the waveguide-form ng structure (12). 35 9. The device as

clai med in Fefhin BeLBRERaRt &0 ZSFUSE t hat tifte §3peBBnEeatat EhRF £260) is a
hol | ow cyl i nsteks i) inraelge Of ettt €42 dh1 ébahat San §ABUuEABEUBHOEHES

el ectri Eiot y,lé)@erlt iocyldalgsle/ruogticoorppoef Cozcr,sl?r ass, arranged

Thus, in order to keep the plasma acceptably stable, to
avoid the risk of arcs appearing, and be able to
maintain a sufficient 1level 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 wvariation in
30 the level of destruction of Cy,Fs 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 level 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



- 22 coaxially around the injector (30), and extending fromthe second

| arge face (33B) of the structure (12) toward said first |arge face (33A).
5-10. The device as clainmed in claim9, characterized in that the

m crowaves have a frequency of roughly 2545 GHz, and in that the holl ow

cylinder (10 as_a.length_aof between 25 mm and 40 . _prefterably roughly
equal to 33 %r%r?gﬁﬂcgho%ug%i 3§ Sdi drret’et %‘?C%%?%%nt%o@%]ésgng Oprﬂﬁér

pref erably rooghtymecguahst»825 wattdl. The device as clainmed in any one of
the preceding clains, characterized in that the gap (26A) is delimted by

the orifice (26) formed in said large face 15 (33B) and the outline of the
i nj ector. 12ItTikendewyw ebas vaidanm@®@dch Ergmotdeofferegomna thatothe

characterg zegpbpat | £0RQIPLLRSS B8R apnudl apediisk ( HiL TRRt eq iem said
second | arge face I%g:‘ﬁB and 20 hayi gg a centrg:e orifice &%05 whi ch has a
c S

di amet er smafFEFLE ReF 4TaRet et tReCBRi PPcEIEPEF% 3d&cénd | ar ge
Eace)(SSB)d, 'wvﬁhabft la@sgta:mc(t:li%ﬁ)czﬂ scgzl idIiofS& tgybm@% cept I’Hantleiinrgi Ced )
105), and ipt a spacer_pie 112) is ace et ween the nul ar dis
b5 104y andERs; Ao aRET e Fhes Hornga AL ARYR £ POHEEne THRIS of t he

central orifresulti8§5parelnofhefdevited dsy ckhenmerbriaratiianirm 4 eolids
charact ary zed .1 . h g f jfi ; 0 li.m t.ing the
gap ( 262;d 10%15\%8%%2%## ogﬁ(gxgd?h%a]?tggghﬁgwygge%%g t 5%%§%e§hg%§.esi4aﬂhe
devi ce as clBhakd itheanwl@smaof &$ai pyoduredl3 irchathket erpaeorn #Rat t he

gap (26A; 10gMmieréambeifmeenel fopand 23 mmvhde. dan The deyd ceige cl ai med
inclaim5 or one of the_clainms dependent on claimb5, characterized in that
the hol | ow stPBettPetPe19eYifaswith Fa%stoht tHRREBIFts ends - 23 (14,
16), and preferably at each of these ends, a wi ndow (43) made of dielectric
material,. p icularly of .Teflon, trapsparent to _mi.crowave.enerqgy .and

i sol ati r1-Lg13 tﬂ’éﬁ? ntsgriaLﬁgl O Jlﬂ?r%esofa’f%e%ﬁSFFgﬁ/rgt F‘Jﬁl@tb&ree g0 (ﬁifcﬁn%iul’soughl y
gastight waypipencrheMeregitsieiseernahs gecendiyng Treespenay velyot dsard t he
mcrowave geggsaigr (edboaadehovang, the ipedapggsadi UpthRgcRans Je58) . 10

16. The device as clained in any_one of clains 1t characterized in
that it furtBBFORBABEFLeR ACCHEMLAER eabher POAZPRt BEeok sasEor
wavegui de- fogpi ng hol |l ow structure (12) and capping the free end of the
injector, (30). 15 17. The device as clained in claim 16, characterized in
that thé%all of the treatment reactor (42) is cylindrical and equi pped
with a cool i hgrtbetmédd) thisopwufibeathoa Wkt bbaasoedceyotmeaasl iofg af | ui d.

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



20 18. The device as clained in either one of clains 16 and 17,
characterized in that it further conprises neans (50) of punping the

at nosphere in the treatnent reactor (42). 25 19. The device as clained in
.claim 18, characterized in that the pumpi Rg neans constitute means of

adjusting t r.qugh m_nat_.f| ow of gase ; site of_ the_plasma.
30 20. The %evitgégaéy%%gi r?t%%tllr?ha\rggy§o%%£]§? g%aﬁ%%%f;%t%& fgc,eroc%s’ar%igf'eri zed
in that theengdceorld efuXh betempenppde Wwoh epldss Ad- stlti-ki ng neans (46). 35
21. The device as clainmed in claim20, characterized in that the striking
means conprise a wirelike rod _?}946% made of electrically conducting

mat erial, pdhS EWRRAGE (RIS eh? BXE eAdCARPLs@atd t3R&% e whe (B2$ of the

i nj ectors (3@orleiFaRReCcE] L@ @fSeWeC Bl MOWtrurtd4e finequency or
radi o-frequency high AC voltage, and novenent neans allowing it to be

brought closer to or noved away fromthe vicinity of the free end (34). 5
22. The devixaed@asold aried couglyngneledficd ad45id tser2bedchartact enized in
that the free_end (3 f ithe . injector (3 has yl i ndti.cal_.or ni cal
overal | ext eftor? ha%ge. 8T8 Zegftef’#gs dg]\fl?rg:\e%)éls? c?%??rsg%é% ng(l: %i nc%f(Z)Ztgg
characterizedate t A8t the theeeheddow3sgtoictiveei j%ect Bhig305owsl bami pped

W th a pjoj R cgnt ral ﬁh%.csﬁmpéézs%& RE ReAt&rddorbbe ok Wi th
respect to the outl et 6# the injector (30), gas passage orifices(54)

ext endi ng oNNPRTeidle Foge of ('Fwads ". (54) extending on

. AL AY. AHY. AyFE. AHFE. AF. AHF. A3. Al Y. AyHF. Al F. AFY. A3. AH3. A5F. AY2. A3. Al 3. A5F. A

L)) |
'A3'A3'A3'A%h§§ K%%u%lﬁn% 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 wvia
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 conical 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
86 .

A clamping nut 98 1s 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.



78PQcdpzupkf al W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] ca]
ca] ca)] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] cRa! ps

| "hyR/ 03467] cO xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calca]ca]c
-a] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] d&] ca] ca] cal oPHITIIQsS """, %9 &) *

"}xsni d_Z]c] C a C a akgal cal ca]
caj ca] ca] ca]cf:tg’] cg] ca cg%&ﬂ'}ga}%g‘i 7L' @b%@]ﬁ Lﬁ fle lxéi%ﬁ%f h§k2q2y34'
6788888: [ with respect to the face 33B of the hollow structure 12
; } xsni d_Z] C]lea]tgﬁ]é:ch;‘saglqug]é:.a] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]-ca]
ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca!;
; h>i >>>>] 27 ?20@ @ Ax Cz CCC5 DDy EEFF%GG" HtHVH
i I eil #Ki- Lbi(s m’rrﬁb;]za@x}c@% ca]l) calethea] wrcp%h%]sf aﬂmixﬁpé@%ﬂé@a] eahoaleakcal ca] ca
cajcaJcal]c alcal ca N .
QBR RRTSTT >§<$k %ﬁf%if" ni 'ct?_i]gc\l]%] cBPRAFEET cA7ES] ca] ca] ¢
a) ca] ca] ca] c.'a?]B:a:]ﬁ:at]m]hra]]m\] jmajtoajecd]Xa] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal m
[r[[[@Db\c\o] p]]2737r~~Z \ x 6aaabbbbbbbbb7c8cocpc~c}xsnid_Z]c]ca]ca] ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]lca] calca]calc
a] ca] ca] ca! Tef efiowetliangeha®PnRRREST | [10KnVaTmesdethrah ollow

00] 0*0) ! 7] el ol alalapl o Aloal calealadlanl 0&%]&%]&%]1955903] ca] ca] ca] ¢
cajl Ca (6]

ajJ cal ca ca] cal ca] ca] ca] ca] ca] ca] cal “ooooooYpOqVqqi rrrrttu>u?uvwi&x' XX
yyzzb{{{]| |} xsnid_Y] U] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]
ca] ca] ca] ca]mad cahealsm] enjsall ad cal cahaal| |1|d24} afi¥¥adent to the

*4} CDF| HI i | mh

ca] ca) cal cal S ] AT Garon] CATHa Cat] of] cer GNPToS ARE) b B191 1] ca] o

] ca] ca] ca] caj@ad caf cah cahnalaa] da]ska]lma]vta]c&a]a:an]emqw] ca]rﬁ:ﬁ]ca] tapcal cal ca
I

] ca] ca] L% i?n%g]n%]%]?of caT S]acge] ca]fca a] car] C] ca]] ca] ca] cafca] cajcalc

a] ca] ca] ca] e} Ea @a‘f%a 88] dm]%%] ‘GB}QBWQQNWZLSS@G% B¢ ) foymedoaug’ () -

I~ 10%U& ()In kehe! 3998d) W&4()andO @1@&:@)0ute(&101{ﬁlfa>rmm%outf €he
10%& ()-LIf 6,

109AJU&' () - Lamlo%u&ﬂte) eY1ipdeie (he 1 HpRiRReS ) corYeaueE 320 ps @
6@ 310% ofiX9d 9 1196 &id])Idw & thtma’ « )12Y W €8 -scievkd )

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, particularly semi-toric,
shape, so as to reduce the risk of arcs being generated

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 structure 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
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1mpedance converter 100.

The dimensions of the impedance converter are chosen so
10 that the electromagnetic impedance of the injector 30
is roughly the same as the characteristic

electromagnetic impedance of the hollow structure 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, the preferred dimensions of the converter are
as follows: the length is between 30 and 40 mm and is
preferably 33 mm, and the outside diameter is between

20 20 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.
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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 to
circulate comprise at least one plasma torch (29) for
producing, at its outlet, a plasma in the gas for
treatment, the torch comprising an injector (30) made

of electrically conducting material mounted on a first

large face (33A) of the waveguide-forming
(12) and projecting through an orifice (26)

structure

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 1injector (30) and collaborating with a tapping (38)
borne by the waveguide-forming structure (12).
4, The device as claimed in claim 2, characterized in

that the injector (30) has a roughly cylindrical outer

35 part, in that the adjusting means are designed in the

form of a double ring coupling device (84)

said first large face (33A) of the structure

fixed to

(12),

double ring coupling device having the injector

the
(30)
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35

adjusting means (58) formlng a short circuit, and a
region (18; 80) in which the means for causing the gas
to circulate and for conveying the microwave power to

the end of the injector (30) are provided.

6. The device as claimed in claim 5, characterized in

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

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
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),
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).

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
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equal to 33 mm and an outside diameter of between 20

10 and 30 mm, preferably roughly equal to 25 mm.

11. The device as claimed in any one of the preceding

claims, <characterized in that the gap (263) is

delimited by the orifice (26) formed in said large face
15 (33B) and the outline of the injector.

12. The device as claimed in any one of claims 1 to
10, characterized in that it comprises an annular disk
(104) mounted on said second 1large 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 (105A) 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 claim 11 or 12,
characterized in that the edge of the orifice (26; 105)
30 delimiting the gap (26A; 105A4) 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
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16. The device as claimed in any one of claims 1 to
15, characterized in that it further comprises a
treatment reactor (42) mounted on the waveguide-forming
hollow structure (12) and capping the free end of the

injector (30).

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.

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).

19. The device as claimed 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.

20. The device as claimed in any one of claims 17 to
19, characterized in that the reactor (42) is equipped

with plasma-striking means (46).

21. The device as claimed in claim 20, characterized
in that the striking means comprise a wirelike rod (46)
made of electrically conducting material, particularly
tungsten, extending toward the free end (34) of the

injector (30) and connected to a source of low-
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10 23. The device as claimed in claim 22, characterized
in that the free end (34) of the injector (30) 1is
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

15 each side of this element.



