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Devices for treating gas with plasma, particularly
sustained by microwaves of this type generally comprise
a waveguide~forming hollow structure intended to be

connected to a microwave generator and means for

causing the gas 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.

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
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
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

- 30

35

unchanged and in their fundamental state. For further
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.

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) '

| ai ¢ surface (33A) of

second
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Device for treating gas with plasma The present invention relates to a

device for treating gas with plasma, in which nethod the gas for treatnent
12 April 2005

is excited by the plasna. Devices for treating gas with plasma,
particularly sustained by m crowaves of _.this type generally conprise a
wavegui de-form ng hol |l ow structure inténded to be 10 connected to a

m crowave gemdestoragmhatsanswaves . cdilsesy twagegasafor edocdate®nbyt ain
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pr edom nagnt ashp- gener at i gas argon, nitrogen, krypton, xenon,
etc.) contai ﬁ?%ﬁ‘eéggyn%gﬁ t%f’&rs{%&’r ' ffluent, a plasma within which
the initial nolecules are excited, ionized and split up into smaller
I ne and

fragnents, and, radi cal.s. These. smaller.fragnments then rec
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or decgntam nating reach the outl et of the rnstallation unchanged and in
their fdfdamental state. For further 30 details on the various devices that

al l ow the crpwéimnsanefuesdi £6¢, cBUBSIRS tHLIRILNGS caRobBar@d8chyjigEeat er
detail to thefwork ntitled "M.cr ve Excited Plasgas”, by M Misan and
J. Pelletier9 EfseW?T, H‘f&@?.o 5%ﬁfb‘}ﬁlﬁs@ﬁ1:§ﬁ§é;82§1d hdchekhg devi ce
for treati ndisydsangd hiplasem-adi ch all ows the gas to be excited by

sustaining therein an electrical discharge by neans of an electric field

associated with incident REPLACEMENT SHEET (RULE 26)
15 Other examples of such gas treatment  systems are

described in documents DE-A-44 28 418 and  US-A-
5,300,202. " 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 poo:‘cly-;
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 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.



12 April 2005 - 2 electromagnetic waves. These waves are excited by an
applier of a field, forned by the hollow structure formng a wavegui de
and which is itself fed with nicrowave power from a conventi oﬁ%IAP"IQOOS

wavegui de, also forned by the holl ow stgucture. Wien the plasma is

sust ai ned by ace ciro tic wave, the field appliers used are .
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| ow operati figdskbgsithevivhy¥eljQidqwari abl e operating conditions, 25 do have a
maj or di sadvantage in that they are poorly- or ill-suited to the treatnment
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dielectric pr rties of I S tube and disru t propag
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;

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

undergo 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



12 April 2005 - 3 To alleviate this disadvantage it is possible to use a
gas treatnent device in which the gas is converted into plasnma not in a
confined tubul ar space but in a relatiyely open vol une, spati & fipril 2005
separated fromthe 5 waveguide. In this 'case, one of the possible

arrangenmenfs_Ls that. of, a S torch supported and fed by the wavegui de.

What happeﬁ%sf% tcﬂ%t hégForagArf?edgEelgaﬂBF. sé?’? to&’hyaB;} t’ﬁ%nor_ib' af&i“é‘ﬁ‘émri oned
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that the plasma is not fornmed in the gas feed pipe of 'the torc

downst r eantR3F PRE PafeeProhierfecéngespnorasadion wdz Ampuris iks produce
such a gas treatnent device, the free end of 20 discharged into the

at nrosphere. the torch, where the plasma forns, opens into a chanber whose
mai n functTlem i ebfectnperdvi dust y twvéetionheisgases afilbsviseat mehAtsien. the
pl asma and: jve the solid deposits generated by the treatnment. The
gases thg%{%%éfgﬁ 29°3te then directed toward an outlet duct. They can
then be used as they are, or alternatively undergo a post treatnent, or
alternatively still may be 25 A known exanple of such a m crowave plasna
torch is tHe aggehdansectibh t3BY cRSPACT) . oBudther presknits ieventbed, for

exanpl e i gy ardi i at gﬁp%r' S .wavegui de-f.ed {1 crowave
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applied t he .dest ruct.i of SF6 and C2E6. However, its archjtecture is
rel ativel %Otg'gﬁlﬁss]ﬂ%aal etbooi;ln?f’ i FETROREEP uEPFBARYS & Aaveguidsmnterded and

expensi vetol rb@ddidrir@ttdd t6 35 mBbibRaved! fdndbibeuldnd omagak thS 9as
circuit well, and this represents a very serious di sadvantage when
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;
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treating gases containing inpurities or effluent whose conversion yields
danger ous gases (for exanple corrosive hal ogenated conpounds), or .
alternatively -4 12 April 2005 gases of_m_gh added val ue (krypt bhApsil 2005
xenon). Finally, the length of the AT nozzle feed pipe is quite |long, and
this may pose problens of recondensation of inpurities. The object of the
invention is to alleviate these disadvantages. In accordance with an
aspect of the pgpseldiwyeitd Ofheankhesfe i %ie@i@ﬂéi?diﬁ dﬁy‘# c? tar dfeating
gas with plasma, particularTy sustained by m™rowaves, 0 Re type

conpri si ngSErRBEhERAs: feemade ohortiien ezt aranalyusuef aoe eafledhet anfectomnect ed

to a mcro e hat.Qrl s_fqr.__causing the gas for treatnent to
circul ate tgﬁérioﬁgﬁﬂ?g?) ts‘}?'ﬂcﬁ?}g ?n%gplpé'd}%nbgﬁnﬁhibgh e Hﬁﬁ?gflggg'of t he
el ectri cal férmidgasseacated;with the incident wave is high and preferably
at a maxi num c{g}grac.t erized in that the neans for causing the gas for
treatment to citvedl P eIHpriee & reughlynecyl ivdaical clPUt@r ppattei ng,
at 1ts outhéladupt 2AFRmANSN @AM Ul rdd P PRhe (M LN, G8IBILSI NG AN
injector made of electrically conducting material nmounted on a fIrst |arge
face of thelWhveRlptengfdening fikedt tpesand [fiojsctlangée hfamghofinthei fice

made in ar a posite said first large face, a gap for the
passage o?stﬁe mc%'deﬁ%’%/va\%j:osu(%’[eiﬁ efidi’dg SPBHh&ngt hgefc""r’rjc@ctﬂf"?’l’?ﬁi sg}a%vi ce
may al so Haviedrer gpas®irgothirbagholitgwidigi shagaekannsliicsl tRkan 18
isolation ar in any technically feasible conbination: the device conprises
neans, of t&(ﬁhlfﬁqer’% B3t ald a1 oz i 33 5h GFuRkiEng nfle¥ieeswith respect to the
wavegui de formng structure; -4a 12 April 2005 - the adjusting neans are
designed in the formof a



screwt hread forned on the external surface of the injector and

col l aborating with a tapping borne by the waveguide- formng structlgziﬂﬁ5
i njector has a roughly cylindrical outer part, the adjusting meaft

designed in the formof a double- ring cpupling device fixed to said first

| arge face of the _structure, the double ring coupling device having the

i nj ector passing FRPoMGH SOl g ormind: RQimM B - yaiire shas ghfereh
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for causigg hAhg LA 0inCideidat %@%&%SC%&E%QQ«S&HQ el Oﬁ%%e pgwer to
the end of the i'njector are provided, said region IS regi on of narrowed
cross secti ofiTCebrter egfofuf srRYSRRD c?h%sm§§§PWéﬁec®%Hrs§§ athe0o part

of const ant éﬁ@%fSﬂﬁélﬂﬁjéatW@I ngetggomgagg for causing the gas to
circulate are prowd df sai d Lon o narrowed cross section extends

and
bet ween two ~ par t3¥1HheTCIHER L8P Bﬁgb?nmﬂfcﬂa?fﬁi??’@gs€§°F‘Fn§§PF§/°ntroward
the first arrd S eceanik enelg;mﬂlS of s:m:d:dvmgi chlrdnssaséeguaﬂ Dor@atiSiedNta Cr oss

section 9;1 XLen gwﬁen vvo ends vice further
corrprl ses a ’?e{)jgnggm%at CIVSW?N ch FC‘%F]%/%?t ’ém t‘"ﬁe (’te}f gﬁ?oﬁl&aﬁé“tl or
i npedance ofCétUr%lfo ashe iogecttor ciysudatentare hprovidact erandi said

el ect r omagnetdds or? 0o kMG @f c%%s""aé’@&’:’i&? e%t@n'& S]B%H& Y eedde

| npedance mat cher i-s a holl ow cylinder nade a materia I's a good

conduct or o3¢t FPEi t§oSHarisciian | ¢lofwhbpherinpronses, %ﬂﬁéﬁd&’d
coaxial ly aosund the if1jed Gind afskbend eiftigig from the second 25 large face

of the pgructure tO\garzdegSJ%rg ;.Iert rle%rl ?1 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



face; - the mcrowaves have a frequency of roughly 2.45 GHz, and the

hol | ow cyl inder has a length of between 25 mm and 40 nm pref SE%W 5
roughly equal to 30 33 mm and an outside di aneter of between 2 at 298 nmm

preferably roughly equal to 25 nm the gap is delimted by the orifice
formed in said large face and the outline of the injector; the device
conpri ses anPghtWeesr Ehskanpudesd @hski3snshi dagdc srebdrait gd shape &adehavi ng

a central orispheed whhghrbas 8ndi aaBkebrsERk! ebnkhan bhg ddiameter of the
' delimted by the central

orifice of said segcond | arge face, the gap is | .

orifice, and™a sp&g‘ér g@cg’ i stis¢ abEdtisensiqlinigomg hepgameeks t AE -

annul ar di skrandded| dpaetbodlbiflgesémncetospaceghapay fromthe edge of the
he gap is of rounded,

part cul a1 y-sen THE, SE8°LR TRt MR8 1 68 S8al T HaliR? 1 hmn and 3 i de.
t he hol | ow structthe hadlowmt Stemsttuate dmes of akt Jeaendsat andepref eiabl y at

each of thesgn@ags andl WeriaB1oa0l Sl €5t T ikl SLLL, BANLLEHLATTY Of
Teflon(r), transparent to mcrowave energy an(‘j; I'sol ati ng’ t he i Dt er nal

vol une of t hBaR8| Pdw Eiglratric imakerbaynl parfdeulgnl eyt (Mafilan®,
vwavegui de seetafisaaitendtdy mi 66R&VEVebdelgpar dnlihe iNAANGKE dgher at or
reat oAl r HRBT L5 PHGEREctf bont Phic REMEHLI BEERGHHF g ol POFSHaHRE ur e and
g o] ure an
cappi ng the dastsigind ofayt hdxionj echer ; wahvegedlde Ofseldtd difscataiiindigagt or is
cource. of oqa s T bttt pehd it opive, F RS o8 Hod P pumpi ng
the atnosp impedracer esimsitinge mseors; |
- - 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
S - 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.



t he punpi ng neans constitute nmeans of adjusting the roughly |am nar flow

of the gases at the site of the plasma; 25 - the reactor is ef%@rﬁﬁg@th
pl asma-stri king neans ; the striking nmeans conprise a wirelike of
el ectrically conducting material, particylarly tungsten, extending toward
the free end of the injector 30 and connected to a source of |owfrequency
or radi o- frequency high AC voltage, and novenent neans allowng it to be

brought cl os@thexr dieatned aury fdeantigesViveilli brcohet B ddras endod he
free end of tt@l%il%j&eicit. L NaS.2,5yldndrical, or 35 .canical overall
TR F'Pee SERTEP A i nfEit IO pfdl Wiph £f -

exterior shape;” an
proj ecti ng cexermplee| @énsht riade cewlehi ngrdaffergri@snatowi ther esypasindal t he

outlet ofsth@dieelkolin GRS passage orifices extending on each side of
this element. 12 April 2005 - 7 Qher features and advantages w || becone

apparent from thEIPYFRov n§S désceeperahicginmatisls eviewy afayaoffirstanpl e
and made wi t rbetgnenee dfo 4 hgaaprandadner: daav; RES ddMu Gy Ebggkﬁa% lis a

schematic profile view of a first enbodinent of a gas treatnent device
accordi ng t oPKERERPénti on; Figure 2 is a view from above of the device of
10 Figure 1;-Fi guF¢glres 2a ¥sew i wi&wCtim ohbpaet «of the deyies of Figure
1, Figurgs 4F%§uré3lshow various enbodi nents of the injector of the device
of Figure 1; - Figure 14 is a gas treatnent installation using a

treat nent devi ce Btgerdi iy 68 tde vimmentinonseEtgone 46 imart carfvethhow ng

the change iflevice of Figure 1;

- Figures 4 to 13 show various embodiments of the
injector 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-forming
hollow structure 12 of longitudinal shape and made of



refl ected power in the waveguide as a function of the injector height; 20

- Figure 16 is a curve showing the |evel of destruction of a E?gi r§§ {Jrgans

of the device of Figure 1, as a function of the pressure int pri20 r;

Figure 17 is a curve show ng the change gn | evel of destruction of a gas
m cr.owave power for var as flow

f ti f th t
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second enboeiviesiondda ugms tpaatmemﬂad@wlcefaa&ﬂnﬂlngl&o pheferﬂhrytlon,
and 30,55 F'agukgcl]:gngﬁilgrv'g%%g S%étj_ Uk 008 %X Of 16l %urtsﬁ pI asTa

Figures 1 and 2 schematic I'ce for treatlng gas W
accordi ng togiffﬁée’FWeﬁ%F’éﬂtEQSlaertéﬁedewﬂe hefoVaoakle Aundtiadalis eterence

10, viewsd ddprpdne sbrecangnyi smedif FgaLabgyechbegpeakiueky12The device
10 mainly consists of a wavegui de-formng hollow structure 12 of
| ongi tudi nal shape and nmade of 12 April 2005 - 8 an electrically conducting

mat eri al suiThesl tstihetueavi S.i20n&£h¢lsetw§al’6ﬁ‘elﬂi aréryd@f mtalandt 16
has a plane of s try

preferably t ngul rQss sec nd
si t uat ed in’{%}%%ﬁg@o‘f " b? £ hé{‘ 8?@ 5908 13r &f SO sl |
faces of thd&osta uniorewdge ﬁheesamwatuhuniZdepscted)opandemm@ rlend 16
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generator (not, depic
means for f&WUFF QEReﬁﬂ%?%h%rtPE@i@H@blYpaeﬁéméypyla@tGﬁdumi|ng

pl ate arranged transversely and longitudinally adjustable so
‘that the impedance can be adjusted.

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



arranged transversely and longitudinally adjustable so that the i rrpedance
can be adjusted. 15 Between the two ends 14 and. 16, the structure
conprises a region 18 of narrowed cross section concentrating %ﬁ@“‘r:’r‘?@?dent

microwaves, which region 18 conprises acentral part 20 of constant cross

section extendln bet en two. parts 22 and 24 the cross section, .20 of
whi ch i ncrea%@%eF Vé@ re andruyins 1291aRd 386 VRef¥hifhg al so

to Figure 3,ithetslvalfl1>m‘d thChofﬁée ofSt thel Ularge | Sad@§e IWPLiIfSegheat the
central part oaxial _or f|c 6 and 2 pe el through
whi ch nmeans ?ggucg‘gs%\h\gl% %agafor lrseta % $ cﬁf f”’g‘lf%‘r oé@ﬁ the
structure 12thmeughntper torafliae 2&rﬂ@ﬁ@h1nheh§tmppnaxterﬂ&xg@gfaaern

whi ch the amphi bedepf éb&ﬁt@f&rn?‘ el deRpS0gh LRI L L BEoF0ctOc! dent

wave is high, and is prefera ts nmaxinu exten € expression
" hi gh el ect rYwt f FEPH Hﬁ?l?ﬁﬂ%ﬁtP§et62be under st ood as meani ng an
anplitude of the electric 35 field that is high enough to allow the plasm

to be struq@ﬁ can, be &Sn in this F|§ure t hese nmeans consist of a

torch 29 sup ?t?elaiﬁgit?ﬁe VEGui ddt SPROnPREFEERE - aR £FO&5 i TS890 - 9

i njector 30 tdtmqarhairngwa mmmrmllﬂsegfné\eSénw aaschthat &S dapKerlbA0 one

of the jgrg ;ﬁg 3 ru r 2 and distal free d 34 which
ithrgfu qﬁse §é %é’fg% (‘ZIéJ elhe %%%%Sllfle rar Etfjacé%gfg}g% of the

passes

‘structure 1Z%dﬂqnﬁ%t@rﬁ%|%lltmpr fﬁt@@t 383 oft threomtmmrcstus’.ter Jd& wiea 12. The

inj ector 30 ia%h | PhET 9RSi3REL Qhvel CALSS §§§gu0ra17 t ghar Lass tgpard its
free end 34 t.hat a gap 26A 10 renai ns ? e orifice 6 bet ween the
i nj ector tglﬁdllﬂ?é?t&%éq tiRrdvdite drreacend34f the structure 12 via

H
P

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



whi ch the incident waves are passed along the wall of the injector 30

toward the free end 34. 15 In the exenplary enbodi ment depicteg, hptfgse
figures, the waveguide-form ng structure 12 has two coaxial orifices 26,

28 for the nounting of a single torch 2% It will be understood that it is
possible to provide a higher nunber of gu?:h orifices arranged in pairs of
20 coaxi al othe¢i destahge dmhvwtdery theofrespendl g nofibéhe dforplasamd

torches. In LHeScoRSEspbhiaiRgl iargl €08 3he BE theescptbbygengsal |y be
arranged in such a way as, n the onhe han , to spli e power equally
between the .gaps so as to create roughly identrcal plasnmas at the 25 ends

of each torctha@ndnjeatbire 3 hesmpanses t AnalilpvergepdahApeddncenr@mighi ng of
the multiipl e torches structure using adjuysti nmeans _provj ded el sewhere -
(for exgrrpl‘%h’ac}éo Bn?7dn Prrer"?F‘EmgHGr FlEFng‘it@%n&h&s e

t hree- screw catrodrergd wht b Feeef [airedh 30F poser fpieftrieatinedtessviidim 1% of
t he incident Bgy@ . I r e, ~the deyice 10 conprises neans of adjusting
t he axi al pOsSI |oén %4:éjtrlg|£€il$%)ée%t%?&3%t%¥th respect to the structure 12;
these being in the formof a 35 screwthread 36 forned in the external

peripheral aurfage a&ttaﬁa&&%,”a'tl{eegifﬁjégt% the InjgctoL andce :
col laborating with a tapping in a _nut 38 borne by the structure 5 It is
thus pod¥i b|°é>r’c%%9ﬁ%t°€raec%%+i§d&20%rHlb\zbes poxtiophexgesdesc &ybet veen

the free ena 3ﬂﬁﬁfaléhanf0k§*1iaﬂﬂi:ida*le 68" r@é@ﬂegin?o&@faﬂf@sﬁeﬁ%ﬁof t he
structure 12. The jnjector 30 ri.ses an interna uct 40 throu 5
which the g&89PS &R neht tR igggﬁfle?}gt'hi]sg duc'{r:h%e h‘@m‘éﬁﬁﬁe&’ﬁe(‘f%@o a feed
source of gadrtodatr eatifite W6 chormedr de hahendtadpenfdepi ci€£dthaAs an
alternative,,the .injectr s.a ba Q.consistin a_cyl indrical
tubul ar por i gﬁge%tser@&q{ﬁ/ég Q%z ?‘égo?ﬁ%yhlnrgﬂric%a %argc%é\%cﬁl ¥f)“\‘?lgurial I
ext eri ok enough width for the microwave power to be conducted

out of the guide toward the tip of the nozzle. The

width is large enough 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



shape (Figs. 4 to 12 and Fig. 19). The diameter of the <circular orifice 26
formed in the large face of the guide is tailored to give thejghpgaoss gap
26A a snmall 15 enough width for the m crowave power to be conducted out of
the guide toward the tip of the nozzle. ,Jhe wdth is |arge enough to avoid
the risk of arcs bein ener ated between the injector 30 and the
wavegui de. 26°TRBIWEIOR dthe HeeqrrpeA2i sanhiot- ciamptiatactowandithm and 3
nm The devi eaviPonmenti 8es tawhigatABNhi Feawhok g%n@QQQb%dGOQn t he
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. Thewwhllbefndther tdmttdhed? edst evy142drd dalUedl edupepadous!y
on the stgu g Coani cate | t 0 the_intern vol une of .said
structuréiv?ﬁyfﬁeéé??gﬁ?ar g%ﬁ g&g%ﬁ%iék edogyatﬁgﬁ¥6%§n%9n%%cﬁﬁﬂ t he
orifice 26. YPe?efigdrea, ofsapprepsisteucoeldnar &laick el mstdowhté yis 35 by
the two pl atest ddepbeeedf . dielectric material, preferably of Teflon(r), and
which are transparent to microwave energy. These two plates 43 thus form
"w ndows" for the mcrowaves, whereas corrosive or harnful gas that m ght
be present iIttaksstbeatrsrea BlakhaAREtd2008 -mddbef 0gLBY gheamitha-Heact or

42 cann (o} o] the envjronnent o ward the m crowave

gener at g;o 60#%26% I‘Wg?ggﬁger gg(’:’tdé'rc(%i?q srct‘ill4'§drff8§l SXAAPIGUITARY 5
wi th cool i nPhetwagstan; hextendiol ateeatd44heonfised edntlo 3 SOEr Ghedf
appropriate j deeg fdi gdhét uLce | plcted). 1t _also bears a
pl asma striﬁ?ﬁginenber des%ggggéﬁné%%eCEﬁgﬂg%ﬁ%fo 8a§mﬁ?§i?§§q@§ﬁﬁﬁkting
rod 46, for Bxanprdinnieegnengyrgstitigh ex®6ndi vgltagar d Sherde ee (@t 34 of

the injectdepilctiedg .t anglhs arskh copneet dndi®rad WY dH SAN68R¥nt 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.



or radio-frequency high AC voltage source (not depicted). This rod 46 is

equi pped with novenment neans 15 (not depicted) allowing it to Ei \Mltzgﬁ{ awn
fromthe vicinity of the free end 34 once the discharge has b APl t ed.

A pipe 48 is connected to the reactor 42.to collect the 20 gases after
t hey have passed through the plasm, whitéh pipe is, in this exanple, .
provi ded wit Foreassa®dplef fhumpiregcitor adZospheristsn blfe aractlaminign Wil |

be under st 00¢ 1iRRIEAUE 4B APV, ¢ %rgg%g_s ' torch 29 to
be isol ated %ryonﬁt e external eﬁA\ﬂPr onr(rfte}nt an gﬁedcﬁéﬁ?%t%gﬁ for the
remai nder of the treatnent process. The dinensions of the chanber of the—

reactor 42 need difis 36ads, | ehee RAGHHY NRbadd doShuRle tie gapdihiong of
sustai ning a,plasma which it.is desired be_stable and, symretric, either by
parasiticcolif i H5Gf ERe mﬁilE‘Fﬁw?vaegéﬁerg}ow t FopPHdthemiSs SLasfe WRanber,
or by degradamioarotohiiétiondi titonheofsifdeowfofthiehgigasnaneflamdé he torch 29.
However, the dinensions of the chanber of. the reactor 42 need to remain
smal | enough to keep the device as a whole conpact. 12 April 2005 - 12 For
exanpl e, theCfegpugseq2usensiest deooimade afurgmratexydimdesiabout £26Bemm i n

di amet er andc4R8Ba8Whkak! - Ji (S C%ﬁ(’:’it&he i%’”PhBE ”%F‘”%?%*i‘ﬁ%ib@
general to he used to maintain gas ow conditions close“to am nar
condi ti ol atilFREVEPERIBF the plasma flame. OF course, use may be made of
greater dinmensions if the conpactness of the entity is not a prohibitive
10 di sadvant s, when use is made of a | arge, sized reactor, the

e. Th S
cool i ng means way BESBmt R S1 Pt efel@fdE (D EPured st Yo 188t he
free end of ¢oeling|medans By dbetdmiptadm torch nay have vari ous

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



configurations. Specifically, whereas in the exenplary enbodi nrent 20

descri bed schematically with reference to Figures 1 to 3, the b'nAec[rz%S has
a conical exterior shape, it may just as easily have a cyllndrlc
exterior shape as depict ed in Fi gure_51325 The free end of the nozzle has

a dianeter o ref rably ual. to 4 nm For. _a higher
di aneter, thEa: ??:télg{?%ﬁ?i gﬂé det eFFgﬁgfgd Pﬁg{:ﬁgt EFESPEEEFR S um
does not cov&’?-th?)@eﬁﬁ@cén!:pr Gh@pemnwm dr gaimal | er di aneter val ues, the

resulting increase in the speed for gas for treatnent decreases the _
resi dence tlne of its species in the plasma and therefore the 35 |evel of
dest ruct i on. &Pt igaVisd g nin hihe WQ%J%tB%QQUeW ©h & silhgl she

openi ng, S hefpeasead wistthekihfedtoreHa Hf c&deMBhi 1£i20052 - L3 cing
trically w.th respect to t he

ci rcunferenc Ls th refore ed ecce

stream of gagthglagm Cpifd= ri"q"tsfél‘gx%pfzg§ 8716 G\ &% weZ2de - tRE 5
free end of the q‘:ﬁljl@x:eomfhia]seagaenstataami.p 52 forcing the plasma to fix
itself on the axis of the nozzle, at the centre of the gas stream In this
case, the free end 34 of the injector has a set 10 of gas passage
orifices, subth BRiS/casgesttheufrgeusnntond pfalthe irdjecsnt rhstapsse, there

bei ng fQO exXaMy£s 2, pﬁs@ég@ (('%99!‘1@%57 Sued LL) st heéfs&f)lbu&%@ an

injector of the "s owerbhea g/ 5 As an alternati've, as depicfed in
Fi gures 12 aﬁfh‘%'m % h8Peuht rth |C[?r!§"25q]s E&pl avd We&”etIPGSGgf ofed ng t he
bridge nounteehngild h2, f Beerend 3(4‘16&-.11%&6 7D ectohd A19asof @Rl to

installatio I o devi 20 has, | ust been described w |
' now be desc;tl %gga\?\nytlﬁl% er &nc ?} fpad” "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 the torches 29



As can be seen in this Figure 14, the device 10 conprises two torches 29
capped by a single reactor 42, which opens into a gas coll ect hér)n lglz%g 48.
As an alternative, it is obviously possible to have one react Apith 2083 o
individual torch. One of the free ends 1§ of the waveguide structure 12 is
equi pped with an end plate formng a nobile short circuit 5.8 for

adj usting t hEPPRpddeH R ETRP cbFing&téagudsheddeiicevhey the ABpedenss its

position w thadchiiig Sis Usdslr €ok2. inTheh&ppesibesest IWeisgCcannasked . to a
6. nci d I Crowaves Vi a circul at or

power gener [ gengrat.i ng the i ent

62, of -conv% ?onﬁ?i)‘?yp% aﬂ‘r}’%pﬁ%‘f];aﬁﬁ%te%q g t e  §ERBCAESr &8%inst —
the power reféEtectellypbwert drchesd@fidd Amioitd 2085 ctdd) abehghdd® pbasma is
exti ngui shed s Lhe i aped ' ' r_or.in the.process of
bei ng adj%ustalé]:cz;lgé eggjé%esg gtgﬁe%c%%regtﬁ&;ﬁ}rm %g #ésvfcggt?%%?%?&tﬁﬁgﬁr &f | ect ed
power to a deRNPEee(Abtwabpreted) designed to 5 absorb this power, for
exanpl e a device equi pped with a charge of water. Directional couplers 64
are also inserted pbetween the circulator 62 and the device 10 so as to tap
of f a 10 detrIFREHCRrhcCPYRISHS: e pBRer i AgserksdghatecmalBgui de,

so as to deteimukPatés 62l uend Thd naéaitat ixm ks sawplenerisdose ngans of
15 bei ng

f eedi ng, 4t hey devi ce L th qgas for treatnment (these, neans not

depi ct e(]i?, c%eﬂ:neeﬁg?le%é?o\yf R& tggflch%g sge Aﬁo‘gﬁgnﬁ%?%lré%plt%fgf’%‘n Hret he
treat nent dedEvwRgwideh shass |ustddeermiescitbedabizbl now be described with
reference to Figures 15 to 17 for the destruction of 20 C2F6. The i nci dent
m crowaves have a frequency of 2.4 GHz. The nobile short circuit 58

nount ed on fIRe ftBetahgatEonofig heupplemented by swansp oft fidedinde

ir_rped‘ance‘ the device 10 with gas for treatment (these means not
15 - 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
20 CyF¢.

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;
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

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



25 matching and mnimze the reflected power. It has been found that, with

t he wavegui de torch device according to the invention,a very | ey glqll%ggsfor
t he power reflected to the generator can be obtained after % the

nobil e short circuit 58 has been adjusted. Optionally, a three-screw

i mpedance matching (not depicted) may be tnstalled on the wavegui de on the
m crowave payer egiry vatisé deadeditweai: t hendi regkéonalt gy BsBe 64c@nd t he
device 14 sq as; tiozi nprpye trbe% e%%e%dj ust nent . Eurt ktl:?{%._nore 23S & be seen
in Figure 1§r,‘lacf?us?ing Fhe h%lgtwsep%%%]ftionof | irﬁec o W th
respect to exdmnpisper ther fawaglsf by flazeb88Beennst 8 wresandnebnls a® Aprit

2005 - 15 ofhyey didfeAdhistieptognd makes it possible to mnimze the
reflected power. In this particular exanple, the height nay be between 2.8

cm and 431 cm ~and is preferably 3.4 cm The pressure inside the reactor 42
i s adj ust ed Mtd NgrebBarpUNRJIGESTEAAS Sbdddatir 821)iS0aagutbedvaididdre

devel opnent qf an electric arc g%then the nozzle of the torcg 29 and the
wal | of the cPBPPAB9 PR ag V10 F19%bFail aSPl &Fm nafVPistEift e, for

a given m criewaleomewsr odngm ¢éleakticbermot bdtiwbah, tiHe thezplessifi e
i nsi de the a 42,5S d, of t i.ncj.gde 15 m_crowaves
T A P SO PR S

has to be reduced according or )
st abl e. 1@V t ffor efodrtérice too Mplpsma 16that ciéa betabda.thfprthe given

microwave power range.

It will be noted that, if the 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



-

pressure in the reactor 42 al so has an influence on the 20 |evel of
destruction of C2F6. Thus, in order to keep the plasma acceptapj X a4 €.
to avoid the risk of arcs appearing, and be able to nmintain a sufficient
l.evel of power to reach the 25 desired l.gvel of destruction, work is
preferably carried out at _pressures bet'ween 800 hPa (600 Torr) and 866
hPa (650 Tor r3esEfkion o8Pt sit dgr vedessmty atd ngaise the gower in 30

the | evel of tdesiy waidlomHf2d8F =23 function of the incident nicrowave
power, for C2F6 diluted to 1% in nitrogen, this being given for various

nitrogen flow rates. It can be seen that., at a lowflowrate (5.0 liteTs
per mnute) fite ¢@vehosf lestndetsnac@atinom 3bhee gy ool £04: acardest

power (1290 waltSk Sy ) the nitrogen flLowrate.is increased
to 40.0 1itoPe p)etrl n%ynute,.let\?z%su\é\,i%% t@betoﬁa%ﬁg‘é? tfgscribef oyith
destructi on F&fezegsspicalfligugesed ito tifercamerel gdaptédetor dotaph 40% To

return to a hevell oft ldeddridefi%s thp, IEBHLUCELON s A4 ol bolsn
necessary to {}a| se the power 1o as midht as )0 Viatts. It can now Be
under st ood f FBfn % of2b%i ABSt Fe tHesorbedemicirayayendiawans Theshe

devi ce describsdlust lareef poened Ak dddURS thd OgdleFaPibg @,q;apg??iag obtain
altering the ow rate

a | evel qof ' kon of C2 close.to 100% b
and t helggso(sgggi%g%}rlg \%/]e‘ﬁO ogg‘re. L?ﬁé‘géiowlneé’tﬁ t%‘earterefﬂﬁe‘%fg%"&%d Y the
gener ati on othab| i §hel0 mhdgpinating produced briankdews of-dale ot eated

gases, in tddtnddepha | pr'g%g?ﬁ?d i the, reactor 42 downstream of the
torch 29 rather_than in'%{%eol:%?pe. eedizr'?g fﬁghﬁgvim R ghler &ipre
treatment .. Heeing dihe dessieriowl th coasiefef obreatmehe. to bl ock this pipe
.or: alter its internal geonetry. They nay al so be easily recovered in that

t hese ducts of .. )
pig cIthe solid residues are ther_efore unable to block this

pipe or alter its intermal géometry. 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



deconposition accunmulate in the bottomof the reactor 42. 20 Furthernore,

this perfornmance i s obtained by neans of a gas treatnent deviﬁfAéﬁggbging
to the invention which is of a sinple and therefore inexpensive structure

in that the neans provided for applying the electric field 25 associ ated
with the incident electromagnetic wave afe—greatly sinplified by conparison
with those wisith tiie chrophas@tienCRes WhEcHenar aldanh i PPeero¥bi hesat the
same tinme rengining-high effective. 30 Fi es 18 d 19 depict a second
enbodi ment o é:lré:’gvlieg tg%lt?éartd‘feﬁaé" ;%'et & IS‘II%T ]1862' that which

follows., only the differences by conmparison with the first enbodi nent -
w 'l be describedy, e elermnd sl ar .hose, pf -fjrst I ment
bear identical SSF}eferé%%es.S%%iggge%igégfgggb%%$ﬁ§%%gﬁikd§f%ﬁpgggucture
12 borne by tHOs@ppdicesl gbe 28. ofh&hrohrdwows stasicimveends.a regi on 12
April 2005 - 17 80 the cross section of which is identical across its

entire Iengtg gft%§%; the two ends 14, 16. The support plate 79 has a
t appi ng 82 cBafoAPi it i%heCOBPLBI o FoNillEs S, 198 S6remed HeliQwEREFuct ure

12. A doubl etappgngog? i myddexited® #15om6 CEBWEGPpYHi tdi §idbapE nend2 and
extends fro o] si,te side pof-1he |late 79 tqQ.the_hollow structure 12.
Thi s coupliggi%gedge?céx%4ﬁbg kﬁ% o%efﬂggmgﬁﬁﬁhaﬂ%etegﬁﬁﬁr T under
t he namd®f devwagel dek(iF" . katws geupl sag deli carkéteahpEbsesexanysse body

86 roughly uwhddPersdapsnof of hg&%&gigak@nder. 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
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'.



external screwhread 90 and an interior conical surface 20 92 which
narrows toward the support. 25 30 35 The device 84 further conpfjagf2obso
rings 94, 96 of frustoconical shape arranged coaxially with respect to

each other and with respect to the base bgdy 86. The frustoconical surface
ssed against the frustoconical surface 92 of

of the first rj 94 is pr
the base body éfg%lrﬂ(l% San%ﬁg?\'dsﬁ’ﬂf’n 89fs ther i@huntof t hbeeimgestior 30
screwt hread 90vdHY ndsrgpst tthe thesfacéng3BlobetnBeRotiNew SRSQRG JHg P6 and

ext ends

the base body 86.cnihe ddi£6:¢ 30 conprises a cylindrical part an
through the nut 98, the two rings 94, 96 and the base body 86. The -
injector 30 is fixed axially by radial clanping of the first ring 94

agai nst a 5cylihrdrdealedard efriher IHO%%Eg%ie%Q-eac g}xﬁg)%hgémggﬁ clbgi'%é‘gfert o the

Conti nuous adj,yust nent of the hei ght of
face 33B of thlé%hﬁx(ﬁﬂo Q1 Jeher dnterips shu§apessifhlthe Sophesiltwi Cackd
further conpri3$@sodinthephdanos ediveithel 1300 fixed on the interior surface

of the opposite face 33B of the hollow structure 12. The i npedance
converter 100 is essentially a hollow 10 cylinder 102 arranged coaxially

around the tofBR 20wpeftnesnd ahveriterhollbow wy! icdem thQ2 BAj acenpb1 it he
opposi t e f@aces33Bn88PPIHSE FLXEN 04_in the _formof an annul ar
di sk i n whi chcg cent rajl"b%r‘?f?%%b§558‘i’ggl§§l%%d%r?'(ﬂ]gt FBepASTEHe 28F t he
fixing holes 106 (one of which is visible) are-forned

injector 30. Three
o Iei nder .

in the base IfHe apdadist richukechanibRr W i20QYt 1h8 958 the
The i npedance onv.etrte% 100 j.s .
- Opposite iace 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 g’enérated

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 struc_ture 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



fixed to the hollow structure 12 by three screws 108. 20 25 It is to be
noted that the central orifice 105 of the base 104 has a dlaneﬁgbnﬁkbﬁhtly
smal l er than the diameter of the orifice 26 of the structure. Thus

two orifices 26, 105 are decoupl ed fron1an el ectromagneti ¢ standpoi nt and
the conveying of the nicrowave power “td%the end 34 of the injector 3.0 is,
at the site tife dppowiitel dese263ELGMA nines oded@sslingt ehal ingedynicee gap

105A present caelueeR, e ELbRe . 105 700 LReLES! Of 30 The, egge of

the central orifice 1.05 is of roun partlc hape
so as to redH@&rpwévﬁl§Re§gYaF§sCerﬁgngénerated betmeen t he edge and the
i nj ector 30 35 The fixing base 104 further conprises a circular axial rim

112 on it rfac e faci ng rd the o 05|te face 33B of the hol | ow
structur 12 nTﬁ 1F|WP¥12 hé es BHETQWaNSt &ovRF the £PRi ng

base 104. Thieitei noflxhd Ordi]%cﬂaa‘:‘r@ﬁacerigﬁpa@tégﬂﬁhédfliﬁhmﬁlgasﬁ 104naway

from12 April 1 t he, opp te face 33B and thus decoupling the
i npedance mé ?%r %%HY?5%1$ gahollom/structure 12 as far as m crowave

energy is concerned 5 1n this way, the passage of the m crowave power to

the "site ofrhbcathacharge bp URLCLLANMNIY ALyJy Ll o ladance conver ter

100. The di nensi ons of ance converteéer aré sSén so
el ect r otdgnethti ﬁﬁedmtefowq%cecmpeéence odudths thdestmoer a30t he

characteri stisg ekeﬁth?BQHQMéilnﬁﬁﬂénceéH th@h@°"@ﬂé¥&&5§fﬁ§%ﬁ? The
i npedance coggerter IS for exanpl of cdﬁp 15 or brass but may be
holiow s

made of any TRTEH A& q smg’eﬁﬂfdz £'the

tructure 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,rthe 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 '

20 206 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.



conductor of electricity. For a mcrowave frequency of 2.45 GHz, the
preferred dinensions of the converter are as follows: the |en9ih_ﬁﬁw05
between 30 and 40 nmand is preferably 33 mm and the outside dlaneter i's
between 20 mmand_30 mmand is preferably.25 nm The way in which the
devi ce accor #n§2/35FHé second embodi-meéRt ~works is S|ﬁ?¥éFRP&/Pﬁé9ﬁorking
of the device according to the first ¢ ﬁ I ment. The second enbodi nent of
t he device according to the inventiot f a part|cularly sinmpl e
structure and has a |ow cost of manufacture. 12 April 2005 WO 02/ 35575 -
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particul arly sust ai ned_by m crowaves conprisin
structure (1PRrEaFHiagly wevegained | r’R}’End@dﬂtQﬁaé@Soonr@‘ct ebheo &YRPcrowave

gener at ors ( 6@bmp@cmglﬂ§aas HoAQow Ot L@dEhPE 1(h9) g%%rirﬁhgt r&%aeetgu&ae
circul ate thro ids region in which the Iltgge of the

ﬁoructure in
el ectrical fiLB Q?goéPa %ncrl'?cirﬁ?‘ihﬁol Ac FMEEAOYREFe qeé‘%’ Bnd

“preferably atnd nmaanmm(ZQphc’froacteauéedgl rtli@ababh&dliealﬁi-e%mmgimlstﬁg t he

at its outlet,
i nj ector (SOFhﬁa@mplituﬂeelcefctthealellyacmmehsﬁﬂt i igehdit esselcimhed editn a

frst bl gechacent 3l o be .40MAGH dend OpPLEC- SDLUCLYT & d 2l

projecting through an orifice (26) Ina second |arge fac
opposi te sai PITISEETHAYE JF%thatat@@p“{%ﬁ Hoy5 Apaneing hEhga gayetdf t he
i nci dent wWaveSrcwZlhiaxt eadpPdsar agndi ddet i BheCifllasmd0)toreh ThR9JEVESE as

claimed in claimil, char%ct eElzed |£|etthat ptla%(r)nréprluslestﬂea a§36 38; 84)

of . adj usti nd M ucing, s~ out .
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

[ ' I h f d ,
oes, 10 o cpkeLgisomtise.gh Lo SPeBLas LorsT ool o prsdheina.

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, characterlzed 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)



axial position of the injector (30) with respect to the 25

wavegui de-form ng structure (12). 30 3. The device as clained 'i%‘A@Jil%?B 2,
characterized in that the adjusting neans are designed in the formof a
screwt hread (36) forned on the external rface of the injector (30) and

col |l aborating with a tﬁg‘gi ng{e(38) bor ne t he wavegui de-form ng structure
(12). 4. The YW a5REPERed tiin @i #2.E reritdr Eyddndnicafatpartte

i nj ector (30)ishasighteneghlnadidindrdoed M@rc&%pﬁ{é ,dé:ﬁé@a'fg,?fl_e _
adjusting neans are designed in the formof a doubl™e ring coupling device
(84) fixed to said first large face (33A) of the structure (12), the -

doubl e ring Goupl T dewice kevialguinesd | hh eahprof30p £ 121 APk 12005 4, 21
passi ng téro ' g that [0 cylindrical rt. is.tightened

radial ['y ont O@Jsa;;aic?t(%&%ﬂdqn T evi%gét?84§/}l}é5.waf‘ﬁ%gﬂg fobonmingy; ﬁ?@gﬁ'ioﬁ’ any
one of clai MStFucFge Sléﬁarlﬁtﬁt efi zBlrsh tdrd (Rd)wairegendedf arori bg hol | ow

structure (l2pnhested idstrpddnfdfdwhobended Qo%e((f%’qne ﬁeggéfﬁgti@%
0 be

m crowave generatar (60) n opposite sécond en inten
equi pped vvitﬁef:ﬁﬁgdf%‘éig “a@j u’s‘?‘??&d%aﬁ§ bsgequimpady vl ghoimpeidpoget, and
a 10 regi on A&d8ns8Angi medrich (589 nEaRGiA§’ Ladhbpd tde-&asc, t Qi rqul ate
and for nveyjng t m grQwave power to the end of the injector (30) are
pr ovi de&?d)G.g}IA‘ﬁggﬁe\?iggé ?g?cllerﬁ r?@ﬁlv‘f\ﬁh %ﬁlﬁi BranscheratPMS A8l Fe 935t hat

sai d regi on ¥8 gixrsgilese( BIA ofonacooweyitiosishe spitionavé. phwardersce as
claimed in ctRbeRd sharRst £14zed,in at _.sajd region (18) of narrowed

cross section 20 conprises a 'Jbart %286&&%%@?3% g'?:crqbss section in which
the neans (29) for causing the gas to circulate are provided, and in that

sai d region @f naTheveskiEOSss SESIMEA At @AEINDE!L VeRR LR HASS (B2 24)

the cro . . .
$8 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



section of which.increases linearly toward the first 25 and second ends

(14, 16). 8. The device as clainmed in claim5, characterized iy abhahosai d
region is a region (80) of constant cross section which extends between
said two ends (14, 16), 30 and in that the device further conprises an

i npedance matcher (100) which conver f's?ghe el ectromagneti c ‘i npedance of
t he pl asma i ”oastia? 1Sy sd¥sandit ohé hénjebaoact(@)st i andl et enfibgy etfrom

i npedance of e egui de-f or m st ure £12). 35.9. The deyi as
clainmed in cF%?h1ﬁg%§ arag (3 FZQ%Q%% {¢gﬁ)tﬁ%éiﬁ%ﬁﬂa%gguﬁgygﬁér%?%gO) is a
hol | ow cyl i ndewar@l Gaidrddaséf laneet deicgl (B3&) i s a good conductor of -
electricity, particularly of copper or brass, arranged 12 April 2005 - 22
coaxially_around the injector (3Q),. and extending from the second | arge
face (338 oftOrheTder fVilCe ER2)ClaiRd dsFrinrdt FRRERCEEERZE43AR. 5 10.

Ehe dev}ce athataimmbirﬁg&g&ﬁﬁ&bschﬁaaﬁteaizq&#@heﬂdﬁﬁl??e ﬁbﬁ?ﬁmgves
ave a frequen rou y. 2,45 .. gnd in that .the ho W | nder
(102) has a %rgﬁg%%f agémk%ntggt%}c’g‘oi% Cﬁﬁé?@?‘ébl(}o%u%? Qequal
t o 33 nm andlengtht sifiebdiaaene250mbeimkea02dm, 1@ mrfer3bIiym roughéyabl vy

roughly equa 2 ﬂﬂg _ [ I 'ﬂgg ln a h
pr ecedi ng c%gpﬁé,ﬁé ar%g%%rggghqsﬁ ?ﬁggigﬁeaigap %€%A§¥igﬂ§:e€?%1 8d by
t he ori fite ¢ré)3Pormedrrafsnpblyargaghireequsl( 89BESamm-t he outline of the
injector. 12. The device as clained in any one of clains 1 to 10,

characterized in that it_conprizﬁéfan annul ar di sk -(104) nounted on said
second | ar gelt ace™®38pViRE 3§ IMeds ide Yl OBRi Pitcdhe iesRf P has a
di ameter sn@ldfms| haghbitacticativedr ofn t hehati fitde: (2fapof (28 sesond

I_a{_,r ge face (ég‘ﬁmiéé'dtﬂ?t tﬂgeogggiééo?é‘}i)l %omed 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, 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



delimted by the central orifice (105), and in that a spacer piece (112)
is placed between the annular disk 25 (104) and said second |ajgg,t396s
(33B) spaced away from the edge of the central orifice (105). 13. The
device as clainmed in claim1l1l or 12, characterized in that the edge of the
orifice (26; 105) 30 delimting the gap2$26A; 105A) is of rounded,

particul arly(sgm -197i C,arfhapgefbhablife deVi 88cBS & aidRd Neady,ong of
claims 1 to 13, cha{ cterized i éha thehga%'ag:lZGA; 105'6% | s Sf bﬁtween 1
mm and 3 mm WBEOW15 43phemagsi &F adietef i Fifls PABhECHI AT

cl ai rs dependént Teif ladr#® m Streahapaceaci zah | nmi babwhkre Raldmyy standture —
(12) has, at. . e of ] ds 12 Apri 5.- .23 (14 and
preferably a%ggg%l%l%% %Eleesei%%%é?gg V\?\n“lLHH‘gW?%S%Q%aa—le‘) lo Wdi%?%%%?‘i)l%e

mat eri al ,> pafi2tul | ya ofoudilon@estighgnspavenftrom ntbeowwecentdgy and

| sol ating thgetpl&hBal e ¥OLYAENST At iAW ST RUGLHE PhElahi fodataughl y

gastight way fromthe wavegui de secCtions extending respectjvely toward the
m crowave g8RREEREPT (861 ardd Swrad: kbe ApRpdc e GUBS HSdBerns (58) .
10 16. The desygre as clainmed in any one of clainms 1 to 15, characterized in
that it further conprises a treatnent reactor (42) nounted on the

wavegui de-form ng hollow structure (12) and capping the free end of the

i nj ectorl 30}6. 17Thd heesdviecaasascithamadd im ah@i wnkS, of hedadiner ilzade i n
that ‘the waljsof &g drealizah eACt Phal42) ol S rufdldr ilo ALl pped
with a cool ing coi ]f ? I'n comuni catron W th & source of cooling fluid.
18. The devitxeatmenti neActor e{éhbrmonnted chaitime wevesvd der faymimgt eri zed

in that it fugdhGl SEPRELESE (TRINSddWafhi Ry TehBd dhk abA@sBkerad n the

_t rieat ment :

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-



reactor (42). 19. The device as clained in claim 18, characterized in that
t he punpi ng neans constitute neans of adjusting the roughly I ﬁn nl}?}; 6% ow
of the gases at the site of the plasma. 30 20. The device as APwed3 n
any one of clainms 17 to 19, characterlé din that the reactor (42) is

equi pped with plasma-striking nmeans (4 ? "35 21. The device as clained in
cl ai m 20, chédrgeuencyedon n nagio-tinedtendy nqiigansAConpeltage, wi aedi ke rod

(46) made ofnooktehtl Gldns CONEME g i ul ar, tungst.en,
ext endi ng toméﬁd the fr%e eﬁﬁ 34%ﬁ@ 1Fﬁg§flﬁi¢%?g?b?E did x&dﬁﬁeéged to a

source of | oWPYSAARFRY 68§-th?4V1FF€&ﬁ¥n8§ e &S ﬁP@hd@ﬁdy high AC —

vol tage, and novenent neans allowing it to be brought closer to or noved

away fromth i clpity, of. the fre end 5 22. The _devi ce as c#alned in
any one O ?al rrslr %t €9 cAdr § F n2PKatoFheof r é)éaé'ﬁ?? (84¥%0f the

i nj ector (30)21hascfailt@¢t¢m:;@m igr t:hantca:lheovéralel epdt e(3dr ofapehell 23.
The devi ce a§g§é§tﬂ?d t@OPI % %?%lggEg iedor'ncBH ﬁh &é§§ fngz(34)

of the inject eqU|ppe a prolect|ng cen enen
56) for cen?éFPﬁ§°¥h§hﬁpﬁsna with respect to the outlet of the injector
(30), gas passage orifices (54) extending on 15 each side of this el enent.

10 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

15 each side of this element.





