WO 2007/099081PCT/EP2007/051811 1 METHOD FOR TREATING
EFFLUENTS CONTAINING FLUOROCOMPOUNDS LIKE PFC AND HFC

T invention relates to a method for destroying 5 effluents
ié‘gﬁi%ﬁﬁ%gn&gg reactor, the said effluentg being transported tﬁﬁ%%%mﬂm

least one pump towards plasma means capable of destroying at least

MEBMAINEYR NLkEHT NG | ecvlesuktteerfiucd nateck(PHREPaNDs LIXE prC AND HFC

hydrofluorocarbon (HFC) type, between the fluorine and the other

elements of these 10 molecules, in order to generate first species which

are then converted to second gaseous, liquid or solid species before

it ticr of thésel secorid- species avitredryor wetpblifyingfmeads stsoving

5 Vadegssystemsfordastroyingfiuoringseentaining compoyndsdssying from, .

reactors for etching or chemical vapour depositionofthinfilms,particularly in
SemiICORaUco? ProddGisH urits, afcidoviiih e towards plasma means
Iit@a&&él&eeﬁ@rmmlepat@tlalS-Aqﬁ%ﬁ?B@zE@i({I'_hﬁsms in molecules
flugenersRNaiIpe cyppaUOds May e used for, olehing exising. Bims o,
depositing new films, for cleaning the reactors used for this etching or

depBsiion°féreRampiE) 254ATHhESe RhBWHNSYsteimsT ogyjgeeot aird§ these
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then converted to second gaseous, liguid or solid species
Dbefore interaction of these second species with dry or wet

purifying means.

Various systems for destroying flucrine-containing
compounds issuing from reactors for etching or chemical
vapour  deposition of thin films, particularly in
semiconductor  production units, are known in the
literature. See for exanple patent US~A-5965786.
(These fluorine-containing compounds may be used for
etching existing films, for depositing new Ffilms,  for
cleaning the reactors used for this etching or deposition,

for example.)

In these known systems, oxygen or air is usually injected
into the gas containing PFCs or HFCs before their
introduction into the plasma, in order to generate products
such as Fp, COF2, 80,F,, S0F., etc. at the prlasma outlet,
However, these products are themselves difficult to destroy
subsequently, and today, a person skilled in the art would
wish to obtain, at the plasma outlet, products that are
easier and less costly to destroy, particularly products
which can be withdrawn from the offgases leaving the plasma

by a simple water scrubbing (or cther solution well known
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introduction into the plasma, in order to generate products such as F2,
COF2, S02F2, SOF4, etc. at the plasma outlet. However, these products

are themselves difficult to destroy 30 subsequently, and today, a person
siviﬁezg%ﬂ &5t would wish to obtain, a# the plasma outlet, p"r%”ﬁ/& (Rl e

are easier and less costly to destroy, particularly products which can be
WtRBWRTTTOH 11 GRS IShing e plasaroy™d SmplEwata® 2nines,

scrabbing. (or other solution well known WO
2007/099081PCT4T2007/051811 2 per se to a person skilled in the art,
such as amines, etc.). A person skilled in the art thereby wishes to be able

to B uséxhese sérubbing Systéhns, amichtimayasptionatiyde dentiadizeddbe to
delogalized.and/of splidseastive adsorents fhat are more commop and 1o

less costlylthan dthose requge(lj in tpe case of oxy /en converflon ‘
Chgﬁﬁﬁﬁf ize oxr elocalized, gn oxr solid reactive
adsorbents that are more common and less costly than those

required in the case of oxygen conversion chemistry.

Today, in the effluent destruction systems used at the exit
of an etching machine, and after the pumps, conveying the
product issuing fiom, the etching chamber (cleaning or
etching} at atmospheric pressure, oxygen is injected just
before the entry of these effluents into the plasma system,
and the abovementioned species are recovered and partially
removed with a “dry” pollution control system {generally
solid alkali reactive adsorbents) optionally followed by a

wet pollution control system.

However, the system for cooling the gases issuing from the
plasma system, in a heat exchanger, directly to a
temperature of about 20°C, causes the creation of solid

particles which mayv clog the system.

In other alternative embodiments, the gases issuing from a
CVDh  type of deposition chamber, particularly after the
cleaning of the chamber using products of the PFC or HFC
type which follows the deposition step, are treated at the
outlet of the primary pumps in a plasma system after oxygen
injection just kefore the introduction of these gases into
the plasma, the wastes issuing from the plasma being sent
successively through a dry pollution control system then a

wat pcllution centrol system or scrubber.
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with & "diy pollGHidH controf 558 m (gtietally SOIE 4 redefvél  carbon-
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deEdQ_sitgoanschg@berb%%rtic%larlxé?fter the cleaning of the ,chamber using
products of the PECor HFC P& witichollows the deosion dtepcargl asma

tre@ted- atthetoutletofthe primadny pufipsiémaplasma system aftenoxygen ng
30rmjecden st before e introdyction of these gases into the plasma, the ;
wastes issuing from the plasma being sent successwe%y through a §ry

polilifi& comtfol <jatsm fifen GWELPSIUGSE controPaystamiorisabbein  an

Wer2e@2099081LCTAEP20R%05184% 3 4n allinmown systams today, saig

hoyeyver, solid, carbon-containing prodycts which tend to clog the system
are gene?ate:a%by feaction Bféet]\fv%enﬁtﬁgl%%diziﬁﬁ prédGEk 025 B S8dEd 160
th& yalksestobe traate B 1ehas aiso been found thatyby ppetatinig these of

plasmassystems o, ireat cestain gffluents by a thin film, gtehi

RIS . : %‘9 pethod, g
that, inexplicably, particularly when dielectric tubes are used to confine the

pladMa‘rettion® HEATE appfoadt Suchias-88scrisad i WS A 59657882 0us
the Saiaieiglectric ttibespwermbablertodyeaksagdenty; apdyvidguatem’ s mean

instantanequsly, without anyp Iity of preventing this occurrence,

thereby causing failure and immediate shutdown of the system for treating
gaseous 15 effluents by the plasma, thereby reducing the system's mean

timechetwase fajlires, (MTBE),,1he cause obibis problam Aas been, ;... ; ¢,

di}gficult to identify bec?use the pollution control equipment manufacturer
doggause the’ pollution Control equipment manufacturer does

not know exactly which products are contained in the
effluents, which often vary during acceptance procedures,
particularly when the semiconductor manufacturer tests new

products.

After intensive research, and generally in the absence of
manufacturing acceptance and hence of the content of the
effluents, it has appeared that certain metal compounds
could be deposited on the walls of the dielectric tube
(when a confined plasma is used in a dielectric tube) or of
the chamber in general, and form a conducting layer, which,
in the case of dielectric tubkes particularly, leads to the
virtually immediate shutdown of the apparatus, because this
deposition makes the tube wall highly absorbent to

microwaves.
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20 not know exactly which products are contained in the effluents, which

often vary during acceptance procedures, particularly when the

semiconductor manufacturer tests new products. 25 After intensive

research, and generally in the absencefof manufacturing acceptance and
hence of the content of the effluents, it has appeared that certain metal
gampoynds cyld be.depasitediom theawalisiof the dielectriptubeiwhismna  the
confined plasma is used in a dielectric tube), or.of 30.t@g c]g %nbeg'n

GEREreR rPAORT & CORASANGAer HE. P Bas of AieleeHic fubsal "

ielectric tubes
partiulary, leads &g thenyriuallyimmediateishetdown of the appagaes, to  be
because this deposition makes the tuhe wall hi‘égglyéggsor ent 1o
hiicahYeBe B0Re Podsiie EBRPRRRIGH colld beTh particilar the
incompatibility of certain materials with the water vapour or other oxidizing
elements mixed with the gas to be treated hefore its infredyction intgthe +yqre
BRSARL S RE&ovdare i h%?r?%%ec?%f Fﬁ—éepl%ggﬁ'fg %?/ention, there is ©
provisleska meathad faedastioying efflientoigsuing #ofi agehstol HE g From
effluents being transported th h at least ymp AdIowards: hrough at
FladfaTheans E&Fabie b7 16 % r8§/1|t|t'18 a%t){i%gg?%ertain b%nds in ?
melastllesmfdhe Pl or BEC typebetween thesfitotine et the ofsgrable  of
elements of these molecules of the PFG. or HEC.type, in orderde gerergie: prc
fﬂ@ls%eoé’éélﬁlh%% are Slécn ggr%{t/%%&e{to second gaseous, liquid or solid
speciescheforssinterasiemol- 1% tHebeasetnad 2pEcit8 Wit dior fkgments of

pyrifying means, charactefized,jn thatat legst opg-exygengontainingorder to
c%ﬁﬁgung%iﬁﬁa%?gg upg%gream of the plasma for generg%ng the first 3
spesiesa and Ai lodst opebyerogehcontafify FERRNCRIGH Fétficihg Se°r

S_%a?n(teguigjed?g“ 81"’&15%%3”‘5‘51?98 Z%Bléém@sbuﬁéﬁétf%a%@fﬂ@@act ion of
rﬁylng means, n order to react with the first species created and.form
thaseeond spenids, sipfeast Sontd bFRthedeYsednd Y5dcieBBBingy * 09 means.

removable by, weppurifyingmeans guch asa watersesubhing:gnFesalveining
the first problem, that is, essentially how to use a scrubbm\g sygtem Wegratin
teouRbthe effuckis BREaRcBRE SpEaBsFiSsilg R R lastha I€" J

e%c’diﬂ%%o‘c§5@cies, and at least one hydrogen-containing
reagent and/or reducing agent is injected downstream of the
plasma, but upstream of the purifying means, in order to
react with the first species created and form the second
species, at least some of these second species being

removable by wet purifying means such as a water scrubbing.

To solve the first problem, that is, egsentially how to use
a scrubbing system (wet) to scrub the effluents (the second
species) issuing from the plasma, embodiments of the
invention provide injecting chemical compounds in which the
molecule contains at least one hydrogen atom, preferably at
the plasma outlet or, as early as possible, in the plasma

but cloge to the outlet of these compounds from the plasma,
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invention provide injecting chemical compounds in which the molecule
contains at least one hydrogen atom, preferably at 30 the plasma outlet
or, as early as possible, in the plasma but close to the outlet of these
compounds from the plasma, 4a essentally to generate hydrofluoric acid
which then dissolves in the water (or any reducing liquid system), without

belng abligeq o use,a ‘dag aollution conlrelsysiem Io remave anich  then
hy(fro uoric acid (all things 5 considered, the user will sometimes prefer to
dses tid Yty sisteirhin adlaiion ad AprédilticiRiy Tesburky e system) .

inyentors have alsp faund that whgn, inparticulag predugtsisuchiasmWicnt rol

are found in the réactor, the passage 10 of this gas through the plasma, chi
socorspanicesby & paRTRly rédGcing BERpdroyen-tontaffinG eletfent, ©R1RIS
caysesdhe dgposition of MLon theitubeswalis: thrrebysausing itsvirtuakly this
instantaneous failure. 15 In order to solve this second problemgosed )by
the1se GTHYErBY el caRRiftg RdaRIVRSRIETPiNE RSFdpediss S ure/ -
particularly comprise a metal fluorine derivative such as WF6 capable of
generating a metal deposit and when the . .

The inventors have also ifound that when, 1in particular,
products such as WF; are found in the reactor, the passage
of this gas through the plasma, accompanied by a partially
reducing or hydrogen-containing element, causes the
deposition of W on the tube walls, thereby causing its

virtually instantaneous failure.

Tn order to solve thig second problem posed by the use of
hydrogen-containing additives when the first species
particulariy comprise a metal fluorine derivative such as
WFe capable of generating a metal deposit and when the
plasma is produced in a dielectric tube, it 1s then

important to inject at least one hydrogen-containing



plasma is produced in a dielectric tube, it is then 20 important to inject at
least one hydrogen-containing WO 2007M99081PCT/EP2007/051811 5

nstream of the plasma, preferably just at the outlet thereof, so
{He\!‘z%?é’%%%%gen-containing element rgacts as soon as posPSﬁg{}éP\m%/%léu

first species created in the plasma from_the mixture contgining the PFC to
5 gEnetite selONaEPetdds. (As aheuivalBAY, tHS RyAFGTer conting =he
elemeriteor rediscing igepbcarhbe injected i@ the plasradtsetl; od a placent
su the PFC or HFC molecules have already been "broken" or .
pa%%l%%ﬁrignﬁ,ogr%fearabmﬁst %ﬁgcéﬁ%otnhcaﬁ ed t érﬁ%sr?%ecms created
postediseharge 1¥one)f Yehentd eompeund suchas-WRE isrprésent FEthe to

5 offgases,althe Nlasmadalet,; the degampagsitien of AhisRrodugt i e o gen-
plasma is thereby avoided. On the contrary, the first 15 species issuin

frofit W6 Wift theft féxct upBh 1649NG the pieFha Wit theediéfigred into
spécies injested downstieans tcausipg acdepeosition fdungsten pital@r HEC

othersolid, ngsten, Cgﬁfkpeoag{}dﬁgé‘ﬁh\%%éﬁé@ﬁs d °>§’f'}’€r ‘df'f}y o108 en,
generally metal lines located at the plasma outlet, the gby 28a sing no
préBleAFBRBpErativor BEthepRishta systehr SAS eseurear papisilagy scharge
10 gaseeus,.of hydrogen-containing reagent and/or reducing agent, use can

be made of H20, H2r CH4, NH3, alcohols like methanol, ethanol etc.,

glycols,
When a compound such as WFg 1s present in the offgases, at

the plasma inlet, the decomposition of this product in the
plasma 1s thereby avoided. On the contrary, the first
15  species issuing from WFs will then react upon leaving the
plasma with the reducing species injected downstrean,
causing a deposition of tungsten metal or other solid
tungsten compounds, such as oxides or oxyfluorides, on the
generally metal lines located at the plasma outlet, thereby

20 raising no problem of operation of the plasma system.

As a source, particularly gaseocus, of hydrogen-containing
reagent and/or reducing agent, use can be made of H,0, Ha,
CHg, NH;z, alcohols like methancl, ethanol etc., glycols,
25 hydrocarbons, hydrides, or any other hydrogen-containing

compounds.

It has in fact been found that the second species thereby
created (using these hydrogen-containing additives)
30 contained much more hydrofluoric acid HF than when
anhydrous additives were used, particularly of the oxygen-
containing type. Furthermore, when WF@ (or similar
products) is/are present randomly in the effluents to be

treated and issuing from the reactors placed upstream of



25 hydrocarbons, hydrides, or any other hydrogen-containing compounds.

It has in fact been found that the second species thereby
ingthesehydrogen-containingadditives) 30 contai

rcncg{r?ﬁ?ﬁ%%oric acid HF than when aghydrous additives qu?gr%}s%eﬁé? fs18t

particularly of the oxygen-containing type, Furthermare, when WF6 (or

SImAF prRAURIE) id/are (TELRRE FARdomy 1 e SHIUGHI b B HEAod hd "

isswihgsram the teattorseplacedupstieamrof @ ts causes a deposition

20Q7/099083RCT/EP2007I0R1 81,0 the pumpps, the dpyunstrean Injectign. 4

(with regard to the plasma) of hydrogen-containing products causes a

depBsiish T (6F of detivafidesdf WiRdhe HResTocaiet! dRfsEeam grade

stheslasmaclines which aregenerallymade 5 fronystainless steetdr such a
plastic, and for which such a deposit, which is_obviously very thin, i
Oy ot ARk Hoesar RS bed Rk arye ReSLy not a
hydtogepeeantaining 10 compounds were only to be injected downstream
of the plasma, without adding anything to the offgases upstream, the
solution obtained is not fully satisfactoa/. In fact, the destruction efficiency
obt&iHEd i this'CasBas loweE all BHEFthihgs Fentdinity efBaFthEAMGHa1 S

10 be abtainediby Ibeintroducing the sasae quantityt efihydiegen-coataind® the
additive gas, for example, water vapour, upstream. of the plasma. The
ok o e ol it e HaR S
intfdducedlintc e plasaiahas proably Beén Yecoristitdtedtoatore feirfact,
decampaesition. fragments £ap;react wWith the-ydrogenscontaining 55 1ower,
compounds introduced downstream. The PFCs thus reconstituted can no

lorftfer B g ot g betone Iig the PRSHTA filed Yorh 28l ned by

15 introducing the same quantity of hydrogen-containing

additive gas, for example, water vapour, upstream of the

plasma.

The inventors believe that a significant proportion of the

20 PFCs initially introduced into the plasma has probably been
reconstituted before their decomposition fragments can
react with the hydrogen-containing compounds introduced
downstream. The PFCs thus reconstitut@d can no longer be
disscciated again before leaving the plasma~filled zone.

25
In order to simultanecusly solve the two problems posed
above, according to a preferable embodiment, the invention
consists in injecting upstream of the plasma or at the very
latest into it, preferably gasecus oxygen—containing

30 compounds not comprising any atoms of hydrogen or other
elements capable of reacting with metal elements such as
Al, W, etc. (if present in the plasma), while injecting
hydrogen-containing compounds downstream of the plasma,

into the mixture of the first gasecus species gsnerated by



In order to simultaneously solve the two problems posed above, according

to a preferable embodiment, the invention consists in injecting upstream of
t}w(plm%&liat_the very latest into it, preferably gaseous PCT/EPI007/051811
oxygen-containing 30 compounds not cpmprising any atoms Cﬁ I%cfrogen

or og er elergwents cgpable of reacting with meit_al elements such ashAI, W, o
etc. (iFpreSEtinthe plashig)c i injetling Aytfrogdh-eohtining e the
contgourds dovwnstreantef thérplasmasmtothesprixture of thhenfirst from the
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the chemical conversion in the plasma, where the temperature of the first

gasetils spBEiER idsUiH P FORT iR prishBDrefctEBi Féifains @gbialtédr  the

shigherthansps0Cs 0 that these hydrogen-containing compounds react
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with the 5 first species. :

Without wishing to be tied to any particular theory, the
inventors believe that when an anhydrous additive,
particularly oxygen, for example oxygen or air, is injected
upstream of the plasma, the said additive will be
dissociated and/or excited and its fragments will react
very easily with the dissociation fragments of the PF(Cs
and/or  HFCs to yield corrosive fluorine-containing
compounds such as ¥, COFs, S50,F,, SOF,: {the first
species): these compounds are very stable at the high
temperature of the gas in the microwave plasma and, once
formed, are very unlikely to be dissociated again. In
particular, they are not significantly reconverted to PFC.
These corrosive anhydrous fluorine-containing products such
as Fp, COFz, S5S02Fz;, S0F; are much more reactive than PFCs.
At  the .plasma outlet, when the hydrogen-containing
compounds are injected, the temperature is still sufficient
for them to react more or less completely with the
hydrogen-containing additives, to essentially produce HF
which is much more stable thermodynamically than the
corrosive anhydrous fluorine-containing compounds. However,
the PFCs that have not been converted by the plasma will
not react significantly with these hydrogen-containing
additives leaving the plasma. Thus, the PFC conversion
yvield is substantially the same as that of the pollution
contrcl method wusing as  additive only the non-hydrogen
containing, particularly oxygen—containing compound(s),

injected upstream of the plasma.



Without wishing to be tied to any particular theory, the inventors believe

that when an anhydrous additive, particularly oxygen, for example oxygen
or.air, is injected 10 upstream of the plasma, the said additive will be
di{g@ozgfi{ber%%géd/or excited and its fragmients will react very e%‘é‘ﬁ%&ﬂ%’”ﬂ?é*”
dissociatjon fragments of the PFCs and/or HFCs to yield corrosive .
fluotirie-coHEhG cofpduritts SEHTEE RS EORXSE2EZ CS0RR & fitsring
15 speciesyrthese«xcompduiads are very: stable akthe highdiemperaturg,of in
the %%% - microwave plasma and, ance formed, are very unlikely to be .
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PFCLThezt éorrediveumitydrsas fluotinesesrtaining prbdudtsvsuchi20 as

sF2, COF2, S02F2, SOF4 are much more reactive than PFCs. At the

pla§ a outlet, when the hydroSgen-containing compounds are injected, the
temparatiirs &t SaficTeHt 1P HEH 1B FeREF TR BIIEST Bortiptéte tith 0
thetinedrégenzeontaiming-additives,cto essintiaky: pragdyceahte 25owhisktisd to
m re st her y ically ¢ t rrosiye anhydrous
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10 hydrogen-containing additives leaving the plasma. Thus, the PFC
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conversion 30 yield is substantially the same as that of the pollution
control method using as additive only the non-hydrogen containing,
paficigady axygen-dormaming cempound(s) dnfected upstreanrof thenected

plasma. WQ 2007/0990848P ¢ 1/ %@%992%9%%%%& yTE;?“!PaV@“H%’Q ‘Q%'f‘i%ents

better understood from the following exemplary embodiments which are

nohSiiHitiRY, i EBnjERERST With Thé Singlé figurésrtieh sHawkoa scifdmagic of
viewr of eerafflyent seatment systernaof ibe inention: & Thenrsagtorsdor) |
manufacturing semiconductors (not shown in the figure), which operate
under vacuum, are connected to pumps of which the figure only shows the
primary Purhps 2avhichidelivérian efflueht atatmaspiretidgieshréatthe the

10ouilet 2, Sevarabpumps Jecopnected g varioys reactors ate connected, ¢
(which may be any plasma system for destroying effluents,

particularly a system as described in US-A-5965786).

At the outlet of the plasma system 6, heat exchange means 9
are arranged to cool the treated gases, with, in the bottom
part of these means 9, means 16 for recovering liguids that
may have condensed in these means 9 or solids that may have

been formed upstream or in the means 9.

After passage through the valve 10 in order to isclate the
plasma from (its discharge line) downstream if necessary,
the low temperature gases reach, via the line i1, an
additional trap 13 (opticnal, depending on the methods) to
optionally condense residual preducts or to trap any solids
which are removed at 15, while the remaining offgases flow

via the line 12 into dry or wet means 12 for trapping
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in parallel, in order to simultaneously treat the effluents issuing from

reactors which may execute various steps of 15 the method (deposition,
etching, reactor cleaning, etc.). A first particle filter 4 is provided before the
|nW8&§W??ﬁ°37f these gases via 5 into the plasma system 6 FP{WRIA PA1A1
be any plasma system for destroying effluents, 20 particularly a system as
desBABEHYA WSORIBU6S786)2AS tHe otiflePof thiepladnia BySRen 65 hehted in
exchangedpeans 9 are arranged to cool the treated gases, with, in the

bottom part of these means 9, means 16 for recovering liquids that 25

may have condensed in these means 9 or solids that may have been
formedupsiream or in the means:8rAfter passage throughtthewalyg 40 inthe

Ords&ﬁ%sﬁﬁ ‘é‘feﬁ'éé%a Q’]Qé‘n ilrtﬁ g@%@rg% “881 ggg\’%tr?ﬁn ﬁtps tream of

necessary, 30 the low temperature'gases reach, via the line 11, an
addifiénal P& 3 {opHGHAR dBpERRY G e Mbttids) o dponallythi le at

condense residual praducts.or to &ragpnany solids whishsayearemoved-at 15,00t
‘NhﬁéggiéigmﬂmFgfgg é%%ﬁm?ﬁto the plasma means &, as explained

above.

If the effluents in the line 5 do not contain any gaseous
compound, for example WFg, of a metal capable, by passage
through the plasma, of generating a metal deposit on the
walls of the chamber where the plasma 1s generated, then
any hydrogen-containing gaseocus product and/or reducing
agent can be injected upstream of the plasﬁa, including
preducts containing koth oxygen and hydrogen, without the
risk of metal deposition inside the means 6 which generate
the plasma. The 1injection of exclusively Thydrogen-
containing reagent and/or_;educing agent lssuing from the

plasma can be maintained, reduced or discontinued.

If, on the contrary, the effluents c¢ontain at least one
gaseous compound of at least one metal (for example WFe),
then at least one anhydrous oxygen-containing element
{oxygen, alr, nitrogen), is iniected Iupstream of the
plasma, into the effluent to be treated, while at least one
hydrogen-containing additive and/or reducing ageht is
injected preferably downstream of the plasma (or as early
as possible into the plasma or intc the post-discharge
zone) into the mixture of first species created. (In case
of uncertainty concerning this injection, it is preferable

to use this seceond solution).



via the line 12 into dry or wet means 14 for trapping WO
2007/0990819PCT/EP2007/051811 gaseous products, means known per
S n skilled in the art. According to the invention, elements other
t%ﬁ%ﬁﬁ@g%}%ﬂdizing elements are injectgg at points A (7) ups#%rﬁﬁzg?-ﬂg%lm
plasma 6 and/or B downstream of the plasma 6 while at least one
oxidizintPeleNTEntI8 Bitorially (bt Hot hecES¥ATYT ffjcted inte tig-asma, at
plagdmasmeans:6, asexplainedabavev:0 Hiitbe eHluentsip thelinecsdo NH;,
not in,any ous ¢comp for example, WF6, of a metal :
capaéb ég% §§%as%§§§thro%%h th%é%%qé%flnoaf,’of géer%r%rtlﬁlg’a métal oge}"pyocscﬁt1 on °
theWali6RifoehamBer WhéFe tho plasm@/isgeneratéd dthesel5 apytaining
5 hydroggRrgontaining gaseous product and/or reducing agent can be
injected upstream of the plasma, including products containing both
oxygen and hydrogen, without the risk of metal deposition inside the
meanms G whicim gerierate thelplasmaa Thedijection afsexclusivelye cooling,
"YURasn: A COmAIgJeagent BReianIschong.dentigsHng HamLE, )
plasma can be maintained, reduced or discontinued. If, on the contrary,
the effluents contain at least one gaseous compound of at least one metal
(for example WFO, 25 then at least one anhydrous oxygen-containing
element (oxygen, air, nitrogen), is injected upstream of the plasma, into
the effluent to be treated, while at least one hydrogen-containing additive
and/or reducing agent is injected preferably downstream of the plasma (or
as early 30 as possible into the plasma or into the post-discharge zone)
into the mixture of first species created. (In case of uncertainty concerning
this injection, it is preferable to use this second solution).



WO 2007/099081PCT/EP2007/051811 10 It is then possible to inject,
downstream of the plasma, at least one reducing additive such as H20,

H2, CH4, NH3, alcohols such as methanol, ethanol, a glycol, a

hydrocarbon, a hydride, and/or a hydrb]gen-containing 5 element.
Downstream of the plasma at point-B {8), before cooling, oxidizing

additives can optionally be added (if necessary). 11 Claims 1. Method for
destroying effluents issuing from a reactor, the said effluents being
transpored thtough at least one pump ard towards plasma:meaps from o

ca a?le of deﬁtroyinqgt least certain bonds in molecules of the PFC or
[ T
fire Etaal

Vpe’ between th S the BihE eldrhants st thesk mbiecids 2t

bf thePFGrer HEGrype aincordento:generata firstspeeies mhich-aresthen o+

onverted to seco aseous, liquid or solid speciesskiefor interaction of .
(tgr?éjg{e*geyc%%% gp“éc?%% With %?3}: E%Wét Bfing edits: Charatterizedin® FFC
thrat AF feastyore dygerscontaining tcompouad isminjected upstream«ofdhen+ s

plasma.for generafing the first f ecies,.and at | one . .
hydrogen-contgrﬁnﬁ ?ggge%fai%}%r r%%%ciﬁé: agg% is infected ©rder to
dowmstreamidfithe plasmashbutwipstieanref thé surifying/meaad, inordercond

Ceagtwith [he,tef species sraajed and forn the, seeond species, at, ., ¢
east some of these second species being femovab e%y wet purlﬁ/lng
hedits sGelFash watecserabbirig.h2. dMathod:aceortingto-Claimrdy means,

characterized infhat the atJeast ane hydros ”'_Cooﬁ‘éaing‘g rié‘%@rc‘}o%”cd’ Ohing
reducing agent is injected as early as possible into the p a}é a or into the
PosREIsEHargé Yone! thersdc B. Metfiddrformestrofing effrients aceordingfor

&e ﬁgﬁﬁ%qfn?aiifﬂ% 1and2, CQtﬁ@ﬁ%f izedn thal the hydrogen;co q@?%en -
reagent and/or reducing agent is selected from 1120, NH3, CH4, and/or

el jdilpg reagent and/or reducing agent 1is injected
downstream of the plasma, but upstream of the purifying
means, 1in order to react with the first species created
and form the second species, at least some of these

second species being removable by wet purifying means

such as a water scrubbing.

2. Method according teoe Claim 1, characterized in that
the at least o¢ne hydrogen-containing reagent and/or
reducing agent is injected as early as possible into the

plasma or into the post-discharge zone thereof.

3. Method for destroying effluents according to either
of Claims 1 and 2, characterized in that the hydrogen-
containing reagent and/or reducing agent is selected from

H,0, NH;, CH;, and/or alcohols.



4. Method according to Claim 1, in which the effluents do not comprise
elements which, by passage through the plasma, are capable of
generating a metal deposit on the walls,of the chamber where the plasma
is generated, characterized in that the Oxygen-containing compound
injectedaipstréamcmay @lsoycantain hydrogen aiems;hhile thadnjeation it s
e hydrogen-containing reagent and/or reducing agent may b oL
%ain%/giéeg %ﬁ lcet or%e%%rﬁ%&%csonﬁ%}d“éc L 5.Lbr%e ae%ﬁ@&%cc%?&iﬁ@% the
ahy one,of theprecedingeclaimsy further comprisinggprevididgraobeat on the
gxehanaersmeans at an.gilet of he plasma, 6. The method.according 19 . 4
claim 5, wherein the heat exchanger means com%rlses eans fof !
Fecovering Tigufds thathaveredndebised orsplidsthathawe famied. compound

injected upstream may also contain hydrogen atoms, while

the injection of the hydrogen-containing reagent and/or

reducing agent may be maintained, reduced or even
discontinued.
5. The method according to any one of the preceding

claims, further comprising providing a heat exchanger

means at an outlet of the plasma.

6. The method according to claim 5, wherein the heat
exchanger means comprises means for recovering liguids

that have condensed or solids that have formed.



