Plasma torch with a lateral injector Background of the invention The

i nventio a plasma generator and a plasm t ﬁﬁﬁ such a
pl asma 58%{??93{’@?3&%“ or art Plasna spraying is conveﬂJr #W?(#sl@gs
forma coating on a substrate. It generally consists in producing an

el ectric arc, in blowng a plasnmagen gas through this electric arc 10 so as
to generate a very high-t erature. b gt]atsepgl lasma flux, then in
injecting into this pl asrriﬁf—m—pait-rgl—mv—afl—gn—spray t hem onto t he
substrate. Conventionally, the particles nelt, at |least partially, in the

pl asma and can thus adhere well to one another and to the substrate when
t hey COOEWMM thus be used to coat the surface of a

substr at TP%nﬁ(gn ?elzﬂ?st apﬂa?m& LA e aﬁf%&?%sxg}aﬁg%céﬁr&ﬂ cé)g @EH]:P EBE&B' al or

a conposi in partlcu ar-a co 03|te co c mat Thi s
t echnd qugeriesatespeci al | y used to coat parts having various shapes that have
for exanple planar or axisymretric geonetries, especially cylindrical
geonetries, or conplex geometries, these parts possibly having various

sizes - phrQpty limt being access by the jet of particles. The aim may
be, for mnvge to provide 20 a substrate with a surface functionality

such as Rhamarg»saysﬂgmeqnwntlmmﬂmdytotfnanfer cedtingnorc eefubstoitenkt, genbially her mal
barrier or the. el ectrical sul at . op Thi s chnl gue I e, used to
manut st Gt e B clotBs 54 8 Blosie A a5 ar £ SRt S AIEHEES o
Virtye ofo bdike ghiReNOGKEy highltdmpbrdfird) AiSh-BheRd tyPasaRPilivk, 3h&PR in tl%% ﬁtuaber Of

mllimeters in thickness, even nore than 10 mmin thi ckness. asm
t or ches, théy plismenfier pagiclearse #soto amﬁh@ndég@rthq)é@bsirﬁtev@ogsmgmg@y the 5 406

046, US 3, 33rs 302 tViQasgl R‘gﬁ% Qe HokR? éfg(? thﬁ% U(H} éﬁ% gr?éano—[heefl and

per f or mance paranefers asma’ torc purposes fmay be

said to ﬂﬁ&b@ﬂ)g&ﬁ{d\@ﬁﬂnﬁg@ycool - hi gh spr ay productl vity, the spr ay
producti vi ty bei.ng defined as the anmobunt 300of material deposited per_ unit

time; W?ﬂ@ é@ﬂéﬂi‘%ﬁ mayrhes pp &S@hé?/ <copththegBlsss of gnhswbstrnte) Bads) obéi metakief i ned

t f d
aroult ob- e Pty modRidSilap e pAIR b 3 o itohn SRR 3ot ng

qual i ty, cemprising mardmgemb anambie'[bm tachmqu@ 1$)|espi:uraﬁyalsa¢h|tbocruat 5amj having
reprodumblec atln flow rate; mnjnmm

| ncl udi n Leh h mat eri al.
ener gy ST vBSe 5 S ptipls alinit B ey e (4O RlTS. Frirg
possi bl ecgvﬁr{&chme%méﬁkesb&tweﬁ géblﬁaﬂése%emf s@ilbgnmeg QEHﬁfu@Tsiz@QS and

reduced contam nation via | 0oss o he cat hode materi al

the only limit being access by the jet of particles. The aim may be, for example, to provide

20  a substrate with a surface functionality such as wear resistance, or to modify the friction
coefficient, the thermal barrier or the electrical insulation.
This technique may also be used to manufacture bulk parts, by way of a technique called
“plasma forming”. By virtue of this technique it is thus possible to apply a coating a
number of millimeters in thickness, even more than 10 mm in thickness.

25  Plasma torches, or plasmatrons, are for example described in WO 96/18283, US 5 406
046, US 5332 885, WO 01/05198 or WO 95/35647 or US 5 420 391.
The performance parameters of a plasma torch for industrial purposes may be said to be
the following:

- high spray productivity, the spray productivity being defined as the amount

30 of material deposited per unit time;



10 One object of the present invention is to provide a plasma torch that at
| east pagdt these criteria. Summary of the i i hi s
purpose,wggb:l%\}gi I'on provides a plas gener at or con%ﬁ@i%@]%@h%%t hode
extending al ong an axis X and an anode, the cathode and the anode bei ng
pl aced so as to be able to generate, in a chanber, an electric arc between

the anode and the g f&gggsi{f&figfﬁcﬁéﬁ%ﬁeﬁ&%hoé}{i?? gﬁf&aﬁg&??eo;)eiﬁ%ggeﬁn%d%vtg% e for

injecting a plasnagén gas conprising an | njec I'ng via
injection orifice tatibpintwigs,deawdearthe 2Molut of rhatesdl deposiied pad tiendoclintefit, t he
rati o R between: the axjal distance x between the axial position PAC of

m ni mum radi al  di sPaisEal pictrddptotberasBydWingd cat hode and the axi al

position pi of sai gl ' bt CEd AW rticul i

transver se di nension Dc‘ﬁg%bét%ﬁg(@glﬁth’o%e 1? thcg arreﬂglzﬁ %bﬁll%’ftopk@%%%gﬁg%%?
downsiream of t he pulsiepiodncibleCoatieg, irdudimewithndighemateen! flow satg;mal | er t han
3.2, preferably small.er than 2.5 and/or |arger than 0.5. In a second

princi pal enbodi nﬂ@%erfﬁx(@nﬂ“mﬂ%en: the axial distance x'
separating the axi ﬁwem?(sskibwnﬁﬁ;tafanwﬁmttﬁ@a%a%&éibtéﬂﬁme%ﬂ%? and

t he axial position pi said injection orifice; t he | ar gest

transver se di mensilgtween ifo ¢ansecutiviodimténancdepesationshandber, is smal l er than
3.5, preferably smaller, than.3.0 and/{ or rge han 1..2. In a third

o ol pal enbodt menteeH SRERRRRLIRR of 8 Fbedd Bl veen: ° | the radial
di st BpceChe 0bjesidfihé e iBRNO6N 1sit6 Provis d Plash@foré@aritéaSpartiall) mba@pce
between the axis X and the center of said injection orifice;, and - the

| ar gest thegh@ifelize di mensi on Dc of the cathode in the arc chanber, is
smaller than 2.5 and preferably |arger than 1.25. 5 Watever the principal

enbodi ment considered, the inventors have observed that a plasnma generator

accor di nguintdrefithy@ventién enabl es deposition with a very high productivity
and efficiency and with a lLinmted anount of electricity consunption and a
linited E AURASE-JAC Byeptien pvidsya plasma genqratgn FOMBRSAE  the third

oL PAL oo gy e a0l S8 LT =Dl i lianEnoen
anode being placed so as to be able to generate, in a chamber, an electric
arc between the anode and the cathode under the effect of a voltage; and
- adevice for injecting a plasmagen gas comprising an injection duct opening
via an injection orifice into the chamber.
20  In a first principal embodiment, the ratio R between:

- the axial distance x between the axial position pac of minimum radial distance
between the anode and cathode and the axial position p; of said injection
orifice; and

- the largest transverse dimension D¢ of the cathode in the region of the

25 chamber downstream of the position pac, called the “arc chamber”,

is smaller than 3.2, preferably smaller than 2.5 and/or larger than 0.5.

In a second principal embodiment, the ratio R’ between:
- the axial distance x’ separating the axial position pc of the downstream end of
the cathode and the axial position p; of said injection orifice; and
30 - the largest transverse dimension D¢ of the cathode in the arc chamber,
is smaller than 3.5, preferably smaller than 3.0 and/or larger than 1.2.

In a third principal embodiment of the invention, the ratio R’ between:



VWhat ever the principal enbodi nent considered, preferably, a plasm

generato I o the invention y al so conpri se at ures
of the oW@%ﬁgﬁﬂh@fbjal enbodi nment s. I'??may furt hermreW%W@ﬁO%re of
the follow ng optional features: anong the set of injection orifices of
said injection device, said injection orifice is that 15or one of those
having the furthesg d tf i i.Llon; .the i i IS
preferably shorterghf: hr%ﬁ@@sﬁ%ﬁ?ge prog#sea?(gﬁjééhg’ o??%ér.é’ ta‘%ﬁ%@dlggéﬁé gfﬁlgl?%r
preferably |onger dis@afcdbdiweertthdbgisaae! the oéntadsishidligjconvbadifig; pat ticul arly
wel | suited; the axial distance x' is preferably shorter than 30 nm

preferably shor t erthepeigess ansveng siaprsionyPe pethgisatpofe Hiybe atgrhamberm  even

| onger t i ' 20 mm being particularly well

sui t ed; E%ﬁ%%?%ﬁ?ﬁ%ﬁ%@%@lg@iE}?aglﬁéﬂéébly shorter than 27 mm

pr ef e5 abWhasdver therprinbipal &bbadimervensidaed] the ifveatordhaverobasrdédthapa phenabl y

| onger than 6 mm even | onger than a .di st ance of about, 12 mm bei ng
parti cul &FSRHetecoRling o e Jeentioh, gnahlksalepen SomALD Bove By RIPHRRG VIR @i al

posi ti onefRfenby OMAd NRinexd AimROS! drh&ht PEF iedifiinyf WohiRSHHHOWRS! & SAMiRQ! Nt Of
t he anodg I'S p{rreéﬂerra‘ﬁ]ly shorter than 60 rm? pre}{eroably shorter than 50 nm
and/ or praftanmblign bptigeatiodan 30 mMm a di stance x" of about 45 nmm bei ng

ticularly well suited; . . th tio R bet t i ni di al
Bt ancet RitfEbr B diFg rangiel SRno st Boriisdaciic metulraiet B Be, pac
and {fe bRE@&S éa!’sﬁﬂ-ﬁé/@xfoﬁﬁdﬂier@.ﬂﬁh@,rfoi?ﬁingfavbﬁéx.cat hode in the arc chanber

is preferably smaller than 1 25, preferably smaller than 0.5 and
pr ef er abMhateyierthe nrivgipab embogiment eettsiderada prpderabliiah phisma ggnerator acqrrdisg about

0.3 bein rt.icularly well sui : d the inj i.on deyv o] LSes a
plurali tg/) or” iurlu eél(t: Poﬁla r|£1 ?céeéér,gp?%{: &geas?% %R}ée g?“%g %fgghaél gllaga?\s%l

pr ef er abkybadinehelt eguydinith@ftore hiRasRbr divré bLthe dbll@sinRopfonal &acir&:, and Son
the distances x, x', x" and vy,  bei ng true whi chever injection gorifice is
consi der ed. ampRe thejselcafiipisciauy pilices o1 said injptionidsHicaespidviostion pafierys thatt ne

i nvepion, e ' I ' , at its free end, a
coni i(léal por?f%%&gﬁ%sgglggﬁgiﬂ a#ﬁ%dg%%?%%é%gg%drsgﬁaﬂed shape. The angle .5
at the apexthefaxidlidistarmaixcialpreforablyoshoitsr thae 28rminl prafaniglgrshod€ thiah8 afin
preferably | arger th 0 and/or_snaller than 75 referably smal |l er. than
B0° The- | onBRHOE BrelRply fendlf fhebs SR Eeheiae of gboftiS Bihbele SHBCHRTH | <
preferably Lngg#ed;han 3 mm and/or shorter than 15 mm preferably shorter
than 8 mm The | argest diameter of this conical portion (at its base) is

pref erably Heragéa distange &’ iapreforaifie shdstey thaar Wemnt, peefe@blymbariel ban Shamer

o Rni cal “REFt FEfFAy et Bl Rl dep bl gl Safl 8 ke oERRE™

preferably Q@hﬁﬂb@hg@hﬁfcuiaﬂgnﬁéﬂiﬁﬂﬂe@nd/OI’ | ess than 4 mm The cat hode
y

conprises, preferab i mredi at el y upstream of the conjcal portion, a
- ‘the radial distance y; i8 preferably shorter than 27 mm, preferably shorter than 20 mm,

even shorter than 15 mm and/or preferably longer than 6 mm, even longer than 10
mm, a distance y of about 12 mm being particularly well suited;

25 - the axial distance x”’ separating the axial position pac from the axial position pa of
the furthest downstream point of the anode is preferably shorter than 60 mm,
preferably shorter than 50 mm and/or preferably longer than 30 mm, a distance x’* of
about 45 mm being particularly well suited;

- the ratio R’”’ between the minimum radial distance yac between the anode and the

30 cathode in the axial position pac and the largest transverse dimension D¢ of the

cathode in the arc chamber is preferably smaller than 1.25, preferably smaller than 0.5



cylindrical portion. The cylindrical portion preferably has a | ength | onger
than 5 r y | onger than 8 and/ or shorter
preferamogﬂg{ﬁéﬁm%an 25 20 mm nore preferably showlgg%%aoﬁn
preferably shorter than 15 nm The cylindrical portion preferably has a
circular cross section and a dianeter larger than 4 mm preferably |arger
than 6 mMm t n §W ha2

preferably gﬂg?&gﬁ%%%&%ﬁﬁ{%@gg?%feglrﬂéfé@g%{gl srnél’fadrerratutIa ﬁlgn %g%t 0.3

Pref er abl y, béihg pasiculady welllsuped;tshdn has a di ameter substantially equal to
the | argest di apeter of the 25conical portjon, so as. to extend contjnuously

from t he- | athedpjechprndgyigcomprises & Plyay oinrctior onfisenral lgast e afdBf at el y
upst ream of : CV Lefh j . : I i pn. f bly,
the. frust oconeRigi et RLLPAL HeWnafioh HbRAEASh IR oROL Ky Ry e 308
figure 2) obnthealistimeberx’i v ahd ghbdigetred whicheer amjection ayitive isatomdidered.
Preferably, the angle at the apex .7 qf this frustoconjcal . portioon is.|arger
30 than 10, THF GUETRBI4PVIogigén st Geviiperorng e die 1 aHiBe o5 gParbpdpi y
smal | er thapgdw. The length of the frustoconical portion may be |onger than
5 mm and/or shorter than 15 mm Preferably, the |argest dianmeter of the

f r ust oconi c@he pghedesonimisknrayits frehand, Hcomeal pogiosy pisifgrablahgeingtapointed nm

and/ or small er than,30 referahly smal.l.er than 20.nmm e. preferably
Sl Ler St et iRl stife ofte RisE faf fielapeRot it stiaR oBRid b ARe Sl Fiskt
porti®n is {RhGOP, jroRfably Mikerth&{ g00idyod ShARE tHAATS Spidtaralily ehlladihyn | ar ger
than 8 mMm and/or smaller than 20 mm preferably smaller than 14 mm nore 5

preferably 89allherlengthnalons i 2pp of sheypathods; 1of $he genira groriem ifepreferably equal

to the dia f t L ndr | ti0 LSt [

portion pr gﬁ%ﬁ%rsﬁ%aﬁey%?%h%?ég |orotfli)1%|E cyrsl.rﬂnﬁ’ }?%fgh%g@n%ﬁégtle;né@, @Eﬁ%_ I%glr:\gt h of
the coni cal lapgdst diametesd Fhbist@nichhportiovh€at enbise) of prlefeatdy llarper thadlé marti on.
The ratio betweer] t he Ief'iggth of the conjcal portion apd tlhe I n%h 10of the
cyl i ndri cal Pis&ebly dangss then Symm prdjprsm rﬁ]aqnglﬁ mpRreisrably saaide ety er

t hanlil' I'n &Rﬁ}‘ggﬂ%@% fé‘e% ﬂ? +iecﬂg Eﬁﬂg%l p%)ﬂg)nf i Iré)tﬂﬁ@h,ctﬁ!: d (;fQ:ﬂr\}aﬁ.lre

substantiall'y i engt rust oconi cal portion.
Pr ef er abl y, of thés endtpinefdembbyorging grestenthay [limarandéair lgse thandnmmpr ef er abl y of

circular crgss section referably prolo coaxi al | into fhe arc
chanber. - by T8¢ it eonpRiRo Rty Nae A ER FRryD thie RiiahSuBhnR: ses.
coaxi al l'y, aylfdawehiqsoRiid:t atheRYTihdidul PbRoRIEEraBY Ras@Ylehitd ok tHRArE mfH).
preferably of circular cross section, preferably prolonged, into the arc
chamber, bypeeferably dengepdhan &mm pndfossheitsr, thah 80 gamhpiséerabdmshpdersthan 25
frustoconi cal rtionang at. | ong, e | t i g i

ori fiﬁ(ges ar %%F%lgéed%ferﬁgr 8%1 %}%orﬁegftéar% ?gn?{%rérgfep é%esgb%:t?ft &%ﬁgf’%%. G@‘B

f rust oconi caylindeicsl gttiod predirable tibodiclreults crasd sebiien am £diaherer dargd th@s4ar e
| ocated in the same transverse plane. This transverse plane may be ghaced,

for exanpl eMmPreferivbt arass thandhingh Prefarelydaraen than S mrpawinremaligothan 6
(corr espon%h% &ﬁgfgﬁ?'ﬁf‘y Arﬂé%lﬁ?ﬁjl 4 A0BL Glor® re?é}goig %Héﬂ&ctpé}% ﬁe;‘!rqng.%éﬁpdg}y,' ytng

bet ween 309 o preferably between 40% and 70% o ngt t he
f rust oconi céle qytindsicah pofon-had heiaadtéronibstastiadl ylrqogirte ahelapgeatsdrametat bibtlie,

preferably a r.od-type hot cathode. .In agn en‘ﬁo iment, the cathode is a

si ng % par t SOF¢ .POﬁﬁaeS%?stae&%gF@nWBﬁiY%m qﬁ‘FﬁSt her enbodi nent, the

cat hode ¢onprdrgaslyaieQaBle OISR NpRREaY fRRREhtcRPlstrehRlo? i EAALOR
tungsten rod is inserted. The chamber conprises a cylindrical part upstream

and/ or an i pomioneafrastecanieal pogmnt Pref@alyy the Cosioeerigamortion ¢ttendd oadartaseam

direction) gnd{o ownstreameylindrical part. The i.nternediate .
conver gent r{)acﬁfﬁéerggcﬂgé ggl'? ﬁéurFr S?fgﬁgn&ggrbe&mc ff‘?ﬁnli’ﬁé% egﬂ“cﬁ’lcu?rﬁl Bty of
frustoconi cabndp@ed. SPrefofaliPpl thi GHER attth® ab&xU$ to¥GRIRI fedtocBAichS porfivh 84 thrgiat

30 than 10°, preferably larger than 30° and/or smaller than 90°, preferably smaller than

45°, The length of the frustoconical portion may be longer than 5 mm and/or shorter

than 15 mm. Preferably, the largest diameter of the frustoconical portion is larger than



coaxi al | y prolonging each other (i.e. without a step at the transition

bet ween oni cal parts). Preferably, the an g) vi of
a first Wﬁ?’%&h@k}%a part upstream of ga second frusto%ﬁ@?b Z?fl%sé

| arger than the angle at the apex W2 of said second frustoconical part. The
angle at the apex vi may in particular |ie between 50 5and 70. The angl e at
the apex W2 i i;cul Li et n Pref erab t
chanber co rrg g%%lé g Pelf%%fs:lgré g%segl{hgﬁ , l%alﬁg’l %%%}i %ﬂq?]%r ?l'rla(%l(r]n‘?' Ou%]él%’ rpéé i atlblér %5\1?% tream
an upst r eamieylA0ngfd, Gke pRfdrablaBmualiérehie U8 aine atboMbE geallesp Alamebdrdf 8aid
downstream cylindrical part. Preferably, the length of the upstream

cyl i ndri cal fiystosonical| nowgsy ist lrger sham s Jhey orefemblytlarger than 9eumnprefpradlyr abl y
shorter tha P r I?Hg fé,hsq. ' '

conver gent %gg%t@ F(])r{r?l%le%n(a{ g'?llﬁ%ﬂn%lﬁg?r? or’tpg%fglia? r éﬁ%%%e%nﬂ&gr% rgrably
short®r t hapreférabiy smdicpnkdeid Gbhin. [Pocfgeblyt, this 2hilesn diatheter islquileto thean 30
mm Preferahly, the.length of the downstreamcylindrical part i.s |onger
Chan 10 mm iRl St Simeneal RRT0Rn Sop et @%&Wogwfﬁenor@%w@iwhand
preferably kﬂﬂgﬁt{caf o0 MM and/or shorter than 30 nm 15Preferably, the

di ameter of the upstreamcylindrical part is larger than 10 nm preferably
| ar ger t hanhiénerembediment, shealehgth aftibecatGcahpprtipmat shatiryhanthe length bbthe40 nm

fer abl | th . The | t dianeter.of the i di at
Conver gent BAVIOrEBLEBHOr Shedfie PSieat VR ehgi o A onisthphon e el
prefegabl y sl glindialpaiionayRh Eﬁﬁfc@fa} Be 14 tRHn?01B hd/orRpdllel Rinupst r eam

cylindrical part is |arger than the |argest dianeter of the internediate

conver gent paere cgodiment, tthe leagihsofaths teapndreqalvpertionta sebstansiaPy identicatiie

smal | est di t i r iate convergent part is larger than 4 mm
preferably ﬁ{agﬁ%%tht%&glﬁr@mh%%ﬁgfpg)ﬁénﬁal |l er than 20 nmm preferably smaller

than 12 am Ppsfedblyalitieycaiitilel @mprisa a Tyl ek Postioh, preférablyodst difvalal apst r eam
cylindrical part is |larger than 4 nm_preferably |arger than 5 nm and/ or
smal | er t hafedignamefssaldy awelpngeds eraxiadly, inte fher orcnghambss, ypr pucalpastianal | er

t han mm r soal [ j iate
convir gent e REBaBE IR Al oS e g Fonfi bl BRI o
cyl i ndri cal bpar tylirsloicslhpdrtibd eprdfddabin ff roantac gtasadedtival ppefetablyagrotapedid
conti nuousIY t he i nternediate conq\ﬂer‘gent The I ength of the upstream
cylindri cal H3f effrg"]llq{%é’rbﬁan‘é‘w“f 81"®fgt h of the frustoconical part of the
cat hode. . Mopgcrpfashye frallahodt REmpHEROS flift6cdrBThbridh dnlGt WSt sRAMFHhblydr i cal
part and of the infernediate conveég{ent part is |longer than the |engfh of

t he cat hodeallrithe hajeetimmbafices &e|macsdeineptirod mone tranfierser planesneutting shid

par 1281 ¢ e TRRRRLA R <GE i Vub PuBOil A BRAukdty Bl EETREL S AR "Pnse

of the int essrietrahwesopuaeJEils taverse pYine gndeionsiaded 3fr arend1elat aptighmieabl y
bet ween 40% and 60% of the length of the internediate convergent part. 10

The i nvent i &iemhtheobase of s frpgfoconicad pretipan(cgaresnonfiagtty dhe tagest diamatfed so
as to creat ;-31?1\1 : ol bk i

downst ream g}ir ég:?é()? e @%ﬁ@dmiﬁ%ﬁ@@% %ﬁd@ d%{}%’ @ﬁﬂgﬁg}fﬁgﬁg%g@ and An
i nj ection d@0Vod the Baptiiofghd fudtdenical potioon nay al so conprise one or nore
of t E? 15f OITIhg\é:Matrﬁgdg 1‘%taI b?(g]verll-aicep E.Slilll:lf? ga'thode, preferably a rod-type hot cathode.

- In one embodiment, the cathode is a single part, i.e. made of a single material. In

another embodiment, the cathode comprises a rod of tungsten and a copper part, into
which the tungsten rod is inserted.
- The chamber comprises a cylindrical part upstream and/or an intermediate convergent
30 part (convergent in the downstream direction) and/or a downstream cylindrical part.
The intermediate convergent part may especially be frustoconical or comprise a

plurality of frustoconical parts, in particular two frustoconical parts, extending



the injection device is placed upstreamof the part of the cathode

ext endi ng, | c chanber. The injpection device | rtl r be
pl aced agvet)%@??féﬂﬁﬁlm end of the chanber; tg?ﬁt{?%g %@ﬂg% ce
conprises at |least one injection duct. Preferably, the injection 20device
conprises at least four injection ducts, even at least 8 injection ducts;
the di anete f .t he inject] i fice n in.ectsion duct | ref.erably
| ar ger thané%%gﬂ I#nfrgino(ﬁ"/ggé ésa(r%glq?%‘%r Q'%’avryl Olﬁrﬁl Stp ea% etf}l% F%Slté noh?stw%e ©C an
i nj ecti on dfiaftoéchicl pars). Peefértblly, tHeeanplohtabt iapex Of of Asfirshiregbdonicabyid I n a
radi al plane passing through the center of the injection orifice of said

i nj ection duRstrepmeda serobERypeonical pyyt ilargex thanythe pagle at the gaex Yoof saidr ger

t han 20 and 0 ; Lnj j '

pllaced so ¢ Tapd fbioki20 SP T SRk BF R Pl bRUGRA BPvctEhe 58

i nted¥ at ed amt T0°aThd ai@atghe epextywrmingini pagticubardici letweent10enf20f.ect i on of the
i njection axi i}g a _transverse pl.ane. passing thrgugh the center of the

i nj ectioh offefSRRIYSH gy T i SRITPESTOH SRRCESSHRM 84 4103 drors WA 19 adi us
| Ying i n SajighdA0SYGhSGsRbARCe AR BASHA Gl [H Qo Bobhgon hyough
t he center of salégﬁl’ (r%\ijhe Son o?)?]?i ce, é angﬂﬁe 13 ber ng %ﬁalp?g?a@hén 45,
preferably dommhsteamtdylinddenl pad/ Brefdrahigeahe ldngth &f thp up§tesaabiylindeca quarttivan 10,
even larger,than,20; _ a plurali of .injection duct referably all the
Chect | on dlieee a3 Pk aadfle sWngebar o meinardredy Hofe i Sdrer 13,
St hegg nj ect pRferfiflY] 16 1dpeh 6118e liaRRdftte Sodvieint Pirelsasalet thafNbeRdiand/oa! Oong a
transverse plane, the axis of the ring being the axis X; and the injection

devi ce conpshosies than $0umey preferaily shyrtes thasrdbmint snskprefempblalrggerthany 20 mm
di stri buted u h Xi.$ X, The. i pvent i.on.al so rel s t.0,a plasm
Coreh o FRIGHOlBEHK 2D i, HRrhlfy, IR he MM  ifa el B2 T

for injectiidodgerahar iGinnt aud)er SRy GeniSOtAma pRIfaahly shbi tHEN20 atRAnBY sai d
pl asma gener at or.. The neans for injecting the material to be sprayed may
open into tRAEkraRlglonger hen 2f aupapd/er shosteg BRBAAMM. and in particular into

t he c cha r &13%@&1:0 IO tHQra.d N
part?gtvzul ar gf[%‘?%rﬁ%lg?ht)}%?ﬁ of t h%1£ g}%cﬁéﬁger%@ebm@gc Fﬁggﬁgq%&gp?ﬁﬁétginﬁgl’t he
mat eri al t opfeéersiiy darger thmay 165enarandfogechalier than 70 mmj peferstdy dmalercthaml0t o be

sprayed al qu;?n,%?e eébfysexaﬁl%?ﬂ{ag%oln%n? radi al plane (passing through the axis

- The largest diameter of the intermediate convergent part (base) is larger than 15 mm
and/or smaller than 40 mm, preferably smaller than 25 mm. Preferably, the diameter

20 of the upstream cylindrical part is larger than the largest diameter of the intermediate
convergent part, so that there is a step between these two parts.

~  The smallest diameter of the intermediate convergent part is larger than 4 mm,
preferably larger than 5 mm and/or smaller than 20 mm, preferably smaller than 12
mm, preferably smaller than 9 mm.

25 - The diameter of the downstream cylindrical part is larger than 4 mm, preferably larger
than 5 mm and/or smaller than 20 mm, preferably smaller than 12 mm, more
preferably smaller than 9 mm.

- More preferably, the smallest diameter of the intermediate convergent part is
substantially equal to the diameter of the downstream cylindrical part, so that the

30 downstream cylindrical part may extend continuously the intermediate convergent

part.



X) and formng, with a plane transverse to the axis X, an angle 0, having
an absol smal l er than 40, smaller than 30, t 0, an
angl e snﬁ‘ﬁgﬁ?{)}ﬁ%ﬁ% bei ng wel | sui tez. The injection Pﬁﬁﬁﬁw"@g%ér ned
inward (negative angle 0, as shown in figure 8) relative to the plasm
flux, turned outward (positive angle 0), or be perpendicular to the axis X
of the plas aLor, = . LN f. 1), 2 i i ption
of the fi gu?g%qg@herpfﬂééslgrsg%i%ﬁ%hg v%t%fgtesIé ggﬁg%ehllaﬁvglﬁﬁeg%&wgﬁstﬁ%econe

cl earer sti frustoconiehgan gf theeathetiai | ed description which follows and with
regard to the appended draw ngs jn_whic igure 1 shows, .in |ongitudinal

h: f
cross sect i Mipre arefprabhyy theoswp of fhe ?Fnéﬂb%m?e‘?ﬁ“fg%&%ﬂ@ﬁ% pag andedf the

i nvent i on; inftérﬁféﬁﬁtezco?@@ n é}?fsabfll%e&’fthafd A i&neth of HePdfiBTe AR MarBes NOW,

in longitudinal cross section an transverse cross section (along the
pl ane5 A- A showe entbddirgenteth8 dee ead pf derathede gasndsgubsthntinilyde haldwapalphgyed i n

the plasma torch in.figure 1; fiqgure.7a sho in longitudinal cross section
2 bl AsnagentgaEHrPdils BEEARE SOk SRS it BTN ot 18Y FHENpH asna
torch accor gisidcd Grdrh 3HE Ba& 8N fhef intineSiatbPecdVbreéht p AWRDbRES, SEYhge N
transverse cross section along the planes A-A and %—B Shown in figure 7a,

respect i vel y9%f prgtaratdy betvisen6iOdn dnd 68%onf, the henigtingf thediieahediato senwegdnt on,

vari ants of asma torches according to the invention; 10figure 9 shows a

cathode in B*preferred enbodi nent; fi gure 10 shows an anode in a preferred

enbogh ment. In the various figures, identical references are used to denote

i dentical or anal ogous el enments. The detail ed description and the

dr awi ngsThe énvispen alsel relates tha plasmeser saomjsssan ideyice aryangsid| soasttp frgagha

Definiti t. Pt " RS . :

“dounst r i 4Bl e REARAG in DERELIP RN ch B TRy BN R Bk i

pl asmageextgad. indGhdarctchambsrer se pl ane” is a plane perpendicular to the axis

X. A "radial pl.ane" is a plane containing the axis X..  The expressi on "axi al

posi t i on’An;j 1gisGHeR: devige @ctsdingan B pesnfieBAnay glag cORPTisKioge XY meredfiiee

wor dgs t hglodth @bptRAS] fhQ@ResOf @ point is given by its normal projection on
X.

t he axis
- the injection device is placed upstream of the part of the cathode extending into the

arc chamber. The injection device may in particular be placed at the upstream end of
the chamber;

-  the injection device comprises at least one injection duct. Preferably, the injection

20 device comprises at least four injection ducts, even at least 8 injection ducts;

- the diameter of the injection orifice of an injection duct is preferably larger than 0.5
mm and/or smaller than 5 mm, preferably about 2 mm;

- an injection duct is placed so that the projection of the injection axis in a radial plane
passing through the center of the injection orifice of said injection duct makes an

25 angle o, to the axis X, larger than 10°, larger than 20° and smaller than 70° or smaller
than 60°;

- an injection duct is placed so that, in an assembled position in which the injection
device is integrated into a plasma generator having an axis X, the projection of the
injection axis in a transverse plane passing through the center of the injection orifice

30 of said injection duct makes an angle §§ with a radius lying in said transverse plane and

passing through the axis X and through the center of said injection orifice, the angle 3



The axial position NC of m ninumradial distance bet ween the anode and

cat hode as the position, ,on the axis

pl ane inbﬁﬂagﬂlﬁ]ﬁh%{b?dstance bet ween th% anode and the ?ﬁi@%&]{@&gﬁgﬁ est.
This radi al distance (i.e. neasured in a transverse plane) is called the
“mnimumradial distance” and denoted yAc as shown in figure 2. If the

di stance be o i i op y of
transverse B%!{ﬁg@mraﬁ% %&ggg ?pPoﬁ agg/cﬁﬁﬁel%gsg%n Zang]{)ds}ll |onh{’Ji¥185 él%f 1leest
upst ream pl Bﬂﬁ@rﬂ%ﬁi I'Dﬂ,aeveﬁﬂmgéiﬂhan:m? t he vol unme which extends from t he
aperture of the outlet through which the plasma exits fromsaid plasma
gener at of tewwmémpm@ré{ws @ref@nablypﬂlla%lﬁamsem Gichy have,the spmgiyafues
consists, u r o) |on chanber" into which the plasmgen gas
is inj ectedﬁﬁg(n ﬁmrx' g?(garc S‘?}g r™ in which the electric are is generated.
The t¥ ansvet’r&enpbﬂmedemcet hes the shapeont epe‘mg,i Eeforaidy defeading alongr K tridweedsoundar y

bet ween the ex SI Qn fﬁtﬁ]lﬁnber and. t he hanber. The | argest transverse
di mensi on DBlaB Eh@“%a gugibring ihe g X er is neasured taking 5 into

account onl jpet t h d n er.
When, as in thgkﬂ fc)?g‘hes r@%gé eﬁ%%%?érargn? %Ypfa%lhﬁee?ﬁl%ggft}dgn%tﬁtﬁ%ec gﬂ%ﬁ?
conpri ses, distrbmttidapoittheaxinel.arc chanber, a cylindrical porti on of
circular cross section ending in a coni cal portion formng a point, this
transverse di nensi on corresponds to the dianet er of the cylindrical portion
Of t e C@h@ﬁﬂ@nﬂ&ﬂaﬁhﬁla@é@ﬁb%%ﬁésﬁfhtofdhraéfﬂpﬁhiﬁg a" is understood to nean
"“conmprising at |east one" unless the contrary is indicated. Detail ed
description Ref er&plogmp geparatonencrydingipdhe nvenigamend. 15 A plasma torch 10

watorial Lo by spr gk hRiCHRE TirAERRF e el it CRAR, i tllonu 65" 19 @

generator 20. The maplﬁ&n@ga&rr@tbﬂr 20 conprises a cat hode 22 extendi ng

al ong an_axi s Xtand an anode 24 arranged so as to_enable an electric arc E
to be ge?{B? meaes for isptig Ahgmptepigl toﬁ’ﬁc?é’fay? @13?@13@1 F’é‘é%hedﬂteﬁoﬂ%ﬁtbﬁa@sﬁﬁ oduced

b ns an
b oo opElenfiof AGn PAMCCR: o b\ RhARDR, BFDRAAR 1R eBIR AUMPRLERS O

The pl asgme@oneimparhcdayatalhmombrqﬁthe;arcahambm'ber (not shovvn) for regul ati ng

th d f th | , t f th
 nj cot | oNHHGUFES B0IHnG B Rl bR el s OF RGP ShADR B F oy 34
for secupjaRgial REbOS ??ﬂededlgrgiﬁ fxis ERRnMALYn §4ad1ﬂ%ﬂ%§: @ Vg:ﬂﬂﬁlglﬁc%hg R%is36 t 0

whi ch the cathode 22 i1s f ened, an anode holder 38 to ich the anode 2

i s fasteXddnd nmhing vatherplane trrnsyeiss ) ﬁl@laﬁg boayengly §havieg abebwé@tn velve
asse Iy C 6_an h he one
hand;, ang ™ @Ee t%%ns@r}fb ?ﬂ%ons%%¢ng‘“al erit %1 2a(}:mb at?%% r%aﬁ%éﬁg'hgs %“’én%ﬂ’S e 24,

on the otfisd. 30 hand, so as to el ectrlcally i sol ate them from each ot her.
The body 34.is |néigeneral formed fromtwy jackets 34" and 34" which fit
cl osel y Eheuﬁeptxoﬁ Ughwae b tamed inyrid (rgates angng, wéwm lecﬂg%ffh@wwe as

h
parcul 5 00 FRER BBt (RSN 5 PRI o X e

are a si tiglptaspar geneasorgb eV a$ shovaxanfiduee in fi gure 8. Advant ageously, a
Si ngéf part makes it possible to inprove the central alignnent of the parts
rel atifve to the axis of the torch and nmakes it easier to assenble and

di sassenil-&flib& % r},ftﬁ$ ﬁ?@:e@l ectrically isolating body 40 preferably
consi sts—Gf‘%_ei‘r751lJ o 's able to withstand radi ation fromthe pl asma.
The nat ufhasffeathres rmpd nsivargegesf afr the heveatiet twill clecoins afl esrérostiliey reddig the

sel ected e ng on the l.qcal t ratur For ex as.sh

rgur e sSENe] SoPdetR e ot SR Bt diap e B0 SERHER e Be. i aced
in the regi gaudhl Ghols, BPlorbithi8ehl Xrdd¥ ReseM, t0 pladb@a MR an embodiment

30 according to the invention;

- figure 2 shows a detail of figure 1;



10 The cat hode hol der 36 and the anode hol der 38 are at the sane el ectrical
potenti a 650%6‘& §®t7hode=22 and the angde 24, respecti %anf@‘ﬁ?ﬁﬁbssthe
cat hode an tRe anode 24 are conventionally consumabl @ nade oOf copper
and tungsten whereas the cathode body 36 and anode body 38 are
conventionally made of a copper alloy. The + and - termnals of the power
source 28 Lre SN clel to i
cathode 2. TERESBARAA 3 Mol ofeRahdl LSS ptor Al B FIOPRS P SROE
gener at e, béloweghe plaae AnAdskowndn filgereci) roplesmagen @as agection gheice tmaloydd V
and/ or | ower hap 120 V"Eé%@f? 2 shows that the cathode 22, in the shape
F plagma kogehy i 4@,

of a rod of!? i'n succession, coaxially, fromupstreamto

downst ream figydr %5 \REQE ik AonPRIdAA xR Sctidh HPIRASEDN Lad | iREREST dedice
cylindrical portion 46 of cirtcular transverse Cross section and a coni cal
portifon 48 employed imothededastpdithe plasmadorshbodirdwatto fighes @yhd figwics &b apdrti on

has a dianeter .| arger,.than 5. | arger than.6 and/ or smal | er 11
ol e "CrIRV T OBER i ERRORE R o ACB R AR Atk FEkB D5 The
di amet er of s HJubEHTd, adbediBicly; on 46, denoted Dc, is called the "diameter
of the cathode", and is preferably about 8 nm The axial position of the
downst r eam B@eresd, &5 6 ahé 8chonb de lonEitudinpk erope sretienprariatsedirplisanotorchieh e

cat hode 22 . .ungsten, optionally doped with a dopant that
reduces theg%%Fﬁg gﬁ%&?ﬁ%n%ﬁﬂthe nmetal of the cathode relative to the work

f unctg on- of fiptwe®sdhews a Ththoddirt AP@Edred eiftypdinenpar t i cul ar be doped with

t hori um oxi de and/ or | ant hanum oxi de and/or cerium oxide and/or yttrium
oxi de. Thi shgu¢dfshowe s modedr aPreferrpbempedimenty j ncrease the current
density el t al o red 3 rati
terper at o dep St GRRCROMBHiAL s ARnOR Rl e BCHERK ARp008' G bllomome e,
cat hode. eleméh®s. cat hode nmay or may not be nmade of a single material. For
exanple, _jn figu 8 the cathode 22 conprise rod 22" made.of tungsten
ehet her | B dtafid fgrerivhom 480 4 frofign BeGToROsh &I 39 Dot S6OUHIHATEG t he
cat hpgle NRkASEon. The anode 24 takes the formof a sleeve of axis X the
internal surface 54 of which conprises in succession, fromupstreamto
downstream a frustoconical portion 56 and a cylindrical portion 58 of
circul ar CHOSS section. In the same way as the cathode, the anode may or
may not ggiﬂiggﬁof a single material. 10 In order to reduce erosion of the
anode byJd ke paésent’ @eériffon! 1R tEHARSMRsEQINITER ‘dbwhetasin ae Lsdlf relakige taher nal
surface 54 of the anode, and in particular dowmstreamof the arc initiation
zone (| o8awehirestion pfdthe flyx oplopmagan $6rtion 56), is made of a refractory
condyeti ye b : knternal surface of the

cyl i%tgri %:&aft{%%\?%r?eoégg Sq%?B{aﬁgggarﬁglgég‘ﬁn%@ﬁatPés%S%%@prot ected by a 15 coating
or a sl eavaadid] plamy” iex ghipt eontaingthe tixingSt en, as shown in figure 8. The

axial posjition of the anode 24 is_such that part of the cylindgical portion
46 and t h8° EBRIFEHT %esw? Pem?%é lafm@%toe%%@a@? sposifien Hpas O ar*&g#rﬂg s
fir ust 0CoRoRal Rkl 8BsiRh of a foint 18 g2 BYAIFEmA prbfReH ST ARG Dounded

radially by ft rustoconi cal portion I n the 'enbodi nent shown in figure
1, the a¥halaxpbgiosition RACT sidineat euflial udistanest betiveen Ity ahodOandi cdthadeeis

junction  between _the cylindrjcal . ti 46 and the conical .portjon 48 of
the. £t hABESSo™ B Ar 58 Tuhpri Yete; SUse dUrEn VST Upifies, « o
downst r egaiwedh thX R AR BB ANRHe 36 smeNHELNPhiP Fad¥ll diblaMcd (1@MnidASurb@GK 259 of
the chanber 26 as far as the position . )
transverse plane) is called the “minimum radial distance” and denoted yac as shown in
figure 2. If the distance between the anode and the cathode is a minimum in a plurality of
transverse planes, the position pac denotes the position of the furthest upstream plane.
30 The “chamber” is the volume which extends from the aperture of the outlet through which
the plasma exits from said plasma generator towards the interior of the plasma generator.

The chamber consists, upstream, of an “expansion chamber” into which the plasmagen gas



PAC, then an arc chanber 26" extending axially fromthe position PAC as far
as the b by A of an outlet apgpture 60 bounded L33 eam
end of Fﬁ?g?ggé@agﬁd t hrough whi ch tﬁg pl asma exits f})gﬁmthelgfﬂggﬁ?
generator. Preferably, the dianeter of the outlet aperture 60 is |arger
than 4 mm preferably larger than 5 mm and/or smaller than 15 nmm

pref er abj Mnoﬁl?i_%HJ Ad i agtc ThiRberPNR WS HR clé8iritte APEheRMED THRCrHdldred
aperture 60 via a nozzle that preferably extends 30 al ong the axis X and

t he di anpers inothenhpstionriyc iacynsidased éo maark rthe houpdmy thebreeas the xper@9itver se
Cross secti n co tZliedl'eCrC%%li. as shown for exanple in figure 4, or be constant,
as shown™PHF i Wg ]i"nj ection device 30, shown in greater detail in

figures Bge sansi Ers@dindagiod D6 the cathede Bahasrd dhambesisendisged tdldink t hat
turns about the cylindrical Lgeorti on 46, even_about the conical portion 48,

of tie dathegevgtonlythemertafithe cathede whieh extgpdsgiala e agpchagbes When @it of a
ring of i . A i i I | AM i.ght
subst anttiﬁé Ip?fi;fé?%(g g‘?ﬁ?&ﬁ@%ﬁ ‘?i}nﬁhec \%’3(1)1%191&3%% rggﬂ?gdé Egg%ﬁsl%?fféé{ g\{nﬁg{% 1\(%{:?16%(9 opens

t owar ds d¢Hambientacryliadrical pbitenrof bgculincrass seofi@rcdnding iara donival gettiod fiendemt er of
an injection orifice 74 defines the axjal position pi and fhe radi al

di st ance? Poinbithip faasvieryc dineRsipTLeqriespends o the drpraetey afibe &y drcibeditioef i on of
an inj e%&@&hg%@t 72 is substantially cylindrical and has a 10 dianmeter D

| ying between 0.5 mmand 5 nm The radi al distance yi between the axis X and
t he Ident Eiie eXpressipndicempfisinfe” isnjndetsiand to midan ‘esmprsing atleastone’l unless the

pr ef er abl Ionger .th 10 mm and/ or shorter than 20 nm a radial distance
yi of abtHHRRmiiEEThg wel | suit ed. The injection orifices 74 are

| ocated in the same transverse plane P (in a cross section A15 A). They all
have the sane diameter D, the sane axial position p (= p) and the sane

radi al oDetailed descriptioR) . An injection duct 72 opens, towards the axis of

the rin | ong. an_j.njecti is.L. In a radial plane passing though the
center g$d?ﬁQC?ﬁﬁgg%F%§%g9?ﬂ1@éhgi; the projection of the injection axis L
makes, WAtfladnie tash 9 0Xconsentivaglle campfisekSa phintihganerater 20 gid enedds 220fokn a
transverse projection plane, passing through the center of_ the injection
orifice ectinge mafpaditp &g saxayed mntpdheplasmp dhx prediged by she slasya eGSR t he
axis X the center of said injection orifice 74, an angle 13 of 25, as
shown in"figure 3b. The injection device 30 is placed in the expansion
chanber P pladihe gendratbr 20 strapdees betattedn 22 ataadingl algesant 20nXPAG af anoidei num

dial dj st bet the 25 cat hod d th de 24 t it
2 of 2t nodd e R B9 PRAle o RleCHls o R BRSIISE b Frp Lt e dBhot ed
X. e radpofa b@ﬁag%%o@cwgymngb@ﬁé@%c §)aﬁrc‘|éf28§ MBe Hl4brnA GEhctabr DOhLH ON 46

of the cathode 22 i’s 'denoted R (R = PAC n the enbodinent of figure 1
or of fieumprises axirjectighdavica 80 fion injedtingh@pleampgenrzap € iaboile chargber 2fhe axi al

di i i al it f.th 5 f th
G sTanceL i IS, BN PSS Pyt HSh P AL
the di anplesdurdindbrebfive eaifbEey @RtheSplaempes Gaky upsfreart of thdhjectibh dehiee

enbodi ment of figure 1 or of figure 2, x' is equal to about 20 nm and the
ratio R3%s 2.5. Finally, the ratio between the radial distance y between

| ° ot L ft denchERd bRl ElchisEsa BOE, Mfor b Hho Pio Ml oh e 0, "0V &7
equal toThbbody 33 homandcdtheleriaildea I8 to whizhuht cithoddbdts fasteled, it fimde bei ng

bound to one theory, the inventors have opserved. that en_at | east one of
5 the rabolger 1 o highdhmendds 246 Hasienede ich &% CleRTiCALY 15 Sib_ahsf APipliced

per f or mgae o tﬁerh%sé?llﬂﬁ? %Bnéiéi{ngbf' the E?ﬁ&%&ﬂélﬁéﬁ 3 SROEe 3@&18&& bl éryﬂll\é"b%@ the
pl asmagen gas 1s 1 njected upstream of the cathode, and I n particular

i nj ect edhad, asd the dseemlilly eotsisting of thb auode haldeaihadkthe Bnedaig4 wf thamther

injection device accordin 0 the Lnventiop has been shown to be
partf@ulg?%%“ﬁﬁVQﬁ%ﬁ&&@hg%ﬁ’tebﬁpﬁhﬂﬁﬁﬁﬁégﬁmﬁccording to the invention, the
pl asmagehg8sdy 54 idinSkchedl FIme8 ROnE hoS fadketst3ne aflovas tigaiE Bids Y abdvad

cat hode. The j'et of plasmagen gas is little slowed over this short distance
and t he fheasndgend gatbodeshalders and theemjastion device,ssshewn tim digarecl. Rreferabby,ef or e
preserves a high viscosity making sustaining and | engthening the arc easier
and thus making it possible to increase the power of the plasma generator.
In addition, the rotation of the gas about the cathode al so advant ageously
enabl es wear of the electrodes to 15be |imted.



The plasnagen gas G the flow of which is shown in figure 2 by the arrow F,
is pref eﬁq?zm@ @a@7chosen from argongand/ or hydrogen pgd//a2010)ds¥g3nd/ or
ni t rogen. e pEasma generator 20 al so conprises cooling neans able to cool
t he anode 24 and/or the cathode 22 and/or the cathode holder 36 and/or the
anode holder 38. In particular these 20 cooling neans may conpri se neans
for circigpbablifp9sd &a8bRYart. [rP}'fia;rﬁé‘tﬂﬁEE’ kfodmbodiReR] Bledeltiddevidetindyhent
state, the Reynol ds nunber defining the turbulent state of this fluid

possi bl yarode hglder afear sigly phit.gisshowh dor euple indimrgB.ohdvantagpouslyylisinglthan

: | i h f [ Y Lcul N h
anode” norERekE L EOS b il B sdotyl kb e O b B S e iR R e 2

25 The coekdril afi®dakes B ¥astdr 36 afiemblRumg disassehivte hedorcB4, the anode and the
cat hode, as shown in figure 8. The plasma torch 10 conprises, in_addition

to tHe plhgselectyedbriselaingbody 4) rreterably pensists ofie ppigaakthatip ablgdo Bithefandrent

shown, s jneC t4cl t l; re 60
o the chdffieh BT HEPHaRRL 11 Bl e BREAY ERATERING el IS RRSRAY 2, ©0,
30 ext er flad bé selédiql dependingahetie 13641 temipstatuee. Foy esdngplechs shénws i figue®aas f or

injecting particles to beeapraye are not necessarj]y_ external %&st he

pl asma gEpletng grrt 44 af rrdyced dharpb grsistange mmaey b Placedsinghe freiem Whidhisdos. | n
t he emnbogl i iqure 1, the injection neans 21 are placed so that
at Ieast&&g%mngteéf@ﬁgo%y&s%' to be sprayed is injected towards the axis X
al onty) anThx cathodeklioldgr 360ars] the ansdechalderiSaare aPthe sameagledticad pofenhioastth®. | n

fi 8, th le 0 i t 15. Fi 9 sh i f & t hod
o015 rhisthelrBa3e sisr e Sracively: Bowei Bt T aode i Ber par
22", in vhivehtiddafly '@fsitrablBEEdObs Eapes hed tinsiel SPRdQE - thé\Ratibed bedBpar t

22a and a downstream part 22b of the cathode nmay be seen, intended to
ext end outd amode hedy hatseonv@itignally made efrecappandlley. 26, respectively (see for

part 200 P Rz egothalsrl f FENPES i 2h iR AEREELR YAy, Shinkirbd Agr T T2

fromsa capdedls pet tithods322 havpaadvéy! The gewepoduite 28He coadtintiendlly ghleiat ure
of this end is larger than 1 mmand snaller than 4 mm.  The angile at the
apex 8 ogenerate bebrficadhe pradeiand thecathodas a vodtagy higheeign 10 Ngand/on IgWgT AR axi s
of the c de, of the conical portion 82 is larger than 3 mm and snal | er
than 8 mm~ The | argest dianmeter D82 of this conical portion (at its base)
i s | argeFigukal $hows thad thHeS cathedd 82, ithére penoiTheaod aithade X 2canprpes des,

i edi atel y upstream of the conical portion 82, a_.cylindrical .porfion 84 of
i oul ar SPESlons GORA: FR HESCAR ANt QITEERR) 4 & IFRSONG PR i R
porth®n g BamoAdiheeet Na ePindRA0BS ALk of Bt ARdtaELE lordsBaRcticn M8 a The
cat hode al so conprises, imedi ately upstream of the cylindrical portion 84,
a 20 frustmedpodmn 48ovith aro@ded Fppx. angl e at the apex 7 of this

frustocopical poriio 6 is Larger than 30.and smaller than 45. T ength
56”0 ST Bishipfi. B <yBpoRbl Batonahs 32 Ples Riek Ham . Jper B b e 1
mm  The hif 8&bbr Shareteh 1D8EmOEmAale thdnU) @60 BiddhetO0iflaboi B Beth@wglr than
6 mm and/or smaller than 18 mm The smal |l est di aneter of said frustoconical

portion 88teds substantially equal to D82, so that the frustoconical portion
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t r i cat hodgthis injection orifice:
The transverse cross section of an injection duct 72 is substantially cylindrical and has a

10  diameter D lying between 0.5 mm and 5 mm.

The radial distance y; between the axis X and the center of any one of the injection orifices
is constant. It is preferably longer than 10 mm and/or shorter than 20 mm, a radial distance
y; of about 12 mm being well suited.

The injection orifices 74 are located in the same transverse plane P (in a cross section A-

15  A). They all have the same diameter D, the same axial position p (= p;) and the same radial
distance y (= y;).

An injection duct 72 opens, towards the axis of the ring, along an injection axis ;. In a
radial plane passing though the center of the injection orifice 74, the projection of the
injection axis I; makes, with the axis X, an angle o of 45°, as shown in figure 3a.

20 In a transverse projection plane, passing through the center of the injection orifice 74, the
injection axis I; makes, with a radius passing through the axis X and the center of said
injection orifice 74, an angle  of 25°, as shown in figure 3b.

The injection device 30 is placed in the expansion chamber 26°.
The axial distance between the axial position pac of minimum radial distance between the

25  cathode 22 and the anode 24 and the position p of the injection orifices in the furthest
downstream plane P is denoted x. The ratio R between x and the diameter D¢ of the
cylindrical portion 46 of the cathode 22 is denoted R (R = pac/Dc¢). In the embodiment of
figure 1 or of figure 2, x is about 15 mm and the ratio R is about 1.88.

The axial distance separating the axial position pc of the downstream end 50 of the

30 cathode 22 and the position p is denoted x°. The ratio between x” and the diameter D¢ of
the cathode 22 is denoted R” (R’ = x’/D¢). In the embodiment of figure 1 or of figure 2, X’

is equal to about 20 mm and the ratio R’ is 2.5.
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Fihally, the ratio between the radial distance y between the axis X and the injection ducts
72 and the diameter D¢ of the cathode 22 is denoted R (R’ = y/D¢). In the embodiment
of figure 1 or figure 2, y is equal to about 13 mm and the ratio R’ is equal to about 1.63.
Without being bound to one theory, the inventors have observed that when at least one of
5 theratios R, R’ and R’ is such as defined in the invention, the performance of the plasma
torch is particularly good, especially when the plasmagen gas is injected upstream of the
cathode, and in particular injected so as to be able to turn about the cathode. The use of an
injection device according to the invention has been shown to be particularly
advantageous for this purpose. According to the invention, the plasmagen gas is injected
10  very close to the downstream end of the cathode. The jet of plasmagen gas is little slowed
over this short distance and the plasmagen gas is also cooler when it reaches the arc. It
therefore preserves a high viscosity making sustaining and lengthening the arc easier and
thus making it possible to increase the power of the plasma generator. In addition, the
rotation of the gas about the cathode also advantageously enables wear of the electrodes to
15  be limited.
The plasmagen gas G, the flow of which is shown in figure 2 by the arrow F, is preferably
a gas chosen from argon and/or hydrogen and/or helium and/or nitrogen.
The plasma generator 20 also comprises cooling means able to cool the anode 24 and/or
the cathode 22 and/or the cathode holder 36 and/or the anode holder 38. In particular these
20 cooling means may comprise means for circulating a coolant, for example water,
preferably in a turbulent state, the Reynolds number defining the turbulent state of this
fluid possibly being preferably higher than 3000, more preferably higher than 10000.
A cooling chamber 76 of axis X may in particular be housed in the anode holder 38 so as
to permit the coolant to circulate near the anode 24.
25  The cooling means may also be common to the body 34, the anode and the cathode, as
shown in figure 8.
The plasma torch 10 comprises, in addition to the plasma generator 20, injection means 21
placed, in the embodiment shown, so as to inject particles to be sprayed near the outlet
aperture 60 of the chamber 26. All the injection means conventionally used, internal or
30  external to the arc chamber 26°°, may be envisioned. Thus the means for injecting particles
to be sprayed are not necessarily external to the plasma generator, but may be integrated

therein, as shown in figure 5.
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In the embodiment shown in figure 1, the injection means 21 are placed so that at least
some of the material to be sprayed is injected towards the axis X along an axis making, to
a transverse plane P, an angle 0 of about 0°. In figure 8, the angle 6 is about 15°.
Figure 9 shows a variant of the cathode 22.
5  The cathode 22 comprises a rod 22°° made of tungsten and a copper part 22°, in which the
rod 22’ made of tungsten is inserted.
An upstream part 22a and a downstream part 22b of the cathode may be seen, intended to
extend out of the chamber 26 and into the chamber 26, respectively (see for example
figure 2). In the remainder of the description, only the downstream part 22b is described.
10  The free end of the downstream part 22b is formed from a conical portion 82 having a
rounded point. The radius of curvature of this end is larger than 1 mm and smaller than 4
mm. The angle at the apex § of this conical portion is about 45°. The length Ls,, along the
axis of the cathode, of the conical portion 82 is larger than 3 mm and smaller than 8 mm.
The largest diameter Dy, of this conical portion (at its base) is larger than 6 mm and
15  smaller than 10 mm.
The cathode 22 comprises, immediately upstream of the conical portion 82, a cylindrical
portion 84 of circular cross section, having a diameter equal to Dg;. The cylindrical portion
84 has a length Lg4 longer than 5 mm and shorter than 15 mm.
The cathode also comprises, immediately upstream of the cylindrical portion 84, a
20 frustoconical portion 86. The angle at the apex vy of this frustoconical portion 86 is larger
than 30° and smaller than 45°. The length Lgg of the frustoconical portion 86 is longer than
5 mm and shorter than 15 mm. The largest diameter Dgg of the frustoconical portion 86 is
larger than 6 mm and/or smaller than 18 mm. The smallest diameter of said frustoconical
portion 86 is substantially equal to Ds,, so that the frustoconical portion 86 prolongs the
25  cylindrical portion 84.
Preferably, the cathode is arranged so that in operation, at least one, preferably all, of the
injection orifices are located in a transverse plane Pi cutting said frustoconical portion 86.
In one embodiment, this plane is located a distance “z” from the base of the frustoconical
portion 86 lying between 30% and 90% of the length Lgs of the frustoconical portion 86.
30
Figure 10 shows a variant of the anode 24. This anode comprises a first part 24a made of

copper or a copper alloy and a second part 24b made of tungsten or a tungsten alloy. The
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second part 24b is inserted in the first part 24a so as to define with it a downstream part of
the chamber 26, extending downstream of an upstream cylindrical part 26a, drawn with
dashed lines, and defined by the injection device 30.

The second part 24b is in particular intended to define the arc chamber.

5 The downstream part of the chamber 26 comprises in succession, from upstream to
downstream, an intermediate convergent part 26b (converging in the downstream
direction) and a downstream cylindrical part 26c.

The intermediate convergent part 26b comprises first and second frustoconical parts 26b’
and 26b”°, extending coaxially and prolonging each other. The angle v, at the apex of the

10 first frustoconical part 26b” upstream of a second frustoconical part, of between 50 and
70°, is larger than the angle y, at the apex of said second frustoconical part 267, of
between 10 and 20°.

The length Ly, of the upstream cylindrical part 26a lies between 5 and 20 mm.
The length Lygp of the intermediate convergent part 26b is about 24 mm.

15  The length Lygy of the first frustoconical part 26b° lies between 2 and 10 mm, for example

about 5 mm.

The length Ly of the downstream cylindrical part 26¢ lies between 20 and 30 mm.

The diameter Dyg, of the upstream cylindrical part 26a is larger than 10 mm and smaller
than 30 mm.

20  The largest diameter Dagy, of the intermediate convergent part 26b (base) is about 18 mm.
The diameter Do, 0f the upstream cylindrical part is larger than the largest diameter Dagp
of the intermediate convergent part, so that there is a step 80 between these two parts.

The smallest diameter dyg, of the intermediate convergent part 26b is larger than 4 mm and
smaller than 9 mm.
25  The diameter of the downstream cylindrical part 26¢ is equal to dagp.
Preferably, the length L6, of the upstream cylindrical part 26a is longer than the length Lgs
of the frustoconical portion 86 of the cathode 24. More preferably, the sum (Lys. + Lasp) 0f
the length of the upstream cylindrical part 26a and of the intermediate convergent part 26b
is greater than the length Loy, of the cathode 22 in the chamber 26. When the cathode 22 is

30 installed in its operating position in the chamber 26 defined by the anode 22, the free end

of the cathode preferably extends substantially to half-way along the intermediate

convergent part of the chamber.
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The operation of a plasma torch according to the invention is similar to that of prior-art
plasma torches. A voltage is generated by a power supply 28 across the cathode 22 and the
anode 24 so as to create an electric arc E. Plasmagen gas G is then injected with a flow
rate of typically higher than 30 1/min and lower than 100 /min, at a temperature higher
than 0°C and lower than 50°C, and at an absolute pressure lower than 10 bars by means of
the injection device 30 upstream of the downstream end 50 of the cathode 22. The flux of
plasmagen gas G turns about the cathode 22 as it progresses into the chamber 26 towards
the outlet aperture 60. By passing through the electric arc E, the plasmagen gas G is
converted into plasma at a very high temperature, typically at a temperature higher than
8000 K, even higher than 10000 K. The plasma flux exits from the chamber 26,
substantially along the axis X, at a velocity typically higher than 400 m/s and lower than
800 m/s.

Simultaneously, the material to be sprayed is injected, in the form of particles, into the
plasma flux by means of injection means 21.

The material to be sprayed may in particular be a mineral, metal and/or ceramic and/or
cermet powder, even an organic powder, or optionally a liquid such as a suspension or a
solution of the material to be sprayed.

This material is then carried along by the plasma flux and heated, even melted by the heat
of the plasma. When the plasma torch 10 is directed towards a substrate, the material is
thus sprayed against this substrate. During cooling the material solidifies and adheres to

the substrate.

Examples
The following examples are provided for the purposes of iltustration and do not limit the

scope of the invention.

Two plasma torches T1 and T2, similar to that shown in figure 8, were compared to two
torches commercially available on the market, a conventional “F4” torch and a latest-
generation tricathode torch. The operating conditions (electrical parameters, composition
of the plasmagen gas, powder injection flow rate, spraying distance) of the two prior-art

torches corresponded to the nominal conditions recommended by the manufacturer or to
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conditions considered as being even better. The operating conditions of the plasma torches

T1 and T2 were chosen so as to obtain the best possible performance.

Table 1 below collates the technical features of the plasma torches tested and the test

conditions. The two commercially available plasma torches had orifices for injecting
5 plasmagen gas which opened onto the back of the chamber. The dimensional parameters

defining the injection device for the plasmagen gas according to the invention therefore

did not apply to these two plasma torches.
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Table 1
Latest-
Conventional | generation
Plasma Torch Tl T2 “F4” torch %ricathode
torch
Position of the device for injecting the plasmagen gas lateral lateral from the from the
relative to the cathode back back
Angle a 45° 45°
Angle B 25° o°
. X (=pac—pi) 13 mm 13 mm
Device for R (= /Do) 16 16 Not Not
injecting the ) )
plasmagen gas X (= pc ~ D) 70 mm 20 mm applicable | applicable
R' (=x'/D¢) 2.5 2.5
y 12.5 mm 12.5 mm
R" (=y/D¢) 1.75 1.75
Cathode diameter (Dc) 8 mm 8 mm
R’ (=yac/Dc) 0.3 0.3
Arc chamber X" (=pa-Pac) 43.5mm | 43.5mm
Outlet aperture diameter
(cylincll)rical channel) 6.5 mm 6.5 mm 9 mm
Current (A) 750 700 630 530
Power source Voltage (V) 72 66 68.5 103
Power (kW) 54 46.2 43 55
Argon (Vmin) 50 40 38 30
Plasmagen gas Hydrogen (I/min) 16 12 13 0
Helium (I/min) 0 0 0 35
Carrier gas Ar Ar Ar Ar
Carrier gas flow rate (1/min) 3x4+14§1x45+1 3.2 3 %35
Powder injection flow rate {g/min} 120 45 40 100
Spraying distance (outlet aperture —
substrate distance) (mm) 140 120 110 20
Orifice diameter for injection of the 2 mm 2 mm 1.5 mm 1.8 mm
Powder powder to be sprayed ) )
spraying Distance between the means for
injecting the powder and the axis- 9 mm 9 mm 6 mm 6.5 mm
of the torch
Injection angle relative to the axis o o o
of the torch 90 o0° 20 20
Powder composition sprayed Chromium oxide Chromium oxide
Particle size of the powder sprayed 17-45 pm 17-45 pm
Deposition efficiency (Yo} 52 45 40 50
Productivity (g/min) 62.4 20 16 50
Results
Amount of energy consumed per 14.4 385 448 183
kg deposited (KkWh) ) ) ’ ’
As is clearly shown, a plasma torch according to the invention makes it possible to achieve
a particularly high efficiency and productivity with reduced energy consumption.
5  Comparing the performance of the plasma torches T1 and T2 shows that the plasma torch

T1 makes it possible to obtain, for a deposition efficiency that is similar (52%) or even

higher (deposition efficiency of T2: 45%), a productivity (higher than 62%) that is more
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than three times greater than that of the plasma torch T2 (about 20%) for which the angle
B is zero.
Wear measurements have shown that, at equivalent powers, the wear of the electrodes of
one plasma torch according to the invention, in particular with the angles a and  such as
5  described above, is lower than that of the conventional torches, and in particular that of the
electrodes of the F4 plasma torch. Advantageously, contamination with copper and/or
tungsten of the deposited layer is thereby reduced.
Of course, the invention is not limited to the embodiments described and shown. In
particular, a plasma torch according to the invention may be of any known type, in
10  particular of the “blown-arc plasma” or “hot cathode™ type, especially a “rod-type hot
cathode™.
The number and the shape of the anodes and cathodes are not limited to those described
and shown.
In another embodiment, the plasma generator comprises a plurality of anodes and/or a
15  plurality of cathodes, and in particular at least three cathodes. Preferably however, the
plasma generator comprises a single cathode and/or a single anode.
Advantageously, the plasma generator is easier to control.
The shape of the chamber is also nonlimiting,
The injection device may also be different to that shown in figure 1.
20  For example, it may comprise a single ring or a plurality of rings.
The number of injection ducts is nonlimiting. Their cross section is not necessarily
circular, and could be, for example, oblong or polygonal, in particular rectangular.
The arrangement of the injection ducts could also be different to that shown in figure 1.
The injection ducts could for example be arranged in a helix pattern or, more generally,
25  placed so that the injection orifices are not all in the same transverse plane. They could
especially lie in two (as shown in figure 6), three, four or more transverse planes.
In the injection device shown in figure 6 and detailed in figures 7a, 7b and 7c, twenty
injection orifices 74 are distributed in the first and second transverse planes P; and P,.
Eight injection orifices 74, equiangularly distributed about the axis X, lie in the first
30 transverse plane P;. They all have the same diameter D; and the same radial distance y;.

The projection of an injection axis I; of an injection orifice 74, in a transverse plane makes
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an angle B; with a radius extending in said transverse plane and passing through the axis X

and through the center of said injection orifice.

The twelve other equiangularly distributed injection orifices 74, lie in the second

transverse plane P, downstream of Py, and have the same diameter Dy, larger than D,, and
5 the same radial distance y,, equal to y;. The projection: of an injection axis I, of an

injection orifice 74, in a transverse plane makes an angle [, with a radius extending in said

transverse plane and passing through the axis X and through the center of said injection

orifice. The angle B, is smaller than the angle B;.

Preferably, the ratio of the cumulated cross section S1 of the orifices 74, and the

10  cumulated cross section S2 of the orifices 74, (= S1/52) lies between 0.25 and 4.0. The
expression “cumulated cross section” is understood to mean the sum of areas of all the
cross sections of a set of orifices.

In another embodiment y; could be different to y,. The orifices belonging to a given
transverse plane could also have radial distances y; that differ one from the other.

15  The injection orifices could also be grouped in groups of two, three or more. Thus, in one
embodiment, the injection device may comprise four pairs of holes, said pairs preferably
being equiangularly distributed.

When the injection orifices are placed in a plurality of transverse planes, the injection
orifices of a first plane may be aligned along the direction of the axis X or offset with

20  those of a second plane, for example angularly offset by a constant angle.
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Theinvention clamed is;

1. A plasmatorch comprising:

a plasma generator having:

a cathode extending along an axis X,

an anode, and

a chamber, the cathode and the anode being placed so as to be able to generate an electric arc
in the chamber when voltage is applied between the anode and the cathode; and

an injection device for injecting a plasmagen gas, the injection device comprising an injection
duct opening, along an injection axis (l;), viaan injection orifice, into the chamber;

means for injecting amaterial to be sprayed into a plasmaflux generated by said plasma
generator; wherein,

aratio R" between:

aradial distance (y;) of said injection orifice, defined as a minimum distance between the axis
X and a center of said injection orifice; and

alargest transverse dimension (Dc¢) of the cathode in aregion of the chamber downstream of
an axial position pac, pac denoting the axial position of minimum radia distance between the
anode and cathode,

issmaller than 2.5, and

aprojection of theinjection axis (l;) in atransverse plane passing through the center of the
injection orifice of said injection duct defines an angle B smaller than 45° with aradiuslying
in said transverse plane and passing through the axis X and through the center of said

injection orifice.

2. The plasmatorch according to claim 1, in which the projection of theinjection axis (I;) ina
radia plane passing through the center of the injection orifice of said injection duct makes an

angle o, with the axis X, larger than 10 ° and smaller than 70°.
3. The plasma torch according to claim 1, in which said angle B is larger than 5 °.
4. The plasmatorch according to claim 1, in which:

the angle a is larger than 20 ° and smaller than 60 °; and/or

the angle B is smaller than 30 °.
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5. The plasmatorch according to claim 1, in which, among a set of injection orifices of said
injection device, said injection orifice isthat or one of those having a furthest downstream

axia position (p)).

6. The plasmatorch according to claim 1, in which aradial distance (y;) of said injection

orifice is shorter than 27 mm and longer than 6 mm.

7. The plasmatorch according to clam 1, in which the injection device is placed upstream of

the position pac of minimum radial distance between the anode and cathode.

8. The plasmatorch according to claim 1, in which the cathode comprises a frustoconical
portion and in which said injection orifice is placed in atransverse plane cutting said

frustoconical portion.

9. The plasmatorch according to claim 5, in which the cathode comprises a frustoconical
portion and al of the injection orifices are placed in one or more transverse planes cutting

said frustoconical portion.

10. The plasmatorch according to claim 8, in which said transverse plane or planes are
placed at a distance from abase of said frustoconical portion lying between 30% and 90% of

the length of said frustoconical portion.

11. The plasmatorch according to claim 1, in which an axial distance x" separating the axial
position pac from an axia position (Pa) of the furthest downstream point of the anodeis

longer than 30 mm.

12. The plasmatorch according to claim 11, in which the axial distance x" separating the
axial position pac from the axia position (pa) of the furthest downstream point of the anodeis

shorter than 60 mm.

13. The plasmatorch according to claim 1, in which the ratio R between: an axial distance x
between the axial position pac of minimum radial distance between the anode and cathode

and an axial position (p;) of said injection orifice; and
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alargest transverse dimension (D¢) of the cathode in aregion of the chamber downstream of

the axial position pac, issmaller than 3.2,

14. The plasmatorch according to claim 13, in which the axial distance x islonger than 5 mm

and shorter than 25 mm.

15. The plasmatorch according to claim 1 claims, in which aratio R' between:

an axial distance X' separating an axia position pc of a downstream end of the cathode and an
axial position (p;) of said injection orifice; and

the largest transverse dimension (D¢) of the cathode in the region of the chamber downstream
of the axial position pac of minimum radial distance between the anode and cathode, is
smaller than 3.5.

16. The plasmatorch according to claim 15, in which the axia distance x' is longer than 9

mm and shorter than 30 mm.

17. The plasmatorch according to claim 1, in which aratio R™ between a minimum radial
distance yac between the anode and the cathode in the axial position pac and the largest
transverse dimension (Dc¢) of the cathode in the region of the chamber downstream of the
axial position pac of minimum radial distance between the anode and cathode is smaller than
1.25.

18. The plasmatorch according to claim 1, in which the injection device comprises a plurality
of injection orifices, at least one of conditions on ratios R, R', and R", and on distances x, X',

x" and y;, being true whichever injection orificeis considered.

19. The plasmatorch according to claim 1, comprising a single cathode and/or a single anode.

20. The plasmatorch according to claim 1, in which the cathode, in the form of arod of axis
X, comprises in succession, coaxially, from upstream to downstream, afrustoconical portion
of decreasing diameter, a cylindrical portion of circular cross section and a conical portion

having a rounded apex.



