PLASMA PROCESS AND REACTOR FOR TREATI NG METALLI C PI ECES Field of the

I nvention The present invention refers to a plasnma process and reactorfor
the treatnmentof netallic pieces, 5 particularly porous netallic pieces

obt ai ned by powder netal lurgy, said tréatnent conprising a cleaning
operation with dissociation and renoval of oil and other organic and

i norgani ¢ contam nants existing on the surface or in the pores of netallic
pi eces, and generally 10 al so an operation of thernochenmically treating the
surface of said netallic pieces, which operations are effected in a plasm
reactive enviromiepia askbcmicehebakbacTIRN FbReTREHTENGOMESAT. L RE PSRABS I eact or .
Background of tt}gehgvegtl an In%gn n_nost of the cases, the pieces produced
by powder net al brated after the sintering step due to
t he di nensi onal TV#&r iRiSS6RS tHEENGdendr T8dPFAg TSI M ePi-ATla LEbPFe3Mt BRI i s
used in the cal ifeeatbon tind edune frixddtasnand sear metal he: maghienest ool s,

as well as 2§ toqtaeLlitale dgqfa&ctﬂl@&ﬁ t*bqe%g%%tgmé@tgs Galhbration

matrix. Ol is [ikew se use storing sintered pieces and pieces
produced by ot h&FtAantF&et ur Fﬁij tecicﬁ"ﬁiaalﬂ%nt FoFo@Rﬁﬁﬂnﬁ rf r igEPRARS0i | i s
used for machi nicpgrhlgin prigdi slismopietes: 2§ Aenbngl adf i oigr ewidngthhe

properties of theqbhitsheds plﬁf&ﬁ%ﬁn§HChC@T§té&\ﬁ_@1&ﬂ&§S| §5§:@§\9ﬁ1g CQRr 0shan
resi stance and fati gue [ esi stglnce en use

t her nocheni cal  reatnent’s, s ieh ggr?ﬁ;t tmegﬁl?lc%r%netcgtsroﬁndcgaefnr%ﬁ}wat| on,
etc. In ordéf t@&lepfeak 30PePRiSent hefnpshemedlenicadl yentesating ptbsence of
oil on the surfacerasd i thedpafi@siafict e fpeecesiHishprjcidicbads , are
especially when e Lher myghen cal, Rupcessig. b 3. of faehednyla Pl agm. For
exanpl e, during plasna nitra oil retain e pores and on
the surface of tRETpreees &%Gﬁéeén’fﬁ"@toébioffl F]il%ssalnﬁ’ fRe“ePect ri cal
di scharge, cont @aickatoond off the Teaetiorgn i nadequate formation of the
superficial 1kayars foudreds %he(f@isé%?(a”@l@ pRLLL At @S Lo, CaYt anAati on
wi th carbon of the terial l,ébn%tte tb ngff£0| enth cleanln Thus

rate the

treatment by medif&abtunfy need atter sinterifig step’
due to the dimensional wvariations that occur during

sintering. Lubricant oil is used in the calibraticn to
reduce friction and wear of the machine tools, as well as

20 to facilitate extraction of the pieces from the
calibration matrix. 0il is 1likewise used for storing
sintered pieces and pieces produced by other
manufacturing technique. For example, refrigerant oil is
used for machining high precision pieces.

25  Aiming at improving the properties of the finished
pleces, such as wear resistance, corrosion resistance and
fatigue resistance, there are often used surface
thermochemical treatments, such as nitration,
cementation, carbonitration, etc. In order to effect

30 these thermochemical treatmenlts, the presence of o0il on
the surface and in the pores of +the pieces 1is
prejudicial, especially when the thaermochemical
processing is effected via plasma. For example, during
plasma nitration, the oil retained in the pores and on

35 the surface of the pieces produces instabilities in the
electrical discharge, contamination of the reactor,

inadegquate formation of the superficial layers Iformed



the oil nust be conpletely renmoved before the thernochem ca
treatnents of 5 hardening. Conventionally, a wultrasound with organic

sol vents (for exanpl e hexane, petroleum ether or alcohol) further foll owed
by a heat treatnent in atnosphere containing hydrogen or oxygen in 10 an
industrial electric oven, aimng at elimnating conpletely all the organic
residues fromthe pieces. Wien conmuni cating residual pores are present,
whi ch generally occurs in sintered steels, the cleaning is especially
difficult, besides being pollutant due to the pollutant 15 products used.

|n some knoun tregling.geLhods, . Jhe, oarabbonsAlaigbaani g Adon of
thernnchenlcalIy‘%reatlﬁg the surfaces are carried out In tmo'éfparate
steps in distingte eGabpreEnt, sWRMERt$Lqlicr e5TRWERY | Bhg "FPBEesEi n§™t i e,
typically 20 20idmifrisgjieheadiiagnimoy| ovinys,oduet i w1t ymasid e ghomplsttelw t h t he

purpose of obtajfinga GeEpLet g eRRYAbcinilAe @ikaaRchiaf her angariec and
i norgani ¢ contam nants fromthe surface or pores of the netallic pieces,

and al so si mpl i F3A47g4Ad abbrevi ating a subsequent surface 25 _
t her nochemni cal §oewnenhabber aki chepfcadi ¢lpretes ih CRHETSefe *Pherfa

cycle, there hag;bearupropased shgdicocessraiftsCcl et ngxand «s und:aoe,
treatment object of .Brazilian patent [ ' pis 985,3.5 of.:he sane
appl i cant, acco?%ﬁ?ﬁ}eﬁg ﬁﬁkgﬁ Pﬁeagfggggitgg%g%%iégﬁg%%gge goaposftioned on
a support provi Beepimesitdént RETPPRRGRS CORCEIP LB YGTHERt BE POYHIT afode of
the | atter,1d heagat hafetefasai dlseacitoor dvehng somivect ed t elamhegatriove

potential. The 8&&?&&%& dgiingﬁaQ%g%ﬁ?cSHQQRRkSaEQOﬂL@ﬁ?%iE§e§UrW@Mmded by
an ionized gas at 1ow pyessure and 35 containing iops, neutral atons and
el ectrons, knomﬁo%ﬁﬁﬁﬂcé§ﬁﬁgaﬁﬁﬁ%ﬂﬂ%}hpP§e§éW§?§Fgaeﬁy'éﬁ”a ndriaf -~ elect ri cal
di scharge. The etects oiis phioveked antetbet r bt c cl8ahrbat 8meAPeehd tlie
assenbly defined; by 4@ SWRROAL s aBE: Ry €661 ARG tCaNBEEbEEhEO pbhBut£ACT OF
anode. The ggnegggééé Lof,_ggseous plasma in the interior of the
In some known treating methods, the operations of
cleaning and thermochemically treating the surfaces are
carried out in two separate steps in distinct equipment,
which requires a very long processing time, typically 20
20 hours, leading to low productivity and high cost.
With the purpose of obtaining a complete removal of the
0il and other organic and inorganic contaminants from the
surface or pores of the metallic pieces, and also
simplifying and abbreviating a subsequent surface
25 thermochemical treatment operation of said pieces in the
same thermal cycle, there has been proposed the process
of cleaning and surface treatment object of Brazilian
patent application PI-0105593-3, of the same applicant,
according to which the pileces to be cleaned are
30 positioned on a support provided inside the plasma
reactor and connected to an anode of the latter, the
cathode of said reactor being connected to a negative
potential. The assembly defined by the support and pieces
is surrounded by an ionized gas at low pressure and
35 containing ions, neutral atoms and electrons, known as
plasma and which is generated by an abnormal electrical

discharge. The electrons provoke an electronic



reactor allows the plasm reactive environnent formed 5 around the pieces
to be used to catalyze the reaction of dissociating the nolecules of the
oil and of other possible contam nants existing in the pieces; allow ng the
vaporization of said contam nants and $he conplete elimnation thereof

t hrough exhaustion, under vacuum 10 fromthe inside of the reactor. The
heat generated by the plasma, by the collision of fast ions and neutral
atons agai nst the cathode, is usually sufficient to provide vaporization of
the nol ecul arly dissociated oil, without requiring rel evant changes in the

plasma par anet ef 5, oLe 42 3eaual e LonGa) Bhy2ed e,y cad | Ak aker est i

a
each cl eani ng operftlon. However, in asma reactors of certain dinensions
(and in certai nPEIRaT cal FRARITGRS t8f “hnI AT Ar ¥<Eoci ation of the
contami nants), fTlhe Mneaatibnt hat gdséder enltasimanér 20er égtenirrofolt Héer eact or

remain at a tenperatyr e, Wi gh tse syhblghenthyclow tavatdawmontdensat i on of
t he contam nant vapors I i

prigor to thée dissociatio nd prag LV osition
thereof in thes8 ?EhiePy Eof d-F ﬁﬁeerusre(élgF8n§a€?f¥zhfee%&%a%rgr%&rle%c?%f,
cont ani nati ng t Hessyseéimui tthe5mneaebetebaséd Eonpedndsttharfarefd nful to
the subsequent syrface tésalmeALe:s MBkeoveig im mRay pdecéacealhevimcheni cal

treatnment operatjons_occurri.ng subs cLeanipng epgsratdon and
carried out ins%é% fﬁ%?%%ﬁ%nf%aé#gf%ggﬁg&%%ahgg%ggzneratqg by ?%erglasna is
not enough to naldvdiatiche HeREddlg FAFSUhdFREIHrGCes st Eper at it

requi red tolgbt aiemtihe desidedosutfaaceatteat Minrt heFhugenanaded bythee surf ace

treat nent operabggﬁﬂénaso 88l ex8GYLeds 8% disclospd ddu srRudrBLI gtorat ent
application, 35°by réverting the electrica

. | circui.t.between the anode and
the cat hode, anég%}%%:b§h%uFP55ﬂﬂ?hgl?h@sﬁﬁég%sSﬁn%ﬁcd%seod% B?asna of ions
wi th hi gh ki net ivepererapicnand e molecularly dissociated oil, without

requiring relevant changes in the plasma parameters more
15 adequate to catalyze the reactions of interest in each
cleaning operation.
However, in plasma reactors of certain dimensions (and in
certain chemical reactions of molecular dissociation of
the contaminants), it may occur that different inner
20 regions of the reactor remain at a temperature which is
sufficiently low to allow condensation of the contaminant
vapors prior to the dissociation and progressive
deposition thereof in these relatively cold inner regions
of the plasma reactor, contaminating the system with
25 carbon-based compounds thalt are harmful to the subsequent
surface treatments.
Moreover, in many surface thermochemical treatment
operations occurring subsequently to the cleaning
operation and carried out inside the same reactor, the
30 heat generated by the plasma is not enough to maintain
the heating rate and the process temperature required to
obtain the deslred surface treatment.
Thus, even if the surface treatment operation has been
executed, as disclosed in said prior patent application,
35 by reverting the electrical circuit between the anode and
the cathode, and also by surrounding the pieces with

gaseous plasma of ions with high kinetic energy, and by



4 applying an electrical discharge to the cathode so as to provoke an ionic
bonmbardnent on the pieces, there is a need to adjust the plasnma paraneters,
not as a function of the reactions of interest, but aimng to obtain 5
tenperature levels inside the plasma réactor that are sufficient and
necessary for the desired surface treatnment. In this case, the tenperature
variations required inside the reactor are obtained as a function of the

el ectrical discharge paraneters, but sone situations 10 nay exist in which
the intensity of the electrical discharge required for the production of

detei m ned tenpgra i*&rr?gs aJnE%%cEPléam cil%ﬁaks;@nt@ft@ eGlhbeal s@rss dd the
reaction environnen causin danma mar ks of t he p| eces) and
cont ani nati on b?r%‘éQ]ffonaﬁSl%‘g]ﬁbg? a&ﬁf“?ﬂ"e gﬁrfg’gﬁe 15¥ T he  pi'sces,

i mpai ri ng the sobséquensdivmly fichatacak PREAMGEENSS, 9EsPded ?H@C"Fjefé"t t hat
the thermal gr a@lferﬁh@egaaby@érys i Bl upncessthe for rra&moﬂgarui hereganei ty of
the forned | ye ws:on f heat | p.

reactors 20 teoemratu eheleg‘\?q :Lnsz_d% 01?1 ]giggniu(nor o':nngtﬂa& éuﬁez\re -

I'n on wn reactors,
provi ded an ext erhfl chadi statk Wé%?tqsﬁ@ri’or fPénD\Flhﬁg S 6PAdeFEF R
possi bl e cont amicpastsedd.omrbhetpiecessehbt atined typpsicaters ngrarkewey®ms , in

this known ConSEggﬁ%#éH]lnsqge2§h@'fg§§%okoap§ éBHﬂfn%Herté)ﬁ%ﬂb&@@ﬁﬁgﬁt for

renovi ng bi nder s contamnants _are a to the reactaor.

| eading to the FBRnBIPON 612 eldECPREIRrE G EBnseYuett" contélranttﬁ% Ton of
t he pi eces Wt hmear bon,stwhiioh visidkar phell indenhétgulsdequbat dectaéeal
treatnents. 30 Idrﬂsgi@é')gg@r Meaypﬁ,xof theachesduditsehosed idetpahnentd

US6579493, ther grov | pner, eb%SI ?ngﬁi’oen gathng, 1o abtai.n high

t enper at ur es suf f“%? *%ur[e§ e he ders and certarn contam nants from
the netal lic pi ébes wrctiimad Wlﬁ’dwﬂ‘éﬁtrretcé’{ulsﬂtﬂgy AReraftsdat o pravrdle 35
sintering of thegmakrEeson Nestest heleess) tded pravritemonabdfon edivst iceebbeat i ng

in the integior g oggég Fxpgh%f g%ggg%]eo@qwhr espltéaz%susqn%lmg@ eqst

materials, Such a enum an rovi sion 0{3 31 di atl 0
reflecting el enﬁﬁf@e%‘é?%eﬁh?ﬁéocir%ﬁ‘f%fﬁ?eﬁ%ﬁ‘ﬁﬁ‘&%t%’nd ERt T eatPor *&aF1, and
al so the provi siteatof tic@oltrgnieh sarabicoter neah ¥ ivelhy smélhmricm i §he

i nadequat e for %%Qw&ati}ﬁi %o%gélﬁké&f%&t ant ngesed negethe pi eces under
treatnent, since_ it al t he_vol at i

of oils ot
contami nants to B8 ?583%?\%%% %%da djé%sblss lv& % Eﬁﬁggcﬁ?dp?%gl? on%%c():ftot Re heat
radi ation réfl edtsi hgoeh ebreriths anll-on t he reactor wal |, before they are
exhausted from tihe c® r@ﬁctt'hegeerkvlbmnrfeat:toﬁ@m anenat iiag prbeilladt er and

the pieces contal @%gﬂgpeg:g%]psﬂvt carh Qre%§egeﬁ8{}fﬂ9g}lnﬂ§etﬁ1ﬁ{delr@p%h& t he

subsequent sur f ac ernochemcal treatnments, of i eces. From the above,
there is a need Ho88iPhe pFEVFEHARISF ati8sofiifi oﬁl FTh %}?ﬁad\% obt’di ni ng,
in the interior dhtthéengeactoryehonogenadus akdoevercdusgiucehper atiees as a

function of sthe ]ﬂ%gggedt@urbf acg theatdi®Ents iN arwayméi@t fos if@‘&pﬂlﬂl@ent
fromthe electrical disch arge gararret rs t hat are . ngretcgd%guatge Q.
catal yzi ng the rEd€EFdns?lf coataminants are  &pp

cathode, leading to the formation of electric arcs and
consequent contamination of the pieces with carbon, which
is harmful to the subsequent surface treatments.

30 In another known type of reactor discleosed in patent
US6579493, there is provided an inner resistive heating
to obtain high temperatures sufficient to remove the
binders and certain contaminants from the metallic pieces
obtained by powder metallurgy and also to provide

35 sintering of the pieces. Nevertheless, the provigsion of
resistive heating in the interior of this type of reactor

requires the wuse of high cost materials, such as



20 interest in each case. Sumario da invengao Thus, it is an object of the
present invention to provide a plasma process and reactor for treating
nmetal lic pieces by nmeans of gaseous plasma and at tenperatures that are 25
generated and controlled in a way totafly i ndependent fromthe plasna
generation paraneters. It is another object of the present invention to
provide a plasma process and reactor, as nentioned above and which all ow
the plasnma generation paraneters to be 30 maintained in levels that are
sufficient and adequate for catalyzing the reactions of interest, without

| eadi ][19 :g theb&eﬁgﬁ&%m ahdeteetgigals iancst i medtheaneacidOregDybtORTENt . | T
is a further object of the present it i 5.pravid rocess
and reactor, as e%%rﬁ?l?%sne e%‘g%ef/ne grrll% wﬁlg%ﬁ g?ﬁ%gvt%cc, e%c% ngh%pg%g?%npto be
carried out throagh nhécallep &PesdEPrELrsn t Af oGeRLREebusSPHAsABYNd 6

t hrough vapori zation ardiexbaustien dfs t headégsor afed coldaaiingantise by

mai ntai ning the &Qéﬁ{é O'Eogf:argﬂ?armsasf@m{ eagL onsak.L enpakat Wieschigher than
t hose of condensation of sald contam so. anot her ect of

nants. 571t is al ob
the present invéaPFenito PreYrdéls ﬁPé§ﬁﬁf%r3€8%§3aﬂg Pehet 3P 85 Renti oned
above and whi ch cahtemwitdvesoper dte onorofensiedr rochealtibealt§d t perathagcehe

surface of the nehabhiCopi@rehd:@ BECAFIdE G GUlct@h§Oe-gRSCOHE PhasM,
in the sane rea%rhgr I N

reac okcr%all, before they are exhausted £f£rom the
10 reaction envirconment, contaminating the liatter and the
pieces contained therein with carbon-based compcunds that
impair the subseguent surface thermochemical fTreatments
of the pileces.
From the above, there is a need for the provision of a
15 solution which allows obtaining, in the interior of the
reactor, homogenecous and even high temperatures as a
function of the desired surface treatment, in a way that
is independent from the electrical discharge parameters
that are more adequate for catalyzing the reactions of
20 interest in each case.

Sumdrio da invencgdo

Thus, it is an object of the present invention to provide
a plasma process and reactor for treating metallic pieces
by means of gaseous plasma and at temperatures that are
25 generated and controlled in a way totally independent
from the plasma generation parameters.
It is another object of the present invention to provide
a plasma process and reactor, as mentioned above and
which allow the plasma generation parameters to be
30 maintained in levels that are sufficient and adequate for
catalyzing the reactions of interest, without leading to
the formation of electrical arcs in the reaction
environment.
It is a further object of the present invention to
35 provide a plasma process and reactor, as mentioned above
and which allow a cleaning operation to be carried out

through molecular dissociation through gaseous plasma and



10 the cleaning operation is effected that are obtained and controlled by
heating. These and other objects are attained through a plasna process for
treating netallic pieces in a plasna reactor 15 defining a reaction chanber
provided with: a support; an anode-catfiode system associated with an

el ectrical power source; an ionizable gaseous charge inlet; and a gaseous
charge exhaustion outlet connected to a vacuum system The pl asma process
for treating netallic pieces of the 20 present invention conprises the
foll owi ng cl eaning steps: a) connecting the support to the grounded anode
and the cat hodeif & gnnegaid-veapobenkihal «ghatibiei @l est r tihe paiBsosiourde; b)
positioning the tal.lic, pieces SUpRart .i i Wel§ he
reaction chanbe?%g%:m%gﬁPF§Un Vnmgggé¥§8§§hg%€rﬁhgﬁ%b§%e§%éﬁﬂ%n?{gﬁﬁ%eces
with an ioni zabFeagayeotist ehes it Feq Fﬁ??ﬁ?iF?aPeEE???NPQ:ﬁ&ﬁ%%??aﬁfF“heating
the interior ofofheiireaehtenichamber, fromthe outer side of the plasm
reactor, at yaperization,tenperalupgseof 6oNtaBi papLent Oibediissoainal ed
fromthe netallic preces 30 being treated in the |nter|orgc.o%‘le ha(gpactlon
‘chanber; e) appP§PHfsar EI&sPRi BAPCHiS &2t netathoae T n*order to
provoke the foramti omhiofh a gjdseoushsl aswerati¢mnsoii t HhdinghrIher Y ener gy
S;Jrroundi ng thﬁtggé@:ﬂrld CEh'Bi §§§§ac@@f]§ Iaaesm@mrlltic pndces henbar daentedf
electrons in the 35 tallic_pieces.for_no|e ar._di.s i.ati . 1:he
contami nants: e°Fyr & %P’naa? & e khane foinn %T%et ﬁggéagée)a(c)dut%gcﬁgr%l%}hnd of

t he cont ani hant shemicheatine Preratigasdsuseidiested PPEMAhETREERFOTSD t he
reacti on chanbeghat nztdhemasesd anwhisht tdia edebal birefpisddes raséssimi tt ed,
after cleaning,htthai1 her mochem cal treatnment, the plasnma process for

treating netallic p} 'es of the present 5 inventio onpri.ses, after step
"i7 of the ol caBiAEE opBRaBEBRT CRASFLT L RBF SFERS"CT CRErHUCHanPearty
treating the supkacesoffdthermetahyi setrlddes pikaes hen samelasgactrercteai d
stegs cogﬁr 8! ngéf@ﬁiﬂj‘vaeiﬁﬁa?ﬁgbﬁeigﬁ%& Zp@cto'th El_e@ﬁ\bﬂtﬁi:t)é %fulp}pbe“c;_an

anode- cat hode system s a e support., c es,
defines the catﬁBBg?_?ﬁéﬁﬂﬁﬁrﬁﬁﬁ ?%ga?%%ggﬁfSO??%%naﬁt%%gﬁéﬁgﬁFigg%ggces
with a new i oni zabkeechay derfigdbilat 6asrs eherpenithavbe™d Pn&¥PREarHi ng t he
interior of thecheagtiomacharbaroheriedonheoted e euverusi dysaemt he pl asma

reactor, and congucllng. oo tiglempsratila. Lhenflditoct Becbeyebs tagulred
in the desired surface thefrocheni ca treatnment; |-, apg glnqg?n el ectri cal
ISP Browts

di schar ge t 80t h@reaeHoddlveassiq8 EORT ok &P Ehe J&SBBhs
pl asma of ions surrcodndéinghd hehanetmldoirt ppecks andutdral supger pdashaeel | as
an ionic 20 bonhardgrot N ot heaJBLAk! i Haee8s,; cande drenirdingokbe
exhaustion of the gaseous charge fromthe interiaor, of the reactjon chamber
The present |nvéﬁFFBﬁ’éﬁsé“ﬁﬁéggﬂf%gdjﬁ1§§ﬁa reactor for treatlﬁglnetalllc
pi eces and i n whinckkhehenpeotessost eps reaction chamber; <) surrcunding
25 the support and the metallic pieces with an ionizable
gaseous charge fed into the reaction chamber; d) heating
the interior of the reaction chamber, from the outer side
of the plasma reactor, at vaporizatiocn temperatures of
contaminants to be dissociated from the metallic pieces
30 being treated in the interior of the reaction chamber; e)
applying an electrical discharge to the cathode, in order
to provoke the formation of a gaseous plasma of ions with
high kinetic energy surrounding the metallic pieces and
the support, and a bombardment of electrons in the
35 metallic pieces for molecular dissociation of the
contaminants; e f) providing the exhaustion of the

gaseous charge and of the contaminants maintained in



25 descri bed above are carried out, said reactor presenting a netallic
casing defining, internally, a reaction chanber, as al ready described, and
a heating neans nounted externally to the nmetallic casing, in order to heat
the latter and the interior of the reattion chanber. 30 According to one
aspect of the present invention, the heating neans is fornmed by at | east
one resistor in thermal contact with the netallic casing. According to a
particul ar aspect of the present invention, the support conprises nmultiple
paral |l el and 35 spaced apart ordering structures which are electrically

coupled to the sane, &l %‘EBE@deffa‘m ttlﬁe ﬂzﬁ\i%iﬁ-o&abhod@e sysice ivanchdntteer. cal at ed
by conducting e e nts coupled

ectrode_o
anode- cat hode s CIER of "s“ dh eﬂ&%&l!ﬂ?% U%Jf%%eressqggr %gﬁmm | east
one netal lic pi @@éert slsenipgatied.a Itﬁeém?)‘%@féﬂaédt’é%%@eﬁﬁct B, PtafEnet al lic
casing portionspryip@ucicag healtiadi atdtenlio thesdesside Shef piwserdaction

chamber, are; di $p0SEd ACCOLALLLD B ALLCLEGD ONOgaNGInd! Oct bt i ng

di rection of t he ering structures. Even

e ca
surface treati ngPYFEHAN 0RBe t B F’E‘&]P%ooﬂ ﬁ&e&E‘OF}f‘l@eréa&g‘Fm?r?%ﬁmgre 10
t enper at ures t hahe aserfrete 98 hhghmesaltlHoseirequi rd the sieRecerfag-Gper ati ons

and whi ch reachg ygl u%§EPg a&g@rl%;ggc d-he: pesitimni ageofentehjglhee@idmg means

externallytothe net al ing _of ,the . reacto | ows _the |
present a si npl BPrEnd Yl é’gne%?ll PnngP oS tilug i o% 5agl avoS%dl ng q‘or mat i on

of inter medi.arysnpepcns,vildt iden nevelhéat PhRCerearie Hngss P8 EQEF?@E whi ch
are suscepti bl ehtosﬁmlﬁﬁghgreh@rlﬂ;ggdchseqmrﬁhaﬂaﬁmsuli@rpnmfceeom’amnanant S.

Brief Description ogo;lhe k%Oea\/\ghe e dTgl% inventiQn wi Ll be.gdescriped

bel ow, with ref rence 't raw n

g iven wgﬁ f exarrpl e
of enbodi ment s @ﬁmwwx%ﬁﬁl@oﬁnéﬁﬂl% hitos: TERGHF 1‘31}%]???e pEe
schematical |y, d&rphasim dueact eLde onsStuhecpbasee corditng. tand rwngrleém

i nve?t idon thl U%ﬁ%%‘aﬁﬂe%ﬁ@rﬁ%@éﬁéﬁ piLCesSe pﬂ@Véﬁ@gerﬁhﬂre?'pﬂQrih@5
Simpl i 11 ed and FAEREF CEHRE] SOEHTTEH ShctrEACUTew of S7Bl4ehe Tiactor
construct ed accekdipgidad tHecphresernito itheeAttprsandohoasF AR IREEdENE he
reacti on chanbeksrfaPi§CeosURPYdsc@BPRiSEAg &f ions surrounding the
netallic pieces and the support, as well as an lonic
20 bombardment in the metallic pieces; and k- providing the
exhaustion of the gaseous charge from the interior of the
reaction chamber.
The present invention also presents a plasma reactor for
treating metallic pieces and in which the process steps
25 described above are carried out, said reactor presenting
a metallic casing defining, internally, a reaction
chamber, as already described, and a heating means
mounted externally to the metallic casing, in order to
heat the latter and the interior of the reaction chamber.
30 According to one aspect of the present invention, the
heating means is formed by at least one resistor in
thermal contact with the metallic casing.
According to a particular aspect of the present
invention, the support comprises multiple parallel and
35 spaced apart ordering structures which are electrically
coupled to the same electrode of the anode—cathode system

and intercalated by conducting elements coupled to the



30 plurality of horizontal ordering structures. Description of the

I nvention As nentioned above and as illustrated in the appended draw ngs,
the invention relates to a plasma process and reactor for treating netallic
pi eces 1, said process 35 being carrietl out in a plasma reactor 10
conprising a netallic casing 20, having an ionizabl e gaseous charge inlet
21e and a gaseous charge exhaustion outlet 22, said 9 netallic casing 20
defining, internally, a reaction chanber 23 inside which is usually
positioned a support 30 and an anode-cat hode system 40, associated with an

el ectric power source 50 exterpal,lq Qe Betidldd GyeeshNG&n20s daieaction
chanber 23 is coupFedl?o a

_ vacuum syst em 60 ﬁ%nn cted ta the Oﬁiég& 22 of
the metal lic c&$PR§LDD. SHHCHUESEL PN CHENEET 235t s Wai Tt ai ned hernetic for
pl asma gener at itenpehereatddi M tsherefkbete@ lcdrs trechbeR catitey "esapled to an
Lonizablelgas §g@?h§ ?ggg%ﬁhgjugrdggckh@Uﬁééateﬂaiéﬂﬂ$nth@ abtl ahs2ei s
ernetica coupl e o the vacuum system 60,,. t [,51GaSi Ois
preferably %orrfgg PR r BPPATIUY yORTEST (X f%%g_%%é&sdt%lﬁ?e st}g %eel Al S|
310 or 309) andiitreetsopporth@@enal red r ibeompuatiey CagecHg” e&gnﬁ g 15

stainl ess steel,AShngdlfAlct3@8k, but other type of material can be used,

dependi ng on t adeq%at%hgroggggstQﬂpegﬁﬁg%esihghesggkgéé|Qngggﬁﬁg 20
presents a pri %ﬁc_shape, for exanple, a C¥I|ng%r, haV|ng w% hi%xtensions
20a which, in 2oerhéieysi idr il °Shapeed cofprited s sUFAGIndi NG i de wal |
and an uppery entknlcht208s that are not so high as those required in

sintering operations and which reach values of about
1100°C, the positioning of the heating means externally
to the metallic casing of the reactor allows the latter
to present a simpler and cleaner inner construction,
15 avoiding the formation of intermediary regions, between
the heating means and said casing, which are susceptible
to the capture and subsequent deposition of contaminants.

Brief Description of the drawings

The invention will be described below, with reference to
20 the attached drawings, given by way of example of

embodiments of the invention and in which:

Figure 1 represents, gschematically, a plasma reactor

constructed according to the present invention,

illustrating some metallic pieces provided on a support
25 mounted in the interior of said plasma reactor; and

Figure 2 represents a simplified and rather schematic

vertical section view of a plasma reactor consgtructed

according to the present invention and housing, inside

the reaction chamber, a pilece support comprising a
30 plurality of horizontal ordering structures.

Description ¢f the Invention

As mentioned above and as illustrated in the appended

drawings, the invention relates to a plasma process and
reactor for treating metallic pieces 1, said process
35 being carried out in a plasma reactor 10 comprising a
metallic casing 20, having an ionizable gaseous charge

inlet 2le and a gaseous charge exhaustion outlet 22, said



The netallic casing 20 is inferiorly open so as to be renovably and
hernetically seated and | ocked on a base structure B to which are
adequat el y nounted conponent 25 parts operatively associated with the
reactor and which will be described ahtad. The plasna reactor 10 of the
present invention further conprises a heating neans 70 nounted externally
to the plasnma reactor 10, that is, toits netallic casing 20, in 30 order
to heat the latter and the interior of the reaction chanber 23, for
exanpl e, producing heat radiation fromthe netallic casing 20 to the
interior of theméeggtgpncggaﬁgeuNQSdefmgi@égsmﬁm@eaélpy,leliseabﬁibn

t |1 % ;
externally prOV%E an a ansu_eoﬂ%ﬁr C9 s&&l&gans %lOXE&agesgéﬁﬁﬂg on

steel coated wi equa eat |nsu atin al um nade ilicade

fibers, for exadfl @Pdpraé’seﬁ‘ﬂ‘?q?g‘céﬁha%qéé¥%em 1@Oshéﬁ%°%3§t§§i t'%6-urdound
lateral |y and supett.ord ypdee asseodl 30 defderedlbyot hiee metwlillic casimg 20 and

by the heatiog pBang Z0.cdeli niigua,noat L00cGIARRT0L3 A0HOA Lherdptal lic

casing 20 and |nS| IS p05|t|one

eating nea
heating neans 769 EOEﬁﬁﬁﬁﬁﬂ % FOFnBUt1Y &2 P5a§ oft& %i%ﬁ 8?19i unted in
t her mal contactThﬁtteadﬁaomepabmb@rdﬁ%uﬁgmacmtawnﬁddéEFMQKh@aiﬁngl@ﬁanber 13

defined betweengthe-s®tal | thesapidiing0 and thesputer @gvefrer:{nbtlé@;cw ding 10
to a way of carrélngﬁgut t he Rresent |dent|on S& fur%hgge gg&ded a
i ©OBET %ula

ventilation sysf conpr|S|ng A feast one’air
general |l y pé%ltﬁéh@@tﬁﬂﬁéﬂnapdt%hQhéﬂéﬁFe?2cE%éﬁmﬂftaﬁﬂlkﬁdW?@%deF?h at
| east one sucti epenezzhen 818tands@t | east one di scharge nozzle

The metallic casing 20 is preferably formed in refractory
steel (as, for example stainless steel AIST 310 or 309)
and the support 30 in refractery steel (as, for example
15 stzinless steel AISI 310 or 309), but other type of
material can be used, depending on the adegquate process
temperatures.
The metallic casing 20 presents a prismatic shape, for
example, a cylinder, having wall extensions 20a which, in
20 the cylindrical shape, comprises a surrounding side wall
and an upper end wall 20Db.
The metallic casing 20 is inferiorly open so as to be
removably and hermetically seated and locked on a base
structure B to which are adequately mounted component
25 parts operatively associated with the reactor and which
will be described ahead.
The plasma reactor 10 of the present invention further
comprises a heating means 70 mounted externally to the
plasma reactor 10, that 1ls, to its metallic casing 20, in
30 order to heat the latter and the interiocr ¢f the reachtion
chamber 23, for example, producing heat radiation from
the metallic casing 20 to the interior of the reaction
chamber 23.
The plasma reactor 10 is also externally provided with an
35 ocuter cover 11, generally made of carbon steel coated
with an adegquate heat insulating means (aluminade and

silicade fibers, for example) presenting an adequate



15 81b that are opened to the interior of the heating chanber 13, said air
circulating neans 81 being able to produce a circulating airflow in at

| east part of the interior of the heating chanber 13 and through the
suction and di scharge nozzles 8la, 81bw In case the air 20 circul ating
means 81 is nounted externally to the heating chanber 13, the suction and
di scharge nozzl es 8la, 81b take the form of tubul ar extensions opened to
the interior of the heating chanber 13. The ventilation system 80 can
further conprise at |east 25 one air exchanging neans 82, generally with a

construction sinddgk toH that of e Rhl Cidiewkaly ngnaeange8ioangd ahso

positioned externally.to the outer ver 11..The air_ e angi n ns 82 is
provi ded with ataslsgg'é%yoﬁg %ﬂ%‘iliji gﬁ (r%l§§z g%g %lé;nﬁg%a{ngi )é%&;targ#leg%iwg@ﬁarge
nozzl e 82b 30 opE#ddngoreResi nfer defining e hedltity Clrakser 183 2re8rd air
exchangi ng neanstf2nbeahyi @l s@iggnpecied in@ide dhicrade s8s0 «Hiet t83,
general ly op%neg(letaqihﬁemggﬂg)%here, and to an air exhaustion duct 84,
general ly opened to the atnosphere. The air exchan?ﬂi ng. means 82 can be 35

constructed in amf &G8HURTY ™FRitne’ Kiio@R fFat e torf=EoPhst o-55ssvrae a
control |l ed supplasesaktat nds phewitedaiin tthethal i errgreicor woth athd esstaldne
res pfact 't vet L egi ?&S%ﬁt be, h%ﬁéiﬁghth%l hga;em@@r%ﬂénbteyﬁhiﬂagdghrg%g nagteeand
expel s (0} e a S r . rou e al.l,exnaustl on uc a .
coPresponding aﬁg%hgﬁgﬁfﬁﬁ%t%ﬁF%§Q’2Beﬁ89e5h?r%$%%ﬁ ﬁO§§§t£%hé&?5§€égﬁive
i nner regionff %hes heaii A§ charbinrg 13ut Sthe | pre RN tef fnoenithgna éertain
heating degree ofuidtheri prekrinedi ans <ot ithel deadydignchaneimpldsitheat

ntensity of the aif glroulatin.ar.alf, GXananes Wb e, heali g chamber
13 can be achieved by different ways, such as, for exanp %, y varying the
10 operational speEd"df & ViEHt iITIAEFnGOWRANS, 2REt PYITASCr 4LE], 2orl B¢ tvar yi ng
phe posi tioning dﬁe tsme t i on eno gefd ebmﬂlagdnaan$ea;ﬁ somn@ﬁsbhétgnrﬁqZﬂie In the
B1 whi ch al S0 pertormThe 18 {aRlon of Al xehana no mass G2 eg S
means bei ng consttefEd?t 'tﬁa%gn?f¥a??ﬂﬁﬂﬁﬁ&ngeﬁﬁﬁ%giag %%%ﬁ%igﬁ@qﬁﬁtely

controll ed to alpwwuger faorsinvylangnoneiofleheifuntt ileastobaakr ofi ridwl ati on
and air exchange;i®atboness aboxe. n2fidy t Beagenst ngction ichkusirated in the
attached draw ngssdc tj,% ! ﬁgchlﬂ. nhé:xh nbnegzz%_% i 31R' Ogitt}gedln SHber it%rel Y. irWi th an
inlet 21 positione&'ln f e vertital axi’s of Che’ metal I1¢ casi ng Zéiof the
pl asma reactdt 19irquAadiEerntd shétodendeistiedicsterpite (Re thentsbie
gaseous charge f&omo2s 9ai,d thel etuc2ionl Antihids sebasds usdi-drs tdie, syiport 30

is formed by a plural ity of,gfdefd ng.ghiMct Wwesn3lthat, _neqhord zantal Iy or

substantially horizontally di sposed, thus deflglng pl ecé support or
mount i ng pl anes %Wﬁﬁ?laFeO%fVﬁﬁgﬁﬁ PSR HP i féction in which the gaseous
char ge The ventilation system 80 can further comprise at least

25 ocne air exchanging means 82, generally  with a

construction similar to that of the air circulating means
B1 and also positicned externally to the outer cover 11.
The air egchanging means 82 is provided with at least one
suction nozzle 82a and at least one discharge nozzle 82b
30 opened to the interior of the heating chamber 13, said
air exchanging means 82 being alsc connected to an air
admission duct 83, generally opened to the atmosphere,
and te an air exhaustion duct 84, generally opened to the
atmosphere. The air exchanging means 82 can be
35 constructed in any adeguate manner known in the art so as
to provide a controlled supply of atmospheric air to the

interior of at least one respective region of the heating



30 is fed through the inlet 21, said ordering structures 31 having through
openings to allow the gaseous charge to reach the pieces nounted in the
ordering structures 31 that are nore distant fromthe inlet 21. The

i oni zabl e gaseous charge is admtted te and exhausted 35 fromthe reaction
chanmber 23 by command of control valves, not illustrated, which are
automatically driven, for exanple, commanded by a control unit or other 12
specific control nmeans (not illustrated), but said control valves can be
manual |y driven. Wiile not illustrated either, the switching of the

anode- cat hode sygf gm.Gan ke c%ﬂgd ille 2 t]%r;g@gl calky o &he 4 heing 5

observed that thése neans for contro ¢ val ves and anode- cat hode
system are parti2ttuP 3§Bect§ ¥ dSPRot 2FestFFRASERED cofitEnt §dresént ed
herein. In the eododispentling | asturdat ed arditas aenticowneddabowe,ait Heastippor t

30 conprises mil éﬁ@'@eﬁ%&'ﬂr@' ﬁﬂgrs%g%’n a@fir Ehéoh%@'ﬁ{d NehaSdpectiwr es 31
electrically §ou§)Jr ed.to gg el ectrode 4 de anode- cat hode System

40 and whi ch are*THergo8§ eBV%ﬁd&cetrltﬁbne?%?@ﬁ}gs Eﬂrgﬁu?ﬁe T 0"¥KE ot her
el ectrode 41 of ré¢micawodé- tlat Houd igysekard;, 1l8ach of said ordering

structures 31 carfyi ngrédsiligasts onaenetial | dic-clhapi66€ ok t4 Destdipaled. The
conducting el erre‘p}htsn A2 Ct gpl gg#}_)rﬁ%"teh% %&B% eiéect glde 141 a ar gOSdtl oned in
et

the interior of the reac fon C ween t e orderlng ructYures
31, by using anydHdEqsate SuFportudt r iet ufert RAETE AR, bEYdETTREagby-h20
structural colunuggrelienments SZeaf thé supponten8latsel f tbhahsgcar rmiogs the

ordering struct uxms%;atba bgi.ng,, Oagy ﬂ-ﬁfeér%arﬁés% 1 BRUN S@i dhLongucti ng
el enents 42 elec%j%%dl |nsulate rel ation to the structure of the

support 30 provi t‘ﬁ%ar?%s E’Pl G%to]rjdéﬁsfcﬁ@ 98- structures 31 According
to the present |hlven‘tf|160n Bnd s aggenpeabedymantt), ustthared, athe beeatideg neans

70 is arranged s@uBS i@ air circulating means 81 which also perform the
15 function of air exchanging means 82, said means being
constructed with wventilating and deflecting means
adequately controlled to allow performing any one of the
functions of air circulation and alr exchange mentioned
above.

20 In the construction illustrated in the attached drawings,
the reaction chamber 23 is provided, superiorly, with an
inlet 21 positicned in the vertical axis of the metallic
casing 20 of the plasma reactor 10, in oxrder to
homecgenously distribute the lonilzable gaseous charxge from

25 said inlet 21. In this construction, the support 30 is
formed by a plurality of ordering structures 31 that are
horizontally or substantially horizontally disposed, thus
defining piece support or mwmounting planes that are
orthogonal to the direction in which the gaseous charge

30 is fed through the iniet 21, said ordering structures 31
having through openings to allow the gasecus charge to
reach the pieces mounted in the ordering structures 31
that are more distant from the inlet 21.

The ionizable gaseous charge is admitted to and exhausted

35 from the zreaction chamber 23 by command of control
valves, not i1llustrated, which are automatically driven,

for example, commanded by a control unit or other



heat adj acent wall extensions of said netallic casing 20 and extendi ng
according to a direction, usually that 30 coinciding with the direction of
t he hei ght of the reaction chanber 23 and which is orthogonal to the
nounting planes of the ordering structiares 31. Wth this arrangenent, the
heat radiated fromsaid wall extensions of the netallic casing 20 to the
interior of the reaction 35 chanber 23 follows a direction parallel to the
nounting direction of the ordering structures 31, making nore efficient the
di stribution, anong the ordering structures 13 31, of the heat radiated

fromsaid wall éééﬁﬁJon% ggrgfeJQQ%%IIlgogashggﬂggatgggramggg catihode

system 40 has it ect rodes 41 anode and cat hode of sai d
energi zi ng syst 8t Dy EgEhe Bl ealif ng™ Y, 056 P he @Iua S Bocess of
the invention, theusireckedodsthtyr, wheh sdiétichesgt hé dhedenefletrprthode

anode- cat hode sysiam 4Qn e coupied 4 ta'&%oﬁégﬁééﬂgz St u@tures xsallr@f t he

support 30, in icht |ece are t|on trode
41 being 10 yrofl ﬂ@ﬂ’ccﬁ@ngagh?ﬁ% 0 %OFec?rEggf %E#lnes

cat hode of the ah@d@n@@aw(#@oé?sﬁéﬁw@ @reec@anfclawlyrcéaﬁ?%ﬁ t*%ﬁitthéﬂOel ectrl c
power source 50not Nrddteipkasha SreesSesesdhinidi ebraitier the cl eaning

operation there s, eff t { Qs ndp g&g&pg@g@ Of
t her nocheni cal treat %ﬁoggﬁ%hglggg?zg %ﬁ N ? he. anode of the

anode- cat hode s?éPERﬁt|%9(ﬁﬁﬁﬂ§%§eFomPﬁEl$&ﬁwﬁ %ﬂﬂi@g Sﬁﬁg?%a% He ot her
el ectrode 910i sogt@tirdedstructures 31 electrically coupled to the same

electrode 41 of the anode-cathode system 40 and which are
interposed by conducting elements 42 coupled to the other
electrode 41 of the anode-cathode system 40, each of said
ordering structures 31 carrying at least one metallic
15 piece 1 to be treated.
The conducting elements 42 coupled to the other electrode
41 are positioned in the interior of the reaction chamber
23, between the ordering structures 31, by using any
adequate support structure that can be defined by
20 structural columnar elements 32 of the support 30 itself
that carries the ordering structures 31, it being only
necessary to mount sald conducting elements 42
electrically insulated in relation to the structure of
the support 30 provided with the respective ordering
25 structures 31.
According to the present invention and as exemplarily
illustrated, the heating means 70 is arranged so as to
heat adjacent wall extensions of said metallic casing 20
and extending according to a direction, usually that
30 coinciding with the direction of the height of the
reaction chamber 23 and which is orthogonal to the
mounting planes of the ordering structures 31. With this
arrangement, the heat radiated from said wall extensions
of the metallic casing 20 to the interior of the reaction
35 chamber 23 follows a direction parallel to the mounting
direction of the ordering structures 31, making more

efficient the distribution, among the ordering structures



As described 20 performng the (for exanple, oxynitration, both steps are
bel ow, the present invention allows cleaning and the thernochem cal
treatment nitration, carbonitration, cenmentation, oxycarbonitration and
others), in which aided by plasma, in ¥Bhe sane equi pnent and in the sane
thermal cycle and in which the anode-cathode 25 systemis confined in the
interior of the reaction chanber 23 in order to all ow plasm generation and
consequently utilize plasna reactive environnment to catal yze the reaction
of dissociating the contam nant nol ecules found in the netallic pieces 1,
such as oil 30 orgas cHwhestl £siidtedhereh eaiidgaopesatdmdionPusE nghet he

cl eani ng operatkg algﬁgcggﬁgélé& casing 20 is heated jointly with the
gaseous char ge, |éh i s also submitted to a certain heating degree inside
the reaction chaRdetTBFH6ROPE SRt Felras orts ?H%C¥%ﬁqﬁﬂ:ﬁgnd inste 35
gaseous plasma b iwors sonid i butescdtbotibe dfeatahd ehetbezimi esyotreraf t he
reaction Chagbebﬁzi%ganghé Ot fighitAPUJAALEQR 8F the £eRLAM Pats Bbeing

di ssoci at ed, bo%

of the ancde-cathode system 40, is coupled to the

e invention, the electrode 41, which defines the ancde

crdering structures 31 of the support 38, in which the
metallic pieces 1 are positioned, sald electrode 41 being
10 grounded, whereas the other electrode 41 which defines
the cathode of the anode-cathode system 1s electrically
coupled to the electric power source 50.
In the plasma processes in which after the c¢leaning
operation there is effected, in the same reactor,
15 processes of thermochemical treatment, the electrode 41,
which defined the anode of the anode-cathode system, is
coupled to the power source 50, whereas the other
electrode 41 is grounded.
As described below, the present 1invention allows
20 performing the cleaning and the thermochemical treatment
{for example, nitration, carbonitration, cementation,
oxynitration, oxycarbonitration and others), in which
both steps are aided by plasma, in the same equipment and
in the same thermal cycle and in which the anode-cathode
25 system is confined in the intericr of the reaction
chamber 23 1in orxder to allow plasma generation and
consequently utilize plasma reactive environment to
catalyze the reaction of dissociating the contaminant
molecules found in the metallic pieces 1, such as oil
30 ocrganic molecules in the cleaning operation.
During the cleaning operation, the metallic casing 20 is
heated djointly with the gaseous charge, which is also
submitted to a certain heating degree inside the reaction
chamber 23 upon plasma generation. The formation of the
35 gaseous plasma of ilons contributes to the heating of the
interior of +the reaction chamber 23 and to the

vaporization of the contaminants being dissociated, both



14 in the cleaning operation and in the thernochem cal treating operation.
Besi des contributing to the vaporization of contamnants in the interior of
the reaction chanmber 23, the external 5 heating of the latter allows the
gaseous plasma forned therewithin to be obtained with | ess energy
consunption. The resistive heating, provided externally to the reaction
chanber 23, avoids the existence of cold walls in the interior of the
|atter, that is, in the 10 environnment in which the netallic pieces 1 are
subject to the plasma treating process. It is necessary to avoid the

exi stence of cofd walls i Lihg i HLerdibnof atde heagtd ornehashemi2as for
exanple, in the Thitral phase "of heating the netallic pieces 1, since the

oi | evaporated FrThifHeOBS P E%s being treated tends to deposit on the not
sufficiently hemtsdesneentrigiioits 6o tthe venetioificharbeFoRRNIRISS t he
addi tional and gengralily  r-est st venexiihabn herdnibeg aeoi dse t drecearniadt ence of

wal I's or regions of the 20 re t|on ch%gr 23 RLESSM I gagr[%rrpfdﬁ;egres
i 74t e Santer (e

| oner than thos®Bf¥af contam nant's, of the
vapori zed oil, Tediingirheo c%d@#@é??@nw% 1&éﬁo%fr‘eﬁ%fn CBFS‘&IPJQE% nants in
t hese cool er r efhONSr&fi € er e&@htﬁ)ﬂg,chagmenc@a betermalslai d toonttd® nant s

are 25 exhaustedé L Suct 'a%Bext ngugp UM-s¥steMm 0o 1hrouals t he
outlet 22 of the Hetallic casi ng Eor t tOC| eani Egﬁoperat ion, d he

netal | i c piecesin tihde ﬁﬁﬁﬁé§§ed°$retﬁ%5| fiféd ofi'fhe ofderi'hg St uct ures
31 of the S]J@pOéivﬁﬂmiﬁ@t{mt ¢d vmisitdehehset@blitd eAcchanbeare23ublect tO
electrically ins 3; rggbégﬁhéngfgcggg CASIiRg nd@esfXy} N bheigl@ani ng
operation, the su 't 30 def| e anode of f node-gat system 40,
whi ch anode is @?Hﬁﬁﬁ%ﬁ CW%é?@' EE c%ﬂdg% i hy- %E%E%§5t§% ggggzonnected
to an outlet of chivdet &t r |f@rp@mmp%*%urléet$3@" lBSt%"hl g & peREHy al |

acting as the C@B@qﬁ&mlltdﬁelebegtu calndd sehkabge. eThedattedr fopmothd he

reaction ch 23 1s .maintai atposphesrd G prgssune As: and
with desire vaPﬁ%%eﬁcnb%ﬁ%g fS?%% FTon 5%Hg aina |%&5 he coeanlnggﬂgeratlon

by using the vaéubfisysttdm Geat%@CHHFﬁeESFl?%%ﬁ?eﬁpg 5%%%&9 fhto the
reaction chanbep323, through inlet 21 of the netallic casing 20, 5 before

providing the ehggLri q:*’ﬁ' di geharge: fbnfdheg&?éﬁqtig ofedikeiapodeteahhode
system40. In a wa

gaseous char ge, hﬁﬁgfﬁ%;%ﬁégﬁ:ﬁ 8%%%%5”%ﬁ cgﬁ%Pkgés % %?5“%EE kg%'ffbtgn
al so conpri 86 argasebus chamber 23 presenting temperatures ower
those of vaporization of the contaminants, that is, of
the wvaporized oil, impeding the condensation and
deposition of contaminants in these cooler regions of the
reaction chamber 23, before said contaminants are
25 exhausted, by suction, through the vacuum system 60,
through the outlet 22 of the metallic casing 20.
For the cleaning operation, the metallic pieces 1 to be
processed are positioned on the ordering structures 31 of
the support 30 mounted inside the reaction chamker 23,
30 electrically insulated from its metallic casing 20.
During the cleaning operation, the support 30 defines the
anode of the anode-cathode system 40, which anode is
grounded, whereas ‘'the conducting elements 42 are
cornected to an outlet of the electric power source 30,
35 in negative potential, acting as the cathode of the
electrical discharge. The interior of the reaction

chamber 23 is maintained at a sub-atmospheric pressure



10 m xture containing hydrogen and at | east one of the gases consisting of
argon, nitrogen, or a mxture conprising oxygen and ot her gases, as for
exanpl e, nitrogen. The selection of the process gases will depend on the
nature of the substance to be elimnataesl fromthe netallic piece 15(for
exanple, oil). For exanple, the gaseous charge will conprise: hydrogen,
when the contam nants to be renoved fromthe netallic pieces present
reactivity with hydrogen, or are based on hydrocarbon chains that are

di ssoci atedin 20 gases based on carbon and hydrogen (methane (CH4), for
exampl e); = oxygef Wien,  he. can! amnant $cto e emyedd rom ife et | i c
pi eces present reactivity with oxygen, or are based on hydrocarb chai ns
that are dissoci Elﬂ%d‘?:'r?%n@aé’%r%és% &Y EEBBN Bhd Y Ge YT CHr b (E A

di oxi de(CR), forhexgnpled) ; iomizdaleesgadesar gon fal hypteogere okeaxlyigen, when
a higher el ectrop,gdansi tys,i ssdesiyhednfor i ssocial imgtiheccentadg nants to

be renoved fromthe netalli,.c pieces; and 30 - xt.ures of nitrogen and
argon or hydrgge%eg?r%@’boevﬁ,d*aﬁeﬁh?h laeccgcﬁtlgﬁllng}h L% é:h%v%%tel?orcgem t he
met al | i ¢ pi eces héviehe paiadedicgtlyedaatsvehetatid itated by the nmixture of said
gases. The di ssoghatd oRapf o8t hefrgonyautantndagessdés: aksoed5 gpossitd e with

the principle Of.tf@%g%ﬁ%e gsé?%%S%F%QgeIhQHna{ﬁbth@g%E% e% eEQE&&HPaning

oper ation consis%%nln. socCl a e ol | "nol ecul es ron

bonbar dnent,  16PERIH G TH A%EFht 8RIndleSaRe ISP FAERBUR® r AdPEEF Shi ch

are elimnated fhoptite deaetndng dhairbeen23ndyatexizasst omg dthehgasesers

charge and cont agblgg{g&nfgr o(g@tgggdzﬂs!ﬁemto@ghgofw I2n I@Meofcoglgﬂyi@ out
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the range of about™ t 0°500C, depending on the nature of the
contanmi nants to Beref¥Ffindredle| pREIRIF SRPEAT nehtl “CRBTS%Hport 30 and the
metallic - hydrogen, when the centaminants to be remcved from the
metallic pieces present reactivity with hydrogen, or are
based on hydroccarbon chains that are dissociated in
20 gases pased on carbon and hydrogen {methane (CHy), for

example) ;

- oxygen, when the contaminants to be removed from the

metallic pieces present reactivity with oxygen, or are

rased on hydrocarbon chains that are dissociated in
25 gases based on carbon and oxygen (carbon dioxide(C0Z),

for example):;

- mixtures of argon and hydrogen or oxygen, when a higher

electron density 1s desired for dissociating the

contaminants to be removed from the metallic pieces; and
30 - mixtures of nitrogen and argon or hydrogen or oxygen,

when the contaminants to be removed from the metallic

pieces have their dissociaztion facilitated by the mixture

of said gases.

The dissociation of other contaminant bases 4is also
35 ©possible with the principle of the present invention.

The main principle of the cleaning operation consists in

dissociating the oil molecules by electron bombardment,



15 pieces 1 to be treated are surrounded by the plasma generated with the
el ectrical discharge and bonbarded mainly by el ectrons generated in the

pl asma. The second el ectrode 41, which in the cleaning step receives the

el ectrical discharge and actuates as the cathode, is 20 bonbarded mainly by
ions and consequently heated. As the heat produced in the cathode warns the
netallic pieces 1, for the cleaning operation, the heating neans 70,
external to the reaction chanber 23, supplies the additional anount of heat
necessary to obtain the heating 25 rate and tenperature required to avoid

condensati on of the ont aninan ner Leact chanber
23, said heating ral% lnﬁd ltnerrpéﬁgé)%rr%o %g:u% s OWJ?!ageocH gépeﬁ%eﬁgﬁ}l of the

pl asna par anet erare nﬁltaénﬁr%rtéﬁef%?%t% ]“B%’fe%j?’ &Y BrOYrETd so as
to 30 catal yze theereackbaon cfhadigesomidt chgtéhenarilsecttes dhet hinside

contami nant, such,as. f0r ©xamke, o8ilarAS3l beadynseptd ened ntbe: far,mati on
of gaseous pI asma can al so contribute with part of e hea%) gg %'iﬁthcr
interior of the FRActSBREhaADercZ3 Peqiit V@C%fd CohdeRSat TS of 35
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electrode 41, which in the cleaning step receives the
electrical discharge and actuates as the cathode, is
20 bombarded mainly by ions and consegquently heated. As the
heat produced in the cathode warms the metallic pieces 1,
for +the cleaning operation, TThe heating means 7C,
external to the reaction chamber 23, supplies the
additional amount of heat necessary to obtain the heating
25 rate and temperature required to avoid condensation of
the contaminants on the inner walls of the reaction
chamber 23, said heating rate and temperature being
programmed independently of the plasma parameters. These
plasma parameters are adjusted or programmed so as to
30 catalyze the reaction of dissociating the molecules of
the contaminant, such as for example, oil. As already
mentioned, the formation of gaseous plasma can also
contribute with part of the heating of the interior of
the reaction chamber 23 required to avoid condensation of
35 contaminants on the inner walls of the reaction chamber
23.

The use of a heating means 70, external to the reaction



20 operation of the netallic pieces 1. Since there are no residues inside
the reaction chanber 23, because the oil and other contam nants are
conpletely elimnated by the nol ecul ar dissociation activated by the active
species generated in the plasma, the livad of netallic pieces 1 25 can be
treated inside the sane plasma reactor 10, upon conpletion of the cleaning
operation of said netallic pieces 1, by raising the tenperature in the
interior of the reaction chanber 23 to val ues conpatible with those
required in a deternined t hernochem cal treatnent. 30 In the solution of

the present inventjon e pl rea ro 20 gl%g r cgﬁomrlll@egn@ saM t chi ng
system 90, whi ccﬁ’ 5#’ hve? snants e%tpr)lgl ar { (ﬂﬁ e .anode apd the

cat hode of the T@W@Qén@a‘#%()wp@?ég‘éﬁ? £ %OOPF%JE CLénrr%P%I PEHCEc8s 1,
whi ch during theaecl eantngowpestainiben 383w tds divedadci asi owvaifdiggl ARE

contam nants are.gGes dérbkyvg;smecatrﬁld dR it hesanode; fAfen agrneckedat o the
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by pl asna. Wt HeREhE88entt nvBAt |“t?rifatSL§1é%l afRgand h(ie%mnggﬁerﬁ(ﬁ
treatment oper atdsansrcarpi.edroathdy m%mageoccﬁfes‘#%tlt% $ERE pl 48
reactor, wth ng need,ofisbates rupy i@ rthedheatdangatAbtier sydtenclidanisng

operation, with the r dnoval_of cont an. arwt_hgul AW 0|g 1h8ind,
t her nocheni cal Waé:atﬁg‘ﬁt %% Fati o s S arteg Eﬁ e pl

rEF ars]Cma reactor 10
10, by introduciomplethipughtbhe Petatlizl é’fleFFi% tal 7T j&‘%s
charge of iqni Z@giﬁl%ﬁaﬁeﬁemm@l tdre that echoamofarttse saabt a@nmelharﬁmm 23

whi ch can be SI ta(ilwe o&eehsuged in the cI eanl ng operati on or contain
det er m ned speC| gases fior e desire
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mter o1 of Me LERELOn 20pChAIDEt ok AL CMAUSLLNgY Bt gasaRanc
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The contaminant wvapor is discharged from the reaction
chamber 23 jointly with the other gases produced in the
plasma operation, upon completicn of the cieaning

20 operation of the metallic pieces 1. Since there are no
residues inside the reaction chamber 23, because the oil
and other contaminants are completely eliminated by the
molecular dissociation activated by the active species
generated in the plasna, the load of metallic pieces 1

25 can be treated inside the same plasma reactor 10, upon
completion of the cleaning operation of said metallic
pieces 1, by raising the temperature in the interior of
the reaction chamber 23 to values compatible with those
required in a determined thermochemical treatment.

30 In the solution of the present invention, the plasma
reactor 20 further comprises a switching system 90, which
allows inverting the polarity between the anode and the
cathode of the anode-cathode system 40, so© that the
metallic pieces 1, which during the cleaning operation

35 with dissociation of oil and contaminants are necessarily

connected to the anode, are connected To the cathode of



inverted, so that the nmetallic pieces 1 are connected to the cathode and,
upon generation of electrical discharge 25 in a gas m xture specifically
defined for a determ ned thernochem cal treatnent of the al ready cl eaned
metal lic pieces, carrying out this tretnent in the sane plasma reactor 10
and in the sane thermal cycle. It should be noted that the present

t hernmochem cal 30 treatnent process can present alteration in this sequence
of steps of feeding a charge of ionizable gases and of inverting the
polarity, w thout changing the result obtained. After the adm ssion of a
new gaseous charige arhodkec3thodw ersgisppmof 4pol & t ywhef thermnddericat.hode
system 40, the thersmehen,¢abiddgat ment process further conprises the steps

of : mai ntai ni nghrrhtehlnt rior of the reacti n hamber 23 heat ed fromthe
outer side of the “r ealt B arﬁL&VSB t| ng"Fhe EERPEFE ur @nd

therewithin to t‘qﬁ@nﬁ@@éﬁ@iqﬂ@hmm@dmﬁﬂtt%@éspnedcmﬁeeﬁceutﬁw roclseri cal
treatment; appl ydargiranig! egid i @ahediﬁéﬁﬁtégeréébttoﬁe Sutat hede, nddy opger to

provoke the for e sma of ions surrounding the netallic
pieces 1 and ther@iétf%ugfu%%g&?e %%%EEI ni ¢ bonbardnent on the netallic

pi eces 1; and prpoﬁﬂe&‘ nGhEheCoRMALSE | ORSERtIPRy gadédus tBhar ERITHEm Ohie
interior of the ceaehioanthanbenr23cuidlvn téie ,t heti®cherkeadcHdreaknent
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support
PP the suppert 30 and the metallic pieces 1.

The ionizable gases of the thermochemical treatment
operation are fed into the dinterier of the reaction
20 chamber 23, after exhausting the gases and vapors of the
cleaning operation therefrom.
The polarity between the cathode and the anode is then
inverted, so that the metallic pieces 1 are connected to
the cathode and, upon generation of electrical discharge
25 in a gas mixture specifically defined for a determined
thermochemical treatment of the already cleaned metallic
pieces, carrying out this treatment in the same plasma
reacter 10 and in the same thermal cycle.
It should be noted that the present thermochemical
30 treatment process can present alteration in this sequence
of steps of feeding a charge of ionizable gases and of
inverting the polarity, without changing the result
cbtained.
After the admission of a new gaseous charge and the
35 inversion of polarity of the ancde-cathode system 40, the
thermochemical treatment process further comprises the

steps of: maintaining the interior of the reaction



25 30 is connected to the negative potenti al

50, through the el ectrode 41 which actuates as the cathode of the
el ectrical discharge, whereas the el ectrode 41 which had the cathode

function before is grounded, actuating?as the anode of the electrical

of the electric power source

30

di scharge. After this inversion of polarity, that is, with the netallic

pi eces 1 on the support 30 connected to the cathode of the electrical

di scharge, the
carried out in

and nalntalned
oper at i ons,
Pascal (0.1 Tor
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phbbbized faou RasHBiggnenat ik@Raustion of the gaseous
charge from the intericr of the reaction chamber 23.

In the thermochemical treatment operation, the gaseous
charge supplied to the reaction chamber 23 comprises, for
example: a gaseous mixture of hydrogen and nitrogen, when
the thermochemical treatment is nitratiocn; a gaseous
mixture containing hydrogen, nitregen and carbon, when
the surface thermochemical treatment is
nitrocarburization or carbonitration; a mixture
containing hydrogen, argon and carbon, when the surface
treatment is cementation; and a gaseous mixture
containing oxygen, hydrogen, nitrogen, argon and carbon,
when the surface thermochemical treatment is
oxynitration, oxynitrocarburization or cxycarbonitration.
Other gases c¢can be used, depending on the desired
thermochemical process.

For the thermochemical treatment operation, the support
30 is connected to the negative potential of the electric
power source 50, through the electrede 41 which actuates
as the cathode of the electrical discharge, wheareas the
electrode 41 which had the cathode function before is
grounded, actuating as the ancde of the electrical
discharge. After this inversicn of polarity, that is,
with the metallic pieces 1 on the support 30 connected to
the cathode of the electrical discharge, the desired step
of thermochemical treatment by plasma is carried out in
the same plasma reactor 10 and in the same thermal cycle.
The gaseous charge to be jonized in the reaction chamber
23 is submitted and maintained, in each of the cleaning

and thermochemical treatment operations, at a sub-



The process of the present invention, including the cleaning and

t her nochem ca

treatnent operations by plasma, can be used for netallic

pi eces 1 produced by powder netallurgy or by other nmanufacturing processes

15 (for exanple,
process of the present

machi ni ng, stanping, 260l d extrusion, and others). The

invention pronotes a cleaning of the netallic pieces

1 in the plasma reactor 10 of the present invention in a period of tine of

about 3 hours,
t he t hernocheni ca

hour s.

with the total tine, including the cleaning 20 operation and
treatment (for exanple, nitration) being of about 6

This pro
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utilized for plasma generation.

The process of the present invention, including the
cleaning and thermochemical treatment operations by
plasma, can be used for metallic pieces 1 produced by
powder metallurgy or by other manufacturing processes
(for example, machining, stamping, ccld extrusion, and
others). The process of the present invention promotes a
cleaning of the metallic pieces 1 in the plasma reactor
10 of the present invention in a period of time of about
3 hours, with the total time, including the cleaning
operation and the thermochemical treatment (for example,
nitration) being of about 6 hours. This processing time
can be changad, for longer or shorter periods of time, as
a function of the nature of the contaminant and of the
thermochemical process.

The heating means 70, external to the reaction chamber
23, warms the inner walls of the metalilc casing 20,
avoiding deposition of contaminants, such as oil drops.
It is possible to maintain the plasma stable and to
dissociate the whole charge of contaminants from the
metallic pieces by the plasma generation, as well as
maintain the reaction chamber 23 deprived of oils and
socot, allowing to give continuity to the heating and to
subsequently carry out the process of thermochemical
treatment with the help of plasma in the same plasma
reactor. By using the auxiliary resistive heating system
and keeping the reaction chamber 23 at about 500°C, there

is no occurrence of any type of deposition and soot

' the
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the auxiliary resistivé heatin ystem and eeplng5ége %ga %ongégggber
deposition soot

23



formation, and the electrical discharge is kept totally stable, allow ng
the conplete renoval of contam nants, such as oil, in approximately 3
hours, via nolecular dissociation. Both the final tenperature and the
cleaning 5 tine can be alteree as a fumction of the chem cal nature of the
contam nant. After this cleaning step, in which the netallic pieces 1 were
connected to the anode, the polarity is inverted and the support 30 of the
nmetallic pieces 1 is connected to 10 the cathode. After exhaustion of the
gases used in the cleaning process, the tenperature in the interior of the

rﬁacti OR Chan}Je';:o%%éi%ﬂ,aia%@d,tnleorelgg&ng @iééchtarﬂgggﬁ.gCﬁéﬁt ofotally 800C
t her mocheni cal treatment, to values between about . t .
Upon changi ng tﬁgagﬁﬁrgﬁlﬁpufﬁéi%ﬁ%e%ﬂgﬂ%ﬁftdfgwfgi gr%g?gggfgg%ﬁydrogen
and ni trogen andubleagisngrilhe ¥eadpPoexittditBer ht heehper Btur 881petimen 480C
and 590C, theregisseifaciad tben plrasmanait tatgaanuoe atdehet heeamoheni cal
20 treatments |0;L0e.SAne. lasiB. reacl Of,deald Lo the SR Eehalcycl e,

resulting in the reduction o otal processing tine and energy
consunption, tha@§ FeRIwdI g ERd2pr oduction cost. Qther tenperature ranges
are possi bl e (teamperathiresclkiaghes strep ower whhah the margdici pedcas tan 25

exanpl e) and th%r@rso&?ééjt%adtést@e faRclkl 0P OfpdiRe ity Pes ofndheraoghem cal
treatment to be Berforne . EQ%%?Eﬁﬁllkﬁﬁﬁéeges'é megg.gy%%%%chndtgg pl asma
reactor 10 in af™FndtERTTalI*ScH &S F het Fe® Bperati®ons "of “pfasia
cl eani ng andi0t héhpocemazal treatnent, such as 30 plasnma nitration, were
carried out in hRec.sanBHEIBL GYC| @he SajeFet abdd C ipi eces Liwenengnal yzed
by 9511 o a0, BLESLLEN, 4, RGRERPY:, o5, YRIJ FRDNo XA Lol
chamber 23 is raised, for carrying out the process of
thermochemical treatment, Tte wvalues between about 350°C
15 and about 900°C.
Upon changing the charge of the gaseous mixture to, Zfor
example, hydrogen and nitrogen and heating the reaction
chamber at temperatures between 480°C and 590°C, there is
effected the plasma nitration, or other thermochemical
20 treatmeni, in the same plasma reactor 1 and in the same
thermal cycle, resulting in the reduction of the total
processing time and energy consumption, thus reducing the
production cost. Other temperature ranges are possible
(temperatures higher or lewer than the range cited as an
25  example) and that are defined as a function of the type
of thermcochemical treatment to be performed.
The metallic pieces 1 were treated in the plasma reactor
10 in an industrial scale, in which the operations of
plasma cleaning and thermochemical treatment, such as
30 plasma nitration, were carried out in the same thermal
cycle. Said metallic pieces 1 were analyzed by optical
and electronic microscopy, as well as by X-ray
diffraction analysis. Results show that the nitrated
layer obtained is similar to that obtained by a
35 conventional process, that is, not effected in a single
thermal cycle and carrying out the cleaning operation by

traditicnal processes with organic solvents and removing



| ayer obtained is simlar to that obtained by a 35 conventional process,
that is, not effected in a single thernmal cycle and carrying out the
cl eaning operation by traditional processes with organic solvents and
removi ng 22 heat using other equipner2. However, it is inmportant to point
out that the total treatnent tinme, when the treatnment is made by this nove
process using plasma to renove oil, is significantly shorter, resulting in
hi gher 5 productivity. Mreover, the process of renoving oil by plasna does
not use pollutant reactants such as hexane and others, which are
tLadi tionally ugeg: i ﬂsirhgel&chu%lfi fé%gbiﬁlln&aﬂi n.‘g:%m@'\%%esitf Asf dlimpdilﬁtfargtd\/c&i‘lt age of
the present process is re ed tg t se of t nf | C - 10 anode
syst em 40 mhichpgiT%méngha?Fag dgh aﬁgggftduﬁgtﬁggg é%%%ﬁ tﬁ%ggigggi in the
support, therebyredteastngst madsr 8vi $hoh BPVAL GrcsP AFplft PHRSTHH des in
t he sane vol unerefotdeineacki onyrclrmmaar123siendlear, thsulttidg zat higheof
equiprent Wigh pEOMESL AlIRNH088,LOT Lhe SaBE.dD BF OB Yo11a5,Lompar ed
r y y, t

to the ot her kndown prior t systens._ Fina e use ofhthe sanme pl asma
reactor 10 to pBEFEFN BAR® sPRpsUdt BPEHTAMG (G- BREPpFRST of f ?%ﬁﬂvgl) and
t her nocheni cal tneéattments,( siidbhasrai tratitdonalby wsichgnt Héecohtinetd

cat hode- anode system 20 Wibth.8n ext ennahekesiflinvggheald ngnd epdssdo: a
substantial investnent reducilon. Wi | e oq&y ane_way g, Qut t he

of ..car.ryi It
present i nvent i BROA%E® been® P11t &t ddhet i T i Y s ot d e %ﬁge?§?ood t hat
al t er at i ons1@anabedeasiestion £ReviiiorimadAdvar samgareri sbrnos tvebeonsed t uti ve
el ements, withoukoflgpanti pgebeomihheneonsigpdeti veneesseptldefimedeha t he

clains that aCC%gB\ar‘Jr.]gicgrpeoEr edse£|£851%e£0i grh&ﬁ'{f 00 p%%ces in the same
volume of the reaction chamber 23 and/or the utilization

of equipment with reduced dimensions for the same

15 productivity, as compared to the other known prior art

systems. Finally, the use of the same plasma reactor 10

to perform the steps of c¢leaning (for example, oil

removal) and thermochemical treatment {such as
nitration), by using the confined cathode-anode system
20 with an external resistive heating, leads to a

substantial investment reducticn.

While only one way of carrying out the present invention

has been illustrated herein, it should be understood that

alterations can be made in the form and arrangement of
25 the constitutive elements, without departing Zfrom the

constructive concept defined in the claims that accompany

the present specification.



CLAI M5 1Pl asma process for treating netallic pieces, which process
conprises using a plasma reactor defi4¥ing a reaction chanber provided with:
a support; an anode-cathode system associated with an el ectric power
source; an ionizable gaseous charge inlet; and a gaseous charge exhaustion
outl et connected to a vacuum syst elgLAWNT ei n t he process conprises the
follow ng cleaning steps: a) connecting the support to the grounded anode
and the cathode to a negative potential of the electric power source; D)
posi t i bni ngPtadsnaetaddssdopireatisg onctelis sigppdr vhich nrheeshrempsisesfusing
reaction ; ) 4 S&LEQundi the t tal ld iec W th
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i nt eri anodé-adtbodesysiton ghandetgd tvotly apoeiegatic arowanperiaeuresionfizgthe
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t 0 t hecommdcigd, t¢ ra ordennt syptaovokedrieen ftoe nptdcessoforapgeseths fplawna of

i ons V\{:IEQnm ggegg.neti c energy surrounding the netallic pieces and the
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r eact ob) whisgthoriisg usedmietaltinepipres ews thongurpet imnheuttarioc ofethe eeawtival | i c
casi ngcié)é{%gped internal to the outer cover with a distance from said outer
cover, eréi'n the reaction chanber is defined by the netallic casing, and
t hat i 0) stiepuddintdéhe uppioor aofl theemetslbtiwacehartiean wrhizabledgbsemuthe
outer sj f | ) S| d fromw thin the outer cover.

2Pr ocegé,gﬁga%(g%? ﬁﬁ‘éﬁ@% 'Jcela;éit%%lwc tgér}act erized in that the formation of the
gaseous) heladiswethef intenie cltiter idauties ttmrhiealt to hv@piontationterppetaterasesfcthieon
chambet, Aafhihgnkaperid 4l It A8DankS rReANE. Blet80chanadireathTh AFESS,
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char geircenpr ¢fsibs repdiiogehantren t he contaminants to be renmoved fromthe
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gaseougaintained in gaseous state, from the interior of the reaction chamber,

characterized in that the plasma reactor which is used in the process comprises an

outer cover; a metallic casing provided internal to the outer cover with a distance
from said outer cover, wherein the reaction chamber is defined by the metallic
casing, and that in step d) the interior of the reaction chamber is heated from the

outer side of the metallic casing and from within the outer cover.

2 Process, according to ¢laim 1, characterized in that the formation of the gaseous
plasma of ions contributes to heat the interior of the reaction chamber and to vaporize the

contaminants being dissociated.



charge conprises m xtures of argon with hydrogen or oxygen when the
contam nants to be renoved fromthe metallic pieces require a higher

el ectronic density for the dissociation. 6. Process, according to any of
claims 1 or 2, characterized in that the gaseous charge conprises m xtures
of ni t & ogenPrictss, arcgadingrio mrgiajmemcieimszygem ohbeetdrized gorbainineagessous be

renoved fromthe allc S have th |ss t C t he
pr esent & dF CHWF'B%SehyArogien &l CO”&'&B?%F Itlo Yo rﬁfﬁxg,e%oko?\m & r%eta%%‘é)gec@é

char acgmer i gethddn bhatconadntieantst gpesertiod tﬂeecmha(anmg omg:fragemn andt bpcl udes
addltlonl e of thernoche aII treat t he surface of t I1ic
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ener gi gatrbggn. pol arity of the anode- cat hode system so that the support, with
the metallic pieces, defines the cathode; h) surrounding the support and

the netallic pieces with a new ionizabl e gaseous charge that is fed into
the reacti onrdd@aﬁb@fcordlag fRamt & ddimg 1t dre2 i dhbeictedizedn thitethe ga@eduemhadganber

heated fromthe oute of the pla react or, and ondCIn
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borbardnent on the metallic pieces; and k) providing the exhaustion of the
gaseous char

e fromth nterior of .the reaction chamher. 8Pr ocess,
accor dPng tgg‘?:‘?eé?n??cor 'Hlartgc?'lg? PE@If‘Wﬁ 1(&‘?5?&4@—%@%—@%35’%%3? ¢ 98P Sses a

gaseoughargtoshprieedhaktudigoiardoogeth rtodunt sogemenwen theeositdarhiaaats to
t her nochem cal treatnent is nitration. %Proceﬁcgggg grﬂggog to,cla
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cont ai ni ng hydrogen, nitrogen and carbon, Wnen the surface thernochem cal
treat [ B2~ bonitratjon or nit rﬁca]rburl %atl 10. . Progess h ar di ng
to cla m 7, PEREPETt BFFPSEUNY ntd A PheCl§dl800sCk ré%—&%ﬁ%—éeé' 533a ous
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7 haRER EE S AR, o e ARG oBh iy retelit, PREEE naE ABRO iR

cont ai athgtdyoy d@geesdricerodgrmoge@r gon, carbon and oxygen, when the surface
t hernmochem cal treatnment is oxynitration, oxynitrocarburization and
oxycarbonitration. 12Plasnma reactor for treating netallic pieces and
conpri §i ng #romisal hiwrdiag tmangef ichrimg,1-6, characterized in that, after step "f" of the

cleaning operation, it includes additional steps of thermochemically treating the surface of
the metallic pieces in the same plasma reactor, said steps comprising:

g) inverting the energization polarity of the anode-cathode system so that the support,
with the metallic pieces, defines the cathede,

h) surrounding the support and the metallic pieces with a new ionizable gaseous charge
that is fed into the reaction chamber;

i) maintaining the interior of the reaction chamber heated from the outer side of the plasma
reactor and conducting the temperature therein to the levels required in the desired surface
thermochemical treatment;

i) applying an electrical discharge to the cathode, in order to provoke the formation of
a gaseous plasma of ions surrounding the metallic pieces and the support, as well as an
jonic bombardment on the metallic pieces; and

k) providing the exhaustion of the gaseous charge from the interior of the reaction

chamber.



internally, a reaction chanber provided with: a support; an anode-cat hode
system associated with an electric pé@ser source; an ionizable gaseous
charge inlet; and a gaseous charge exhaustion outlet connected to a vacuum
system characterized in that it conprises an outer cover, wherein the

met al |8 ¢ caliargss. sicperdirigdedidimt e chalactenizedh & that Eie aeee@is, ChAIYECoaPIFes ance
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t he hetatmgniohaitrbton. externally to the netallic casing in order to heat the
|l atter and the interior of the reaction chanber. 13Reactor, according to
claim 12, characterized in that the heating neans transfers heat to the

interi@r of Ptdvess eactidony toldaitper, chyractadizad irothaf thergasheusmberdd janntigss ag.
14React or, ac N |.aj cha rized J a e PRAF;
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el ect rihgambyghemigal éetatmebhis sahenigladion raoddgrastrbuhzatianode- cat hode syst em and
whi ch are intercal ated by conducting el enments coupled to the other

el ectrode of the anode-cat hode system each of said ordering structures

carryi iy at Ptezass, sonerdingttelddin Tpicbareci_tedzdatintthefathe@_.ase%_ chsRearstnuIrises a
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duce Fom Ing tot Ihterror o e reaction
chanbetheoncahemicd reatdiengistoementitioect i on parallel to that of the ordering
structures of the support. 16.Reactor, according to claim12, characterized
inthat it further conprises a switching systemallow ng inverting the
pol ari iy bePraens,tdreomivgote daich 1, vbacatduiaee irofhat the gaseds dardodenFEes @m

gaseous mixture containing hydrogen, nitrogen, argon, carbon and oxygen, when the

surface thermochemical treatment is oxynitration, oxynitrocarburization and oxycarbonitration.

12 Plasma reactor for treating metallic pieces and comprising a metaliic casing defining,
internally, a reaction chamber provided with: a support; an anode-cathode system
associated with an electric power source; an ionizable gaseous charge inlet; and a
gaseous charge exhaustion outlet connected to a vacuum system, characterized in that it
comprises an outer cover, wherein the metallic casing is provided internal to the outer
cover, with a distance from said outer cover, a heating chamber defined internaliy to the
outer cover and surrounding the metallic chamber and a heating means mounted in
the heating chamber, externally to the metallic casing in order to heat the latter and the

interior of the reaction chamber.

13 Reactor, according o claim 12, characterized in that the heating means transfers

heat to the interior of the reaction chamber by radiation from the metallic casing.

14, Reactor, according to claim 12, characterized in that the support comprises multiple
parallel and spaced apart ordering structures electrically coupled to the same electrode of
the anode-cathode system and which are intercalated by conducting elements coupled to
the other electrode of the anode-cathode system, each of said ordering structures

carrying at least one metallic piece to be treated.
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15, Reactor, according to claim 14, characterized in that the direction of the heat
radiation produced from the metallic casing to the interior of the reaction chamber

occurs according to a direction parallel to that of the ordering structures of the support.

16. Reactor, according to claim 12, gharacterized in that it further comprises a switching
system allowing inverting the polarity between the anode and the cathode of the

anode-cathode system.



