PLASVMA PROCESS AND REACTOR FOR TREATI NG METALLI C
PI ECES Field of the Invention The present invention
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treatnment of netallic pieces, particularly porous
netallic pieces obtained by powder netal |l urgy, said
treatnent conprising a cleaning operation with

di ssoci ati on and renoval of oil and other organic and
i norgani ¢ contam nants existing on the surface or in

the pores of netallic pieces, and general I%//J al so _an
opJéIﬂ-%tWZ(’anP%@CEﬁ%rﬁﬂ@h@ﬁﬁ@ﬁpl’\ymﬁeﬁﬁﬁﬁ@mﬁe EPfLade SHLECES

SaFge]’_@t@fltﬁepf[ﬁggﬁtl%I ch operations are effected in

F—W—e—a—cm/mnnen% and, prefer in the
i nTRFi STt he 184FE tH&Zct BFTSBECKY? 0dndP F‘s%/‘ﬁe process and

| nveatton | nfopst ehet heteasesenthe pifecesmeprddiced Ipieces,

S?ﬁg:rlcu JE!L needt ﬁ%t%?ﬁli%l ']g?{e eg %&E%Entelaet}ﬁ%t powder

I'ng 3 I 'mensi ona variations
octwtal;ilmmg, Si n$@1<|ing tiedthent oidmpsisised i theleaning

ﬁhgfgueﬂ ?theqili%%ofcaaoctllo@ﬁ A0 veasof &Eeo@clah@e other

as we as to facilitate extraction of
pl%E%@nWonﬁPﬁ‘e dalgmrdtion FRRYININERES | seFFRE\Mlge on the

gsgdwt:ﬁ@éeswr %ﬂgsﬁenp@ﬁ:@@ ﬁﬁ?&%&a&gdcplp@’é@?elspf edureftnerally
Yy er nmanur ac ri ng te nLg or ex e, \

CeREPGer ARt OFCGAAbd Tbr HECHARPAGORFOh ¥r ebSRsAng  the
pi seefacdi migsatidi npebel hict el qureoper wheéshofopépations are
f'é‘kf?S‘éeB' eCLy. Sé’Chﬁ 2 JRar resistance, gars Iﬁ’éht and,

resi stance and fatlgu eS|stance there are o
usedcEaraatE, t har Fbehenitesiorr o4t maat §anﬁjc¥l¢a§stor

n| BhaklPPhungeRBNLALI ORx ek BANI tration, et c I n order
ernochem cal treatnents,

o_effect these thernochem cal
prégeﬁ%%sfof %Gi | tBR tRRSSAr f A akd ST hBrBQP€§dobehé°°Wder
pi meeslisrpyehudicical beespedicalattpdMageiheche sintering step

th rnDChem Cr"f" p(ﬁon(%eer‘?’éc’iglg is vegu]_:lea(l: gné” at}RJ:ltfasrgac Jpr during
ex H}e)le durlng prasna i eTat] on, - the oi ai ne

t heipbeesngnd Ioptivearsur pate iof whred pilacesher @dﬂl@égatlon to
instahLbli ¥i-e8¢iBnt BBd wear of the machine tools, as well as

to facilitate extraction of the pieces from the
calibration matrix. Oil 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.

Aiming at dimproving the properties of the finished
pieces, 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
these thermochemical treatments, the presence of oil on
the surface and in the pores of the pileces 1is
prejudicial, especially when the thermochemical
processing is effected via plasma. For example, during
plasma nitration, the o0il retained in the pores and on
the surface of the pieces produces instabilities in the
electrical discharge, contamination of the reactor,

inadequate formation of the superficial layers formed



el ectrical discharge, contam nation of the reactor,
i nadequate formation of the superficial |ayers

wo ovoragstor exanpl e, nitrates) and contam nati POT/BR2G09/000165

10

15

20

25

30

35

carbon of the material submitted to treatnent by neans
of an inefficient cleaning. Thus, the oil nust be
conpl et el yrenoved before the thernochem cal treatnents
of surface hardening. Conventionally, a chem ca
cleaning is carried out in ultrasound with organic
sol vents (for exanpl e hexane, petroleum ether or
al (@hol9xdmplteherniorioeed bydaCDQa@mmnaMMﬂﬂnwmﬁh carbon of

Hgﬁ§pqgﬁ%r9%ﬂta%%kﬂﬂtﬁ%Qfog%n Q&e%%%%%% 'Byanmeans of an

striral eléctric oven alnlng at elimna
Cdrﬁﬂféiﬂéiﬂsﬁréq | cifandpganitesi 808s FrlonftAk aeecegmpletely

Wl%?ndiﬁHHTL@éfi@ié NG hiee St htatho POEEEC AL e tpeasaph sWihsurface
g ner occurs in sintered steels, the cleaning is

%Qﬁ'dlfflcult besi des bei ng pol |l utant due to
th:earpaiﬂuﬂcarmw,odactshmiedall rclseneliqiows tecaatied out in

f%%% OUIQF %ﬁ%%?tbgggngg Cégf@é?%ces or exampl hexane,

t hernoe en1ca| t he sur are carried out
|rpett/ntplsaepraretlee§te§s ahcellileﬂ néurdgeirprent Lovgd chy a heat

F QoM 1165 B VEL ya%ﬁBQpHEQEe%%hQﬁlﬂl% HpaH e YOJ_200xy en in
hours, | eadi ng Eroduct|V|ty and "hi gh cost y
t@pu%%é%t%*ajobt ﬁﬂﬁF g8 cOiilet e arJéWdU%I of tﬁélE}fLPa 1ng

ansbr@d e 10f g Ctl@éldor@@ﬂigcanrésj:@néanfnamt shérpirethe. When

surface or_.pores_of he met al |
s 40T hiT neoe SrBefiianplourfitl venerally

th@mmmmmennca$1mteaedenﬂxﬁﬁehattbﬁ ofleandngi dceseprecially
trHﬂf%H@ﬁ%@erﬂggl8¥gl éﬂ&ﬂfr off@t@ﬁ@ndﬂéogﬁﬁeghéh?ollutant

process cl eani ng and surface treatnment object o
Brizizdduays gttt application Pl-0105593-3, of the same

apphi Cadhe aﬁﬁ@wﬁl n@r‘é@t%lgCh Iﬁét@ldd@cestlﬁ@ bepel:eameds of

are os;tlone ort prov nsi de .t he pl

r Y1 ohd>Bon %H%Q%F e 6? %ﬁg 9 atterSUthe %8s are

cxﬁimm&e@foealﬂnreaot@@gamaupcxtepﬂnzm dmsalnega6qwepment

poL,enty al . JI‘PeQS igz‘i%fdd“ﬁ% é@&%“@@%t @gglcally 20

pl eces I urroun e an 170 gas t ow pr sure

antours, 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
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 pieces to Dbe cleaned are
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
containing ions, neutral atoms and electrons, known as
plasma and which is generated by an abnormal electrical

discharge. The electrons provoke an electronic



contai ning ions, neutral atoms and el ectrons, known as
pl asma and which is generated by an abnor nal
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el ectroni cbonbardnment on the assenbly defined by the
support and pieces and connected to the reactor anode.

The generation of gaseous plasma in the interior of

the reactor allows the plasma reactive environnent

formed around the pieces to be used to catalyze the
reacti on of dissociating the nolecules of the oil and
ofocptteerdneodsi bhe thontassemint s driféniedg b the piumest and

ald auidng e apprdzatien Ofe saldbcontamaant s and the
conplete elitmnation thereof through, exhaust,ion, .under
vIRRUACTIREAR 10 PRsIORE oM RLGTHEL bR . Thfe INdgrior of the

gQg§kﬁkﬁﬂ By 16k ptasmepldsmi healdiiva ornofi rbasienitonsormed
an neu

ral atpns agai nst the cathod IS | .
SR o BT ovs qbouBpol oAt fon o TN el eufgppyion of
dihcsisa:scz:icataeﬂmjl the t hedteaudlpd riafy tdleevaritl chadgesfi nother
the nl. .er r te.to t al: h ;
U530 PESTES BEPeID SRR, 1l B8, Pk Meatoving
Hovesvevapphiphrhdan refaceaid ofordertidiainted nerei dife (gREPlete

ij{éslci%ﬂr?s%ﬂ&he;’e%edﬁas:ml@@}ff )e&%'a;@t%&'i@fn, underh vacuum,
SOocCl atl on O] e_contam nants I t, nay occur t

(ﬂﬁ?Qﬁeﬁﬂei%ﬁﬁﬁd?e%?dﬁgeo?e?ﬁEofea%?%rh?@ﬁa?ﬁngfageg Py the
t gdmpednad uriey Whheh degl 1sivfifdrei efit Egstowons arldwieutral atoms

condensat i of t ntan n or j t :
Congelinat | 9001 ABaRTL A ARl M90S SPELOTEL P provice
t hesprigdatioel gfcohd mmiecuylegilohsliofsedeappdsahl, without

I €Ak &Hr'ﬁfnféﬂéggﬁkngh%ﬂ%e%yﬁhemﬁﬁtﬁlé@%QOﬁabéﬁééers more
co unds that are harnful” to the subsequent surface,

t rRRATHAS . TRbIEIVERY 2§ nthRENY SRR t Rér AodiRdRtal 10 €3ch

t repddmitg opes 24 £ oM. occurring subsequently to the
cl eani ng operatjon and carried qu

¢ SRS 1 P Hoh BanbP AL B0 By L hehr AR I oRBEcTs (and in
enoeigie iro nhentabd tiesdieatingofatme lawhtde Piosessation of
IR SIS0 OO LSS AR innes
opes@tdmh has theerreactor 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
carbon-based compounds that 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
heat generated by the plasma is not enough to maintain
the heating rate and the process temperature required to
obtain the desired surface treatment.
Thus, even if the surface treatment operation has been
executed, as disclosed in said prior patent application,
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



executed, as disclosed in said prior patent
application, by reverting the electrical circuit
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surroundi ng the pieces wth gaseous plasma of ions

wi th high kinetic energy, and byapplying an el ectri cal

di scharge to the cathode so as to provoke an ionic

bonbar dnent on the pieces, there is a need to adjust

the plasma paraneters, not as a function of the

reactions of interest, but aimng to obtain

t emyEnding et evbestrhehdediAEhprasnaor dd cratihnde afe as to

:ﬂfdﬁaﬁg“aﬁnqxﬂﬁﬁﬁﬁﬁﬁﬁyafémeﬂ@eoﬁeﬂﬂﬂﬁdp§§&é§9ethere is a
atnment. In this case, the tenperature varlatlons

r RS b0 ASTHE T Fids AP aP%r@B?’é?ﬁéd 89%ta FUndt fBRCTLION
ofott he 1l eqtdacﬁca_mrm seffar getparanst esit batindae to obtain

situations may i n_which the intensit e
ol T L dERrgE SBRTrEd T PR SiPoa ety EhEorhat e

desne‘fﬁma'mhit enpecdat urese sadg to?Otme tbematdesiingd surface
mf%%%ﬂﬁéﬂ arcg, i nef § r Qgé'OnEﬁQV'E@ﬂﬂ@@étugéusbagiations

super |C|a damages s ont pi eces) .and
corrahi rRd | brsbye c*ala%oﬁe@@b%. 25 oﬁbFﬁén§E}r fgcas fgpction of

trﬁh@'@f@étrh@@@'thﬁhbﬂges%@&%ﬁéﬁgréfﬁ%@@CBQﬂbCahtuatlons
treatnents, beside q} t that the ther radi,en

el i vetyS anlrheﬂéblé: or mativ d r?ﬁg& ei £y° %rlcal
t heel § el amege | ayequi Fhe pforlsthe opraduesusnlvefhedemﬂgmlned
théggginatéﬁggtf%gdést$E9M@ f8r59€185t8flglg%%r9cal arcs in

NOWN T eact OF S €ré 1S provi an ext er nal
r ettt jvem st NG Qe ng Qe Bl hderpegidcial damages

poﬁﬁi@&@ CQHta@hgan%§£££Qﬂ1tnﬁup'a§§§t9@lﬁéﬂ§3nbey carbon

sintering. However, ‘in this known construction,
pi @225 165 bOTSUBRPt (BT TIESS t Peat st pFSFersenDWB@lrlng the
blw@é @ak CaHamdas e apphite@drite,t heesgdeborthe fact

dor eading o the f ¢ ol

et cohbarrak: | Brog “hhe Brleslvivy CutseR Rt tne
“hf@fmasl@ﬂraﬁd|hbmogheestbseﬁuéhe Sorfade leyeat-ment s.

UeRRDOREEVLKIGHT dRE BLoREEELEr HlstalRpot B1BSkENeactors

65 , There T's provi an inner resistive
hebt i gown dbt Bh@ Argh tenperatures sufficient to

refpvendecr these known reactors, there is provided an
external resistive heating for removing the binders and
possible contaminants from the pieces obtained by
sintering. However, in this known construction, the
pieces to be submitted to a treatment for removing
binders and contaminants are applied to the reactor
cathode, leading to the formation of electric arcs and
consequent contamination of the pieces with carbon, which
is harmful to the subsequent surface treatments.
In another known type of reactor disclosed 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
sintering of the pieces. Nevertheless, the provision of
resistive heating in the interior of this type of reactor

requires the wuse of high cost materials, such as



bi nders and certain contam nants fromthe netallic
pi eces obtai ned by powder netallurgy and also to

w@rawilges26i nteri ng of the pieces. Neverthel esspCT/BR2009/000165

10

15

20

25

30

35

provi sion of resistive heating in the interior of this

type of reactor requires the use of high cost

materi als, such asnol ybdenum and the provi sion of heat

radi ation reflecting el enents between the inner

resi stance and the reactor wall, and al so the

provi sion of coqli in said outer wall. This,soluti

PR heeapat o7y LB cBAPRGSLAB OFGRREC CBMLATLAANES tLecting
f rermehdet pi enasvamder her eatment resiingmride abhdwstlidhe reactor
vol ati | e vapor f |Is r n ts.to
conde%éeg'gﬁd %%%og' edpon %%%nglgpr%§$%£§80ﬁxm P outer
heetlt adi Bhisn selhetphnngliel ereptsaradeon foke ﬂé&@@éﬂg the
wal |- DeE or & thay: L8 £Xhaust ednkr opy £besr 8atdd ON treatment,

enV|ronnent contamnating the_ latter and the pieces
co%%%?%ediih%¥%?%5mﬂ¥ﬁac%?%%ﬁl%%s@@FEHﬁ%oﬁﬁd§”9ﬁbtand other
i ﬂ@@mtamhﬁaﬁubswa@é @@hﬁ@ggeuhﬁmcgepbeaked on the cold
treatpents ces romthe_above
GRS TOPE LR By B St SR oAy EhO aPLBggh s and on
obtla¢ nimgpctior t welilnt epeboref they r east oexhbhoabgenebugn the
angeg&gﬂoﬁl %qu_lmﬁ{é{ﬁ”eéoﬁ%aﬁlkgrﬂ‘iw ontk?é tll'é%ter and the
desired surface treatmen t Hat
i nﬁ@@@ﬁaeﬁpnﬁaéﬁﬁ@lhéhépfééﬂr Wéaih §|a§é3l@élr§@sﬁéir srEpeugds that
thatoare ML adeauatent ol Galdley/ Zt RerhbenERAEE T ORT Rftment s
|nterest in each case. Sumario da invengao Thus, it is
an°bbfBEtPOECERe present invention to provide a plasma
prpeess taerd aleact or theret rieatd nges®t dlolri cclpd epesvbyion of a
nmeans f u pI a er,at
genera? 8g 3S€%htfﬁﬁgzd ?ﬁt%ﬂagﬁ fota QE%§ %ﬁ@%ﬁggg of the
f roaetherpl akomogenerasi cmlcbal%ﬂ@e‘t ehgghl ttE@paﬁ@thées as a

obigal: 0bnt B RSN NMENIOM L0 PrOVLMEENR, PiaSER way that
process and reactor, as nentioned above and whi ch

al E8wiPKensmsent geReRathen eda?%t}ﬁaltc‘e%% flospharge parameters
matRbai Red ifolevealkedibatl afer subtiadivenhganthadeguateéons of
for catal yzing thg reactions of interest, wthout

Ieéﬂgﬁﬁeﬁﬁ in-eac case.

Sumario da invencéo

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
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
maintained in levels that are sufficient and adequate for
catalyzing the reactions of interest, without leading to
the formation of electrical arcs 1in the reaction
environment.

It is a further object of the present invention to
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



the formation of electrical arcs in the reaction
environnent . It is a further object of the present

WO pvensdsen to provide a plasna process and r eaBCDBR2@S/000165
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menti oned above and which a |l ow a cl eani ng operation

to be carried out through nol ecul ar dissociation

t hr ough gaseous pl asna andt hr ough vapori zati on and
exhaustion of the dissociated contam nants, by

mai ntaining the interior of the plasma reactor at
tenperatures hi gher than those of caondens t| n of
c&rhré?rﬁ%n’tf%PoF{iZP§18Psoa%otel¥§‘lau§5ﬁé?@t 9 p?“e%%ﬂ?lated

i rbéﬁ’fﬂdnﬁglalrg:sor O]Mygﬁﬁ%n}tﬁaﬁﬁlagpHﬁ&esﬁnaédlbea@tfortheiSplasma
nenti one an | C al low the Op 0 :
R e iy T BT 7y Tt MRl ErOoheSherapriprsation

plce‘i:eﬁntcb dentearimasttout, al so by gaseous pI asrm in

Sage Ctgﬁokﬂe% iddie gkeanig,pReLati Ohvchtion to
ef ected an eratures that are obt ai ned and

camagidedd bzyl@maepa@pysﬁe@m@t iRAR Gt RS HF%E%P%%@ above
othief OPheskS %ﬂﬁxﬁﬁtatﬁéd bbé@ﬁgﬁo@ phﬂﬁnatﬁé@ﬁesﬁemlcally

for lreating netal pﬂﬁ h € ggl égagtg 8 carried

defiFrthg % eacty ‘Efﬁa er %r%@ AUt Gi PRECES stiBpBPt

arb@mpcwlszatwﬁodﬁsgsmgnphssmm atedtinkt hame ekectpircah which
MR BRULEERAN IO 2D € 18a580us. CIRT 98y ! LB tures

arg AUSTToh ot | onnecte to a vacuum
sytslmtma:T¢1eolptasnadpa@siewrfwoltlr%htbmgpﬁ@fﬁrﬁbéy resistive
kF t he present i nvention conprises the

ow ng cl eaning steps: a ) connectjing. the suppo
toTlﬁq?ﬁee glaﬁﬁlno‘é’%lh%ﬁod@ﬁrﬁst helgatHdde 1 at ﬁ@ Flve‘—’l plasma

Fﬂﬁf%@é§é ﬁ%rtBQerQQQTMQHmwmmbS¥MHd§s n)a plasma reactor

th { t
S
su;m)@aié -~@nchede agsakhi cas@loevoeeta/si tmﬂdn ponpzapkeical power
ga&gwée?hgﬁgﬁokﬁgab%o %%J@%ﬂ%&hﬁ@@l&; §ndl a gaseous

the i nterior of e reacti on chanmber, fromthe
ou@lear@aa dexlAus heop| ABFRcEeGeRBPCTEE $8par VREHBN SY stem.

teﬁﬂ?@f?&aéﬁ% P r SO Anepantis d 0 hey dinssaciatedpfdads of the
the nmetalljc pieces bein trea!;cgd [y tlhe i nteriaor .of
th%r?%@%ﬁl%ﬁyg Bh%@rcogp ises following cleaning steps:

a) connecting the support to the grounded anode and the
cathode to a negative potential of the electric power
source; b) positioning the metallic pieces on the support
in the interior of the reaction chamber; c) surrounding
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 vaporization temperatures of
contaminants to be dissociated from the metallic pieces
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
metallic pieces for molecular dissociation of the
contaminants; e f) providing the exhaustion of the

gaseous charge and of the contaminants maintained in



appl ying an el ectrical discharge to the cathode, in
order to provoke the formation of a gaseous plasma of

w0 oovs/1wisehr hi gh kinetic energy surroundi ng t hep@EBRRIODO00165
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pi eces and the support, and’ a bonbardnent of el ectrons

in the netallic pieces for nol ecul ar dissociation of

the contam nants; e f ) providing the exhaustion of

t he gaseous charge and of the contam nants nmi ntai ned

i ngaseous state, fromthe interior of the reaction

chanber. In the cases in which the netallic pieces %ge

s WBFieOVSd S tatiSer 1@t bRy, 1Y A hétodHens faftion chamber.
t meatumNtcadde phaghracpr ates mefen ltireaigwpsrednd | sebmitted,

pi eces of the present_invention co [ r p
PREEGE el g ober A1 EHe T b L her Lreps bf plLasma
t erovecre nifoad | ¢ rergdtiongmetie 1ddicf apéeefst hefnethkl i present

PL8CRSiIdh The B Jeact g Said 3t ePFrCORRr i §h89: cYzaning
inverting the eriergi zation polarit t

of the

armmbeaddttiode iy sty hen $HREES t bk %@%ﬁ%??bem}%l%ﬁetreatlng
metral 1dio-id @cess datbi pesatiheccatiReds;, hin sth¢ osmdé ngeactor,
the support and the netallic pieces wi.th a pew  sation
i GifiiFabISE BTar GFETREE SMG t fe réQXFthn@haﬁggr;energlza 10

| i Inddiithf ngo £ hethat ermnorleotathedeeactisdremghanper that the
heat ed, .fromthe t | de. of | a T t .
cosﬁléjlycqutrfg ‘f’ﬁéﬁt g%eﬁg?ﬁérgﬁt%e Félg(getgé ﬁ%gﬁng\%lgge @H‘ék}ode,
r dqui et eund hieg dielse r edppeF f aeed t Bee nbeheh-égl pieces with a

t rr?eﬁ\f Medhi zhp1@PRIN Ak aPe8! aGltld Cathe direehaniae tendhser; i-
cathode, so as to provoke the formation of a gaseous g

plessiAt BN it aar FBGRALAG Offe Thet AF$F CE e ceRaBRaT ¢ REated,
SURROK tth@Sowedt a@sdanofovhe poabaadpeattomr,thed conducting

talli ' X K- i di t h ion_qf, .
et BBRE e se T PoR? he Hont BFF orl 1 Lhe' PoaeF gy 1o the
chardhiered Ther paesenheirmpeheindradl Sorqrtasant’s &~ phRBAHING an
r%gﬁgégrf élt&fgéﬁgg%ge£3|£h& Bé@ﬁS§e§ng stﬁbcﬂrbg%ke the

[
process steps described above are carrLeg out, said_,
r BRIt ines@ft | Ag R SAAUS | PLABEAT R déPPAi ngprrounding the

| it ey, A dRact han chbenppastyl rgadydlescesbesh ionic
and a heatin neang mount ed .externally to tEg metal.l.i.c

cARTPRPLGTEDT def tBeh&Eatltd G &Aere SndP T he T nPEPVGFLNg the
ofettheudebst i 60 thanheseous 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
described above are carried out, said reactor presenting
a metallic casing defining, internally, a reaction
champber, 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.
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
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



According to one aspect of the present invention, the
heating nmeans is fornmed by at | east one resistor in
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a particular aspect of the $resent invention, the

support conprises nmultiple parallel and spaced apart
ordering structures which are electrically coupled to

the sane el ectrode of the anode-cat hode system and

i ntercal ated by conducting el enments coupled to

t heot her el ectrode of the anode-cat hode system each
obtbardebederpAg Sfr GBEURBSCEaFAIRGCatYISEsEYy SRED of said

ngtaklig p%%%%c%%r%% td-gatBthg ldx alpaet ebhedmetallic piece
constr UC?

ion, the nmetallic¢ casin ortions r
P88t bPaGEERtS 4 G b PRefRrer CRBSrEAeiaRT L Ak al1ic
aegsghgp@ﬁﬁd:laﬂfg;r db ngdt @i mg dheedt |1;Hdmtt1tmgohal the inside
g ”%m' nd, rec_t 'CR\ABIB%# he_ or d 'asg%sséc{ U%‘E:‘é'b%ung to a

St HE“Cases’ in ‘the surface treatin
oﬂemattmns.t@rb@oe¢m@btéﬂ>|hb€dénQ¢E¢¥%%cF%#? {9y 0T the

t epparatur es 4,hat, e not so high as those reqw red in

si'ntering operations and which reach_val ues 3;
1Zgen0C it t hehposFEFERi nglof HiheCheatfig med
eZS gr-aakloy st OtbhebéTEte&JﬂddteﬁtaSIlm@mfe t heer emaebotor require

the |att nt
R ROP LBt R (iRt 295 Ay §RerToFmas oPgpE o teauired in
|@ham@edm@ryopegaomsnsbeameenﬂth@hheaﬁﬂﬁg yeatssangt about
sai d easi ng, Egbgbtﬁgﬁl S%%phﬂpéehégtﬁhé %ﬁﬂﬁ#gféiﬁﬁknally

subsequént srtion of “contam nants. Bri ef
Déscriipt l@ﬁt@lltﬁecéﬁémngﬁf THeS | ROBAEPEN AiLASpd e latter

d%%ﬁrbkggeg%loﬂ’ gﬂﬁﬁléﬁfeﬁﬁﬂcélb@nb&e ahhaehedonstruction,

drawi h gi ven by enbodi_nment
t R |%%eaﬁ8rpg%%ﬁpc F?E%F@m?d?gﬁyes%%lghs’ between
SQM@ﬂHéaﬁtﬂg méaph asna Beadtcmsam@stwdcvﬁd aceosdspgptible
resent_inventi t &@ﬁ{éﬁ ts.
L 1D S5t L LA O TR i
omnmmﬁjnﬂsnmupﬂxﬁnnqﬁ thﬂuﬁ#ﬁ%ﬁﬂ@§2 represents a

S'T'H%J'fﬂx?&% rat her psChearl i Geverdd IGal, S&ﬁﬁﬁhoﬁeféﬁé\hce to

of 'a asna react or constructed accordlng to % 1 £
prtééientaﬁfrﬁ/@?ﬁqlorﬁwmsl ML VeRsigg way of example O

embodiments of the invention and in which:

%reatlng

Figure 1 represents, schematically, a plasma reactor
constructed according to the present invention,
illustrating some metallic pieces provided on a support
mounted in the interior of said plasma reactor; and
Figure 2 represents a simplified and rather schematic
vertical section view of a plasma reactor constructed
according to the present invention and housing, inside
the reaction chamber, a piece support comprising a
plurality of horizontal ordering structures.

Description of 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

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 reaction chanber, a piece support conprising a
plurality of horizontal ordering structures.

we®origseé on of the Invention As nentioned aboRET/BR2008S00165
illustrated in the appended® draw ngs, the invention
relates to a plasma process and reactor for treating
nmetallic pieces 1 , said process being carried out in
a plasma reactor 10 conprising a nmetallic casing 20,
havi ng an ioni zabl e gaseous charge inlet 2le and a
gaseous_charge exhaustion outlet 22, saidnetallic
case iyl DEC defrping, PRt efRAINYNIa r @BEEFBALéNamber Fgaction

| nSh&g-ahi oh s disial hyi @osi ki enred1ad ysupperti Sed@nd adpport

- cat hod t d with l, ¢t
ouir Ehur T SOBA GPIoTo CRECHB A1 0 *PASEHg LoD w TP o

r eatédonichpober 2&uwsec@mﬂ&xtdnn&iva@uuhesmstamﬂae casing

5 CQ§8eChege%%tH%%_%ﬁi@ﬁg@zzgflgh%&qug&|EbC§Sb?8uag system

Thé reacfion ¢chambe ntain her ne
pl 88necgenetadi 6r ther ewitteith, 22 hef | Bhet mgfajldic casing 20.

hefl@@ti“éé‘f!:lci’oﬁOHHhﬁgeE°2@nlbofﬁlaéﬁlﬁlaﬁngash%liﬁ@t&ics‘i'd)ﬁ:c%lasma
(not illustrated) and the outlet 2 ernetic
cotiphrert t HOR het HaEethT3Y8t ent59. krfﬁ‘ee retéat 1136 ¢ rﬁ&tlcally
20c©§$pé@feﬁﬂblyahorlmmhifamEéraqﬁngy stipplly( assofiote  (not
e _st ess .S I

10 sup PrE30 ?%lr%Pga% Srﬁus?eel ? g%%%gﬁg%ﬁfT§ coupled to
stbhal%asusmeeysnﬁﬁl6310 or 309) , but other type of
'T%ﬁé'ﬁétg@ﬂl@ecgé@ﬂg é@pgeggggf%abﬁ% adeqiat €n refractory
process tenpera ures lic casing 20 presents
a preshatPé: shafe, SXIRO B afbRren1gseyISteddr Ahayi g0 or 309)
Wﬁéﬁde%hén%dﬁﬁbﬁHkB@mhﬁhmeﬁ&ddﬁ%ﬂ%”SﬁﬁglC@hs$hﬁbe,example

rises a s mall an
15 maF a5h esgfhé3 ? gﬁ égﬁg Nfer pertgsgn gpe of

aSmhﬁebEaIe@amahky @ﬂddhed&pbndahbyCSEathd andgluatkegrocess

on,_a ba §££ cture B to which are adequately nounted
T
conpone s operatively associated with the

re’aheomeé;@dlm cke Ry B desetemed ahedudlsRHelpl a5ape, for

reacteh140 9of c{henpeesentvinyeptian fidhelons 20a which,

in

20 the cylindrical shape, comprises a surrounding side wall

and an upper end wall 20b.

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 is, to its metallic casing 20,

30 order to heat the latter and the interior of the reaction

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 outer cover 11, generally made of carbon steel coated

with an adequate heat insulating means (aluminade and

silicade fibers, for example) presenting an adequate



conprises a heating nmeans 70 nounted externally to the
pl asma reactor 10, that is, to its netallic casing 20,
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reacti on chanber 23, for exanple, producing heat
radiation fromthe netallic casing 20 to the interior
of the reaction chanber 23. The plasma reactor 10 is
al so externally provided with an outer cover 11,
general ly made of carbon steel coated wth an adequate

heat insul ating neans (al um nade and silicade fibers,
f oPN8REMPTe) 37 es€nt FREL AR Ade iR e 386 asuppriorly the
suars@umdlh/at@wdﬂlyd ang stiper m@l’cb)lltlbe @ssepl godefndedy the

I|c casin and b he ti ans . 70,
|n|ng a%L 28 gﬁ%%‘ % n?%T 15%around
caghﬁgmzcaéﬁd0|m@axmgMﬁQﬂand;qnﬁmda(thﬁhrmarpaﬂmtqpned the

ﬁeﬁggtzgg fBgnhkeati ng nmeans 70 is generally formed by
at | east "one resistor 71 nounted in thermal contact

wi Thet ReardPa Mmeansas] hgl209enaspdéyt hermest Pg at least one
cha@‘@@euﬁ def inmaththel weenthbemaet abht@c@asﬁﬂ&% 2 anfbtallic

t he outer .cover ccordln ,to a, wa a
 hEaBrbEe i) et ont e Er el e, Anrtel 1S M Betueen
venthel akitad 1system 8y colmpangi hjeabulteastcorre dilr. According

| at n Si e 0
CheEoit e T ontr SAE R AED R 2P SR L FIE oA s s
suétir6heo M@ Bied aRd Nl ebatione sdissehardYe mopplésing at

Slﬁebgﬁtcﬁﬁﬁ QP?”%QrE@lbﬁgﬁd“ﬁﬂéﬂg oi ?%%e@%ﬂﬂjwb031tloned
chanber sal air circul atlg%‘neans bei n

toefﬁtsaaéé 50¢ {thEu A STy Savs |aﬁ1datp%‘5§%e%aﬂtfbfat least
thenlentsabrtdbnOfndzi“EEld‘I%Ia n@n@haﬂbeéa& ME tdlrsm@ltgéwaqozzle

di sch I th
o BIE T ERTG e BE 1 i ed AP Rl Pt b eeating
heahhmgechéﬁberSiBi ahe su&bu&at&mg(mﬁammr@é beinkbesble to
Slgrogaget%ke %Q%u&gth.f éfpﬁi@w g%t%ﬂ?'%%%stqﬂﬁgtt%f the

interior o anpe
veANitRALPSN §§st§hﬁ80h@ahlﬂ9rtﬁ@@m@@ﬁpr1§e and| ggggough  the

onguaih oBXGhRNH NGcBRRS B3zzgeBersald,y s h @n case the air

ﬁggﬁ%gﬂ gkgggshgg%%rgf)fguﬁoégEJ ‘%é%érégff§”€§'€§£ heating
chamber 13, the suction and discharge nozzles 8la, 8lb
take the form of tubular extensions opened to the
interior of the heating chamber 13.
The ventilation system 80 can further comprise at least
one air exchanging means 82, generally with a
construction similar to that of the air circulating means
81 and also positioned externally to the outer cover 11.
The ailr exchanging means 82 is provided with at least one
suction nozzle 82a and at least one discharge nozzle 82b
opened to the interior of the heating chamber 13, said
alr exchanging means 82 being also connected to an air
admission duct 83, generally opened to the atmosphere,
and to an air exhaustion duct 84, generally opened to the
atmosphere. The air exchanging means 82 can be
constructed in any adequate 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



81 and al so positioned externally to the outer cover
11. The air exchanging neans 82 is provided with at

WO e@oti4Bpe sucti on nozzle 82a and at | east 0onePCT/BR2009/000165
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di scharge nozzl e 82b openedito the interior of the
heati ng chanber 13, said air exchangi ng nmeans 82 being
al so connected to an air adm ssion duct 83, generally
opened to the atnosphere, and to an air exhaustion
duct 84, generally opened to the atnosphere. The air
exchangi ng neans 82 can be constructed in aQ%ﬁgdequate

nmefR@RORRowA Sirn tHE- IE t b a8XtE2prEvi d&h CofR$bTI efo the
sugpﬁyspﬁegénnsphgbbgha}&Hé)tdﬂtirﬁxﬁ?fﬁfiﬁnatd&ﬁaft84, a
one respecti.ve reqion,o e heati nhgchanber 13 i
ek fE Rttt SRR s e b SRS pd EgRR, e least
ai onexraspeicti veucinBdr aegdonespbnthag feeduntg ofhamber 13,
he j ram t . I es LYe. knner, .

rea g Bt %Egﬁégﬁﬁﬁg% e AL EOREGE L SR inner
cereaianneati Agedegreéneaf chRBORANEP -regi ons of the

heahtng (phadely 135 ThRel MERNSicliy Rfl @l br air exchange
circul ation_or 3&& exchange within the heatjng ch%nber
137¢5R1Be 5BAi eVEF YA x , S%tnh 88, popieved by
exafipferehy Ways ng stlad opey, atf@nalexspedd ,of bg varying the
ventilatin ans., nat illustrate I, : yi e
po%F?f%n%%gagf tﬁgeFﬁnerogeflgcti%En%éégéfﬁg{so%%gkg’ not
i | Ludushrated) norheédy | vasyiagedhenodiitemninhepé &he inner

pragkﬁsétwgtﬁegﬁ_sai L16br fukathAgReaRe 81l which al so
performthe function of alir_ exchanging means 82, said
nedfis Béieng EbhattirEed welkodeReMtat i ng @yl are provided

dehheeipng ABaNT iadequatiely g odl edhienhabllew perform the
one of the functions of r cLquIation

performng an [ .
anéuaFF583CH> g@lﬁmﬁ¥?ﬁ%ﬁ9%%%v@eaqﬁ1?ﬁe Sonist r UgeRgn Peing
i | tosstatetdedn twetlat t achdd ldrdwiongsanthhe deftécbing means

ch |,S [ , Y, j [ t
pogggggﬁégl#nc?ﬁ%%b%?%f%gﬁpgi%égiﬁp% e%%%?gglgg9c§§%n§# the
20foncthenpl & teactsFuletipp Grierai®d REFHGEFSuUSI§Ationed
di stri;bute the ioni zabl e gaseous charge from said

inlet 21. In this construyction, the support 30 .is ,
In the constructgon illustrated %n T % attached drawings,

the reaction chamber 23 is provided, superiorly, with an
inlet 21 positioned in the vertical axis of the metallic
casing 20 of the plasma reactor 10, in order to
homogenously distribute the ionizable gaseous charge from
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 mounting planes that are
orthogonal to the direction in which the gaseous charge
is fed through the inlet 21, said ordering structures 31
having through openings to allow the gaseous 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
from the reaction chamber 23 by command of control
valves, not illustrated, which are automatically driven,

for example, commanded by a control wunit or other



formed by a plurality of ordering structures 31 that
are horizontally or substantially horizontally
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pl anes that are orthogonal 12o the direction in which

the gaseous charge is fed through the inlet 21, said
ordering structures 31 having through openings to

all ow the gaseous charge to reach the pieces nounted

in the ordering structures 31 that are nore distant
fromthe inlet 21. The ionizabl e gaseous charge is ,
adifeaidilc o apaterhauBeasst r diothe rlgdtd ot *Panbepub3 said

byc&rpcmtf@lndt eéllelegt r @anVa|kye$S, maﬁhan:l_k/ustcrxaﬂv@hd \é\lfmﬁ}hle not
are automatica rive or .exanpl e nde

cont Yt A oFﬁ@Wﬁ%sp@ ?f|¥#§§EHQ9 ﬂéan n8pogg_cath0de
|Iéy5ﬁmm1@ﬂ@ bebutrsdied @@thMtomﬂumnak%yl®g napuahtybelng
dréﬁ? Po£héggu%% ﬂge%d?té&ﬂtr%ﬁfﬁﬁ@“%ﬁg'oglgés and

t He Anode- caﬁ%ode Sy stenlcan be carr
autﬂmman@derya@hod@t Svatepei a%e obssk el leFata $ses that do

Means oL CONErohdisgntbste }také@én@@g hBecanode- cat hode
system are particul ar_aspects that do not restrict. the

coHeepte p%%%%ré%nhe%H-Hstafﬁt%ﬂea%ﬂbaa' fepgLoned above, the

i Ié@fs;tcsm eGOamﬂm@ﬁ:ﬂ%ﬁ Im@b@vparbheeium}mtsﬁ@ced apart
|ses mul ti IeI and spa t r |

st? ?{ﬁ%% §%r8E§8F Pcall yotoupf ?fyth%%éléa W' 0o same

eI@b&¢tmbdd14bfofhehan@dedeathbhedsysveﬁﬁmo4@n@ﬂﬂhM@hch are

arfnﬁ@ﬁ%&@%? b¥oﬁ&ﬁéﬂ§ﬁ§”81§%@ﬂ€gt§24%099@%Be%otQhe other

t he ot her he anode- cat hode system 40
eache Bt rade d4br@ér1:h@ §P@G@r9ﬁ5§0§§ E4FEGPng Vat spehsf said

ongrd®t fhd i GiReaIded 03be ddeaf Hte cenductémy metallic
el epents_ 42 coup ed %o the other electrode 41 are

poRtEFoned-? nPEhET FALET T or of the reacti on chanber 23,
beTMeeﬁomﬁﬁcbidgremgmshtsc&aresuﬁledbyou$MEgcam$r electrode

adggu Egnégrf tHBS EH & @%f'@%ééﬁéon chamber

stiuc urmar e enent s g%rg—?@ %e Su
i t33)f hel’ta\teetmr ithes ehecbrder i g st iwesuir e°’slr31bY| tusing any

bei N9 QMY NEGEPSaALY LQ iRYRtrcSaid Hondughi ngeel eRBANEd by
42 electrically insulated in relation to the str%c%%  bself

ofsﬁﬁ%c§%ﬁ%%rFoéGmﬁﬁév@&@@aﬁqﬂw%%m?ﬁe%%@c???@or

or¢igit Ngarries the ordering structures 31, it being only
necessary to mount said conducting elements 42
electrically insulated in relation to the structure of
the support 30 provided with the respective ordering
structures 31.
According to the present invention and as exemplarily
illustrated, the heating means 70 1s arranged so as to
heat adjacent wall extensions of said metallic casing 20
and extending according to a direction, wusually that
coinciding with the direction of the height of the
reaction chamber 23 and which 1is 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
chamber 23 follows a direction parallel to the mounting
direction of the ordering structures 31, making more

efficient the distribution, among the ordering structures



structures 31. According to the present invention and
as exenplarily illustrated, the heating neans 70 is

wareoangsds so as to heat adjacent wall extensi oPST/BR2009/000165

10

15

20

25

30

35

said nmetallic casing 20 and3extendi ng according to a
direction, usually that coinciding with the direction

of the height of the reaction chanber 23 and which is
orthogonal to the nounting planes of the ordering
structures 31. Wth this arrangenent, the heat

radi ated fromsaid wall extensions of the netallic
casingPR0che ket mretabedofreHespédctPoh eKARDELODPS of the

f ahd oy - dbgechgomoparal lel to the nmounting direction

of the ordering structures , . maki. re .efficient .

CHE G R ST RO R LR Br BBE o sEPGRE apagg: T Toflefined

t hey hedte r adioateed ahidontsahddeal ¢ £ exdeeinsi energfi zimg system.
' i . The s cAat e S

"otdnd, FRS et o Rde R M B RUSRARAR facess o

satle ebevegiiag, sybeemlepirions tHe citebdh ngebpesat fbp anode

of o £ he. Pk asgB-REOEEEEoQE t BostBMeNtDoN, ikheceliptbHodeo the

41, which defines the ode of the anode-c bhode .

SSTRRUY  PETEGLHIET 1Dl tRE GP@erTHPSTT uclar 63 3high the

t heetSUPPDE tpBOces N1 Wakehpbbetirehalbl | sapdeegésctrade 41 being
positioned, said electrode, 41 bei ded, er.ea .
tiﬁ;%ﬁ?@% ol SOEFSES Jfﬁa oﬁﬁqﬂﬁefgb@%ﬁgg %q 6%2“%? defines

ectro Wwhi™c i nes e cath
t hehanodehodehade Blyst empids-ebhsbdieca ystaoups eg¢legtrically

fﬂ@gﬁ%ﬁ&%& PQUEL]1 SOHEEE BOwekNsbliecBl 8§ma processes

ter the cleaning operation there is _
ef fectidle PHasHe sRFECESSEE0r 1Nprijeesiesabfer the cleaning

t hepepshesh cakhkeat ANt e fetRipct rode 4le WekfB reactor,
detiacs. e, anode.of, Lhe anade-Sahode SYSIRM ch3cevode o1,
el wict cloddedines grieunaedde Asfdeder i beokdetavhoddesystem, is
P R toc hom a7 PONERont CFOE axbfpl & carerat fon, oFhe
caeborireaei 6h, Leeabaratirdn, oxynitration,
oxysar bRididdPn BRUoAt herdle . bReWRngh botHesteps allows
are aided by plasma, in the sane equi pnent and
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
system is confined in the interior of the reaction
chamber 23 in order 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
organic molecules in the cleaning operation.
During the cleaning operation, the metallic casing 20 is
heated jointly 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
gaseous plasma of ions contributes to the heating of the
interior of the <reaction chamber 23 and to the

vaporization of the contaminants being dissociated, both



in the sane thermal cycle and in which the
anode- cat hode systemis confined in the interior of
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generation and consequent| y4utilize plasma reactive
environment to catal yze the reaction of dissociating

the contam nant nol ecules found in the netallic pieces

1, such as oil organic nolecules in the cleaning
operation. During the cleaning operation, the netallic
casing 20 is heated jointly with the gaseous charge,
whinchthe ardeasibsi t PRETES18NCerPdi niheat ity heyrchemical
| Rside ithhe Jractd om chanber 23 upon plasma generation.

The formati on of the €o0 asna ,of
céﬁﬁﬁﬂ@@té????%@% % Eﬂg%EFptﬁ%Oﬁhﬁﬁﬁ%ﬂn(ﬁft?ﬁptamlnants

YQQEMH@W1ﬂﬁﬁﬁmwr28fandetmehhelwapQMamwannﬁiﬁ the external

nt am _nant |n Ci | I |
8%?%?16% %hd % ?%erﬁgg emt?ﬁglgggggug PAURE rormed
optereatammaes:cdésa mﬁanm ivigth olehe Wy ZHenYHREion.
??xt am pant sy § Pt he dntiery or t%oxﬂ@ecﬂ eagkir@Rnehagberco the

t he external heating of latter allows t

gESESHS 91 aSHUPRF ned -t RS hihe t 6XbECEBES] £ Gitdh walls
| gss enesgyigensuapt i @ Tiesresastéve heakitng,is, in the

prOV|ded externall to the reaction chanber. 2

PR SIaIe O LU vl T < F e heC | B e or L of T g o dect <o
| atieerpladnmt tﬁeatanrpm@ma$$onh9ni8inemhﬁehrvhéo avoid the
mt}édslﬂe%(f% eggs cb1@r §Suby egt {:Het @.ﬁt@ﬂ%‘f& d e@ihd Ngeaction

necessar to avol d exi stence of
coﬂdammn 52$n fﬁé PHEBPILEr 40 tThe rignktiah Riadderf2Beating

fo{h@&@é@?llé”pi@@ebmlt' ali npRase Of o ead v Aot H€ed from the
metal 1 c pieces , since the oil evap rateq:fron1tpﬁ
mR&ﬁﬁ?%xﬂ?@l?geaF§laF§ﬂdstFEdﬁep&ﬂ S Fe” not™ ©
suff i i endn iyl heled £de il Nhener egégnsnef ofheheeaetctnon chamber
cgé?ber 23. Thus, the additional and generally

stive external heating avoids the existence of
waltiss or thegi edslicfionhd readt i genermbber 23 istdsnt prgernal

t%ﬁ%ﬂ%@%i&%ﬁ&é héﬁlé@é’ﬁ@eoéfVQQQEEZ@H eBg9bnkher the

contam nant s e vaporized oil, inp gglqg
tH@%@?ﬂd@hs@ﬂa@We&ndZ?’ presenting temperatures lowé€r than

those of wvaporization of the contaminants, that is, of

not

the vaporized oil, impeding the condensation and
deposition of contaminants in these cooler regions of the
reaction chamber 23, before said contaminants are
exhausted, by suction, through the vacuum system c0,
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 chamber 23,
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
connected to an outlet of the electric power source 350,
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



deposition of contam nants in these cool er regions of
the reaction chanber 23, before said contam nants are
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through the outlet 22 of th& netallic casing 20. For
the cl eaning operation, the netallic pieces 1 to be
processed are positioned on the ordering structures 31
of the support 30 nounted inside the reaction chanber
23, electrically insulated fromits netallic casing

20. During the pleaning operation, the support 30 ,
detifesitthe dRRecdf VEABCANdRE cREPodoraysiom 4Ff plasma in

whigh amnedaihg opeurdedn, Wesr easiddetgondaetimgsystem 60. A
el ements 42 _are congﬁgted to an outl et . of, the q}ectric

pORPIEBur et 58D At EgatI e poteht i HTY adti%hg L8 fsaction
cathadeeof 23he tElmutgli cahlei sghaofe. tiheméndbtior cefing 20,
t t er_23 | is in ‘n th thod
SB§§2$%%SE%§y§?§p eggﬁié%%ﬁﬂa#gﬁﬁ%egg?g%a€%?uég fo? cathoce
t hef f bhamdnefdeoraphadmasivAteRe4€l-eani ng operation, by

UstRg 4 hgMacym systemE0.ok Chakgeppbskadi zabténtion, the
gases. is fed into the reacti on chanher %%Eathrough .

i nfebizabdp t ARSAREAI | FRAEARI ng 20, tHef SrEPPHRA dighgration.
t heogpetkescalydiapdgr gendn itthecaat hade oforgieise a gaseous
anode: cat hode. system 40.. In _a f r.ryi out
pr%%%E?rFn&gﬁFﬁéﬁ}nghéyﬁgﬁgfgbggég%geg%?'c.gggé%%:#ﬁa ?aées
t heonbéahiing operargon, cunprigses hpdr Ggemixhngei tcgmyising
al SRyGOPIde BraBeYesdd X! Uise £OR! il 1Y 0R988Bgen. The

and cast one of the gases consisting of argon,

ni BRb9ERLOBr 04 MDA I THIHITZTHY Y’S%%eaeﬁﬁadotoﬁerthe nature
gasesthasshibetaxaapke, bl krogehatbhe Seeaieomafallne: piece
prggess gasei mﬁILl epend on the nature of the
subsPanté®tB6e Erfiri'nated fromthe netal lic piece

(f Borexaappége, oithe gaBeouexaiplrge tWHé. lgasepust sstvar ge

wi || hggqgirgie%e,: whé}yd{k%?.egon%fhéﬁ'@scegt Egi '}%ﬂltosf.etdo fq_%m the
renov omthe netallic preces present reactivit
wi nathydiogeicces aeeried oAChH At Brarbbh ENWAITRYShator are
ar g dbgsogh atjpliddrHasas basedsontgatbarandikydagerd  in
(n8222Q61§§§§ ’ogoﬂxgﬁggplg%d;hydrogen (methane (CH,), for
example) ;
- oxygen, when the contaminants to be removed from the
metallic pieces present reactivity with oxygen, or are
based on hydrocarbon chains that are dissociated in
gases based on carbon and oxygen (carbon dioxide (C02),
for example);
- mixtures of argon and hydrogen or oxygen, when a higher
electron density is desired for dissociating the
contaminants to be removed from the metallic pieces; and
- mixtures of nitrogen and argon or hydrogen or oxygen,
when the contaminants to be removed from the metallic
pieces have their dissociation facilitated by the mixture
of said gases.
The dissociation of other contaminant bases 1is also
possible with the principle of the present invention.
The main principle of the cleaning operation consists in

dissociating the o0il molecules by electron bombardment,



- oxygen, when the contam nants to be renoved fromthe
nmetallic pieces present reactivity with oxygen, or are
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gases based on carbon and axygen (carbon di oxi de (C02)

for exanple) ; - mxtures of argon and hydrogen or

oxygen, when a higher electron density is desired for

di ssociating the contam nants to be renoved fromthe
metallic pieces; and - m xtures of nitrogen and argon

or hydrogen or oxygen, when the contam nants to be

r effovekt FRPni Bhe LABESE| MOLlsicades IveIasRPys radicals which

d'asﬁé)céﬁim:{)z@afé@l Firéat ede byes beidhxtHambet 8ai Bygashsusting
di ssoci ati on .of ot her contani nant hases js al
qh. é% t%e

058 bIFIFY t HEHPrIhcidP ént iWenti'on.
'ﬂuhémnmﬁprlncapweyobﬂluanﬂyﬂngrgpprhatpoaseohsnsvgntion,

Int ésdg§ﬁ 5990 he Q&Lrgnlgﬁ&éfs 9%3 ﬁCtrgﬁa bombardment

resultin nlighter €s Oor gaseous
raunzccamcshvmwcqw afmuelm msmat@m feOm teodeakny or‘iin efficient

chanberi 23 byr exhauisting.dhe QﬁﬁeQMﬂjph%&gem@ﬁ%talnlng the
contam nants fromthe inside thereof. E .
ca%???%@o%utoﬁhéjﬁ%e§€ﬁFtFHPen?P6Wbthe %xHﬁ%ﬁ?%Yﬁg of oil
OCEbSs Uhgler avacudtheyi acbnﬁhmﬂerent plbdugh st hemainly the
vacuum syst em 60, rod cin I n

RS RO RE oS ERG R SLEGLEOh B Nt Plcred at
r eRew i menqimmiexr% dépr i e cmn@lel dépdsias ah@u*éth%Q C to
CO@&@“&naaé RLAYH ﬁt§n RN e B Pgaphe 888SamtASnts to be

cl 'eani ng op ration being effected at | ow tenperatures,
|ne¥h@l$%ﬁ@@ of from about 300C to 500C, dependi ng on

t hen naduiie @mﬁd’éﬁn@fﬁ amcpant suppoke eBom zﬂr&kﬁed;hd Nmetallic

such enbodj ng. t he s%gfqﬁt 30 and _t he_ ngetal n 1

pi Btes®i to BE tP@at%ﬂe e s A SouRGEd OBy e BY t e plasma

ge@@metaﬂeMAUMUHhehﬁ&mbﬁec&kidhéoh@igehangebcnnar@@ﬁbarded
y n e e

TN GY 8, AL B P LIE B e the sacons

r ecbevbsodne 4l ecwhiiehl idi séhar gél%mua@t @&te@s 5@0%%68 the

ﬁ:%?ggﬁrlb§lgoﬂ@§‘&q§ﬁgém|amd’ By theRe ANd sCOpRBqUEMt hYde, is
bombarded mainly by ions and consequently heated. As the

inside

heat produced in the cathode warms the metallic pieces 1,
for the <cleaning operation, the heating means 70,
external to the reaction chamber 23, supplies the
additional amount of heat necessary to obtain the heating
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
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
contaminants on the inner walls of the reaction chamber
23.

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



heat produced in the cathode warns the netallic pieces
1, for the cleaning operation, the heating neans 70,

wezaenmabe t 0 t he reacti on chanber 23, suppl i esPtBR2009/000165
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addi ti onal anount of heat nécessary to obtain the

heating rate and tenperature required to avoid
condensation of the contam nants on the inner walls of

the reaction chanber 23, said heating rate and

tenperature bei ng programred i ndependently of the

pl asma paraneters. These plasnma paraneters are _
adhasbed or2dr ogpas@edtso idet o I IAEE t hefr edddPyAng 2

0 &%ééﬁgbﬁgi%%ﬂﬂ@%dﬂﬂﬁ@”ﬂdﬁ%éﬁoﬁﬂgidéH“ﬁﬂﬁﬂﬁﬁﬂinﬁﬁﬂﬂbr of

as’ exanple, oil. A s al readggmsnth ned,

. the . ..
f Sheat i - Gas cRABR asnes can? 8l s§S¢ont Atbutd W9 the
pﬁéﬁg%ﬁtﬁ%ﬁ.hﬂatﬁﬂgoﬁé the isder i pesoitihe Ffeawt itbe plasma
cha rr 23 requjred to avoid cond ati on_qf
c GRESTHTANt %nonjdéﬁe T%%%]rf%/\c/al Ipsleocf he rggggsgn the plasma
chanbeonr23.10he Bsetbbra hehtampgmansryoulekper ndirofo the
the feagt) %@ﬁftﬁé,cemﬁeas ahRecadwaniage Gfstem 40 is

al”l'om ng ~a geneous tenperature to be obfained in 4
t hdaitnt &ficor SFERIRS r GRS GH Yhanber P RIFRIF g3urround,

aveifiing 41Re depesi t neRa0flivapqrissad sopt tesdihigng to an

fromthe pllasma reactiopn in the netallic pieces :

i RSTdEUNE JTENE T B tg?elﬁpniﬁg?ﬁgptgdvasrﬁcglgeésl oil, from

resid gt friamyiecgednetry used in the confined

angde- GaLRde. SYSLeMAOhs LAl 4OPSRECLeHURMRIA edighter

| “he :b?asrm surround, conpletely, the netallic

piecEsals |@udi ngolecahessfi ehdeh r SfVEI2 g7 tHes gaseous

C?ﬂﬁ%@ Nt Sy aSUCH: asnei iorfkioR tthendetalddL PEcese lpumped

. “The di ssociation of the oil nol ecul ?ﬁa roduces he vacuum

| igHErTHati E5PR ARG MIEHR eSS @hPEh R UeT, e

gaseausy physi cal state at the working tenperature and

ar un‘pe% outwardly from.t he ,pl r%a%]% 1Qh reaction

t g e EEMm %%?Emjﬁ). dgﬁg%lg%ﬁteam Rant vapor | s

dictchareged2 8 r gominhé yr eddti othehatber 23sjes mygdugedh in the

tg%.%£¥§r gé%??tEEHQUCQHMhP tg@mﬁh@%ﬂBnOp%ﬂﬁt|@me UpQBaning

c npafe I on he cl eani ng_ _ .
operation of the metallic pieces 1. 3Since 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 plasma, the load of metallic pieces 1
can be treated inside the same plasma reactor 10, wupon
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.
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
with dissociation of oil and contaminants are necessarily

connected to the anode, are connected to the cathode of



operation of the netallic pieces 1 . Since there are
no residues inside the reaction chanber 23, because
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elimnated by the nol ecul an8di ssoci ati on activated by
the active species generated in the plasma, the |oad
of metallic pieces 1 can be treated inside the sane
pl asma reactor 10, upon conpletion of the cleaning
operation of said netallic pieces 1, by raising the
tenperature in the(%gterior of LFe reaction chanber

3 .
t 08I uELOETERATINE Wi ¥ tHbse? P eqliPFed thp a thermochemical
deteenitnedtt ber piekear.cal treatnment. In the solution

of ..t pr nt inventj.on, ma re or 2 .
qu%Egr c%%%?is Sr%géﬁftch%ﬁge§€§§%h1Qo?ﬁ%hicﬁgaapéﬁg and
i nkeeringghehd cpd! driceymsatweme tetie capsod@ ramiced it by plasma

caphede Of pt h%h@nogsmgat%pggméy%@gw@r, SO 1fRt Abe need of
metall1c pieces 1 , which during the cleaning

opePEErEHPH TN dhSsEER&L 6N of oil and contami nants
arAfE@@ewﬁlrei I }blfmmcgh i egop@réﬂ_ﬁ%ﬁDOdﬁitﬁr et@f@nn%&rﬁﬂr. A al of
to t cat hode ofthe_anode-cat hode, syst em 40 r the .

{ NEPROEREAFEAT L r eREFent b9 WWasnel LW t - The pridigcnentcal
i ntentitorntt beeclagdminng samd atrtierchdchericc alante gdtamm reactor
°p§bat£§“%ﬂ%¥ddd%£¢§¥ {ﬁEéﬂ n@hgchieanEh%fs%ﬂ% metallic
pl ashm reactor, W th no need of interrupting the . .
heGBFARI Alterd tHE®Iadt ngooperbl foAa SRSt ANtlge the interior

r egpV &l Ofr Lot a8 NaRbEbe PALEI, CWANdY @i . pbeh8imilar to the
t hernobchenm cal treatpent,  operation,is started in the

safBepl'E&ta eddtor CA8PRHyY | APRSAGEPRg Ot KOBUGH 1 e termined
i nkpec2fief dadwearetat | tice cdsshged0 tha ralvathgmiefal treatment,

i opLzabl as A he interior pof the reactio
chanbar 93 weoan Tkt oot PRorar eBhEve ohellidedish O the
t héntkeanicngpehat irea chl ccontlambelet @8ni rad 3petiof i gurround

gaggs Loppbhe desixedihherRehani£y); dlgatinent, said

new i oni zabl e_gaseous charge being fed to the interior
of ThRe HERAEPEASChAMSES 28T sEhs (RN MIGIA G treatment

suppertt3Bnandreéhers@t aldic pirRcesnteribhe beni g@dl ereaction
gases cal, treatment eration are

f t th hemi
f e ngsrtﬁg’iﬁﬁé%%%fggﬁaQ§ﬁﬁq%aE??oﬁaggs 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
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
reactor 10 and in the same thermal cycle.

It should be noted that the present thermochemical
treatment process can present alteration in this sequence
of steps of feeding a charge of jionizable gases and of
inverting the polarity, without changing the result
obtained.

After the admission of a new gaseous charge and the
inversion of polarity of the anode-cathode system 40, the
thermochemical treatment process further comprises the

steps of: maintaining the interior of the reaction



chanber 23, after exhausting the gases and vapors of
the cl eaning operation therefrom The polarity between

wo h@vaatsb©@de and the anode is then inverted, SPCTI/BR2009/000165
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the nmetallic pieces 1 are d#nnected to the cathode
and, upon generation of electrical discharge in a gas
m xture specifically defined for a determ ned

t hernochem cal treatnment of the already cl eaned
nmetallic pieces, carrying out this treatnent in the
sanme plasma reactor 10 _and in the sanme ther nal

| tCRHBRPE b ndté@FeChafTPRe PhesEMtShePhbEhent caﬁ%e plasma
trﬁ@é@f@f pP0OGESsIS c@@@u@t@wttr&it@érapemtuﬂethhsmmthm to

ste s, of .feed] charge |on| .
Gaoke SRECLE FRUB EPlg e BoRaPEsS APCRBAL Shargragemtesl
th@r¢@£mémtobtappéglngftem t electimiissilon disahaege to the
gaé&QHéd&haggedygéftgb'ﬁWﬁgék ntﬂ%'%ﬂfﬂdﬂﬁb&ﬁofhs gaseous

anode- cat hode system 40 ernmochem cal treat nent
prokassaf Qft F}@Flscéﬁ’éﬁo@é@lme diegecit Limi Rtarafng and the

t heuppberi oo of ah"die &@aqtdrgrwh@m%hra%e&Qat ed firm En%étalllc

outer sid of t Ias rea and conduct i
L eMbBPSF urd t ABfe TEhY AL TEE % | BRseous
deshafgesﬁrémcﬁhéhfnnechen1oﬁltheeabaenupnappbmbﬂg as.

elfgt Iﬁ?ltﬂ%§ﬁgébgﬁigg%trg§ 5%&%%%2 og%r%%qﬁgqtothe gaseous
rovok Ion O aseous Snma OT 1 0Nns
swh@n@@h agrphéedetal the peéeésom égémbﬁ?é gPppermpriges, for

angk &pp1 eni g QQE@@ﬁgnﬁﬂthQetB% H% bbbt Rheces tkogen, when
and providi ng 't he exhaustion of e gaseous charge

fr?ﬁﬁtfﬁ@??ﬁ%ﬁ@%ﬁl%ﬁltfﬁ??%ﬁﬂﬁn%n-%ﬁaﬂ&ﬁrﬁﬁﬁoqh tthe 9aseous

t h@iﬁ’o@b@mcﬁﬁita:{raaigmnydepgeat,l ofmtztds@exgasa@uswhla@ge when
su |ed to tE? reactlo chamb ﬁ onprlses tﬁ%nt 1

ex SoUs n1xtuP$r89C ﬁg%gﬁen and n???ogen, s
mh@ntrheathermnahenncalcﬂaeatnembomstmatﬂ@muon a mixture

gas Qy§1§%§% ?ﬁgﬁ%@% i ni gwdéﬁﬁe%aﬂH&JOgﬁﬁbﬁnghe surface

car ace ernochemical treatment is
n|¥¥%%5m90F|za%$cn19%mQ§§@EdﬁFbratﬁ@ﬁ- admi xd3Feeus  mixture

copbat AL AUnGYydk9gen, I PRdbRR i bedgemheargbs and carbon,

surface treatnment | cenentahlon ndlaagasngEeatm A i

n]&@%pe the surface thermbchemic ent S
oxynitration, oxynitrocarburization or oxycarbonitration.
Other gases can Dbe 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 electrode 41 which actuates
as the cathode of the electrical discharge, whereas the
electrode 41 which had the cathode function before is
grounded, actuating as the anode of the electrical
discharge. After this inversion 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 ionized in the reaction chamber
23 is submitted and maintained, in each of the cleaning

and thermochemical treatment operations, at a sub-



cont ai ni ng oxygen, hydrogen, nitrogen, argon and
carbon, when the surface thernmochem cal treatnent is
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oxycarbonitration. O her gases can be used, depending
on the desired thernochem cal process. For the

t hernochem cal treatnent operation, the support 30 is
connected to the negative potential of the electric
power source 50, through the el ectrode 41 which

actuates as the cathode of the electrical dlscnar e,
whaFBasPPAEL 6| BEEPBHESA L fwiineh HEET IRE cathttld Fascal (0.1

f ungti-pn abef 03&;1'054 gzracmfwh_ed 1a0t gatdmg ashidie pneelsmafes are
thegflectrl dlschar% ter this inv rS|o

pOPBFFESSS: it FECCRRt o HOtelaPTPE st 169n cppprising,
SUﬁPtheg@mp@anecaedvaouutme camnpede Thle t lod eglnderor i eald  heat

di§£Q§Eﬁ§ngtthg§§t£§gsSt@@lfIzéhQ&EDQQ% '6Fical dlscharge,

treat nent asma IS carried out In e sane plasm
reﬁb@@h 1Gaéndbien fdréiggrect hérlrrmancy@{t@ospﬁ@r@as@é\?ser low

gfgssﬁeeb%dn&ralm% Nest h@oh@agbu@n fhanbesrgs, i 8s defined
mtted and mai nt ai ne of the c| eanin

f 9 ved t
thépﬁﬁ‘éhenﬁ%af"st r'éat RER u&ﬁer% FonEongt apd reactive  atomic
subhgtipogpher e pmmhynwasﬁedimsprdeepeﬁdin§3Xb@ lthe gases

Pas%ahlggdlfggr ? m% Sé Qa%lg%scal (100 Torr), which
pr essurés "are o arhed y “aétion "of the vacuum syst em

60Thenppiecags fof eXemlmsesenvacumyguimpen Theincluding the

cl eapbAgngnd hept dH SR dmMn oper at £ pBstMbhti Z@pBeations by
el ectrical discharge, which can he delivered in an

at Rb&pher e GittePe| 3vi st eS8k &SiGhit i hi R§SERS| oni PEBFECed by

ga§oQH@EgQme@&lﬂ@fgﬁedwﬁbQME o8Be@s m&nm&&&&m&ung processes
gtrons and reacti e atom c

dro en or .o
1 nG6H PREJgasaet i 9 sed o BragHgon, and
genehatson. Thiee guoosess of the present invention, promotes a

inghgghﬁg tQﬁfQ#ﬁ?ﬂh@Qaffg gr %hQP1£ﬁ|t éegﬁg%%% reactor

operatlon can used for netal l'i i eces
1 époaécé@eb;prmmvér lrfé\f%n”qugyl%rabyeéﬂﬁér of time of about

nHBUfEKﬁf@|nguﬂﬂpcﬁﬁéest&{QI Qﬁéﬁp|ean%§@@hﬁ@ngthe cleaning
col d extrusj.on, roces

anmpl ng., of
th@pEFé Rt Pivertion” fﬁ?l&%@é@%@%ﬁ %ﬁ?ﬁamsp {Réor Sxample,
mehakkbeipheécéesihd nof habplhiasra h®@act or This processing time

can be changed, 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 metallic 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
soot, 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



10 of the present invention in a period of tinme of
about 3 hours, with the total tine, including the
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(for exanple, nitration) being of about 6 hours. This
processing time can be changed, for |onger or shorter
periods of tinme, as a function of the nature of the

contanmi nant and of the thernochem cal process. The

heati ng nmeans 70, external to the reaction chanber 23,

warnms the inner walls of the netallic_ casin

aver nael depodndi JhSofetert BhFRantid SchgERSa f%l¥ept totally
dr§t|9§bd 1%; |as_um§$1|gblher1%) clrﬁmprMeaden tbRophasnef stahteminants,
and to di ssociate, the whole c f £ontam ts
fr%%ﬁ?hé”he?éhV|d”bl&8@?%%} e %% ?na gengfasﬁ%% modecular
wedll s ssciat hvai nBohle teacfionlchemberak8rdepnidvédieofcleaning
0l Fn@Nda8OBL: 3bOWENGd 0, G COM | Ml Lol BnbiScal nature

heati ng and to subsequently carry out the process of
th@fn@%eﬁ@@mmw@%‘fwnt with the hel p of plasma in

th@f@@ﬁﬁtﬁhésEﬁeéﬁﬁﬁbo%te%V %%iﬂ@ﬁi@@ @Mélhé@éYllc pieces 1
resistive heatl sy %en1an %glng &he reacti ted q
ch%%%%rCQ%n%Ft% 513 E BC2PHEr e 1§ KB GE&EVréﬁcéngPr ed an

“anyhéypeppbrdemmndﬁOMhandesamﬂﬁcrmmHay$ Jnidst hennected to

elggérég glscharge is kept totallystable, allow ng

the conp #02°¢ enoval of contam nants, such as oil, in _
aphf oxt neeehyust howr sof viBhen| awigar ‘wessodimat ithe cleaning

BQ§POéQ§sf'QﬁE E%%B%&%%%&% @Ggiﬂﬂ§ cheapipg bemepeanecaction
teree as a function of the chem cal nature of the

coﬁ&l%;ﬁwamﬁ PPt &P10RCGs cFelnifgstiely, PREwHilth Pheeess of
met atlhecpercesl 1 tweie neoect edvhaukhe wogesn t ABout 350°C

polarity is Lnvygrted and the support 30 of the
ne?%?l?% B? égé QIis connected to the cathode. After

exhpustcbangﬁngheﬂgﬂseﬁangedpfnﬂﬂaagﬂ&ﬁwmmgmpxbuessto, for
thgﬁ%ﬁngra% r&hd”h%&kggeﬁféﬂ&aﬁ é@iﬁ Nthe reactlon
ralse

or carr

Ing ou rocess of
t hehapepsnbEalt cmpezefmaes th?t\reﬁqxes‘l%amdp abouC 38dere is
Océﬁﬁgcﬁgguﬁjﬁpog§éstpQﬂlﬁﬂ@@ﬁéﬁg he ehrege Wfedt®-hemical

aseous m xture
g treatment, in e 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 lower than the range cited as an
example) and that are defined as a function of the type
of thermochemical 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
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
conventional process, that is, not effected in a single
thermal cycle and carrying out the cleaning operation by

traditional processes with organic solvents and removing



exanpl e, hydrogen and nitrogen and heating the
reacti on chanber at tenperatures between 4800C and

wWo00@4952¢ here is effected the plasnma nitrati oPCT/BR2009/000165
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ot her thernochem cal treatnent, in the sane plasm

reactor 1 and in the sane thermal cycle, resulting in

the reduction of the total processing tinme and energy
consunption, thus reducing the production cost. O her
tenperature ranges are possible (tenperatures higher

or. lower than the range cited as an exan‘pl e). and that
areafef PAERIaS TR URIH VI t hEOVGBBT of 1T 15 ImpoFtant to

tf;edsim@hem;@al thieatvrat tothe pertotmedt Thémept ahea the

ces_ 1 re treate |nthe Ias
%%?Fm%ﬁ%s%’z’\l g‘,a% % |clﬁl?heogsg?§tr onsS%(r)fl}%fM{':ngfasma to
cI eamovg and, th@rmhemcahtlveahneher, sueRuasipbadmahigher
éf@é\h&? ey e fdfelosd Qut £ h 8 yi%%%rge bhermlowaye €il by

msta pi eces 1 Wer e ‘ana tical an

eIEé]aWIé@n éiomscrl”d%ﬁ:ob?e a&owna% B§ax aa S di¥¥Gack P opexane
ar@rﬁ&’sbﬁheE@?Uth&cﬁh@Wet rt%tadlhﬁdﬂélrla} efsédyeh the chemical
obtained is simlar t E taln a _con i onal

Ry i dhe Y A PR BR T A G ertaRe Thts S " Bresent
cyctecand dar rnglngeslit tohéhe eamngfopﬂ‘reatcconfbgzed cathode-
tr§9$5é0£2£¥&£oggsﬁ ?ﬁwﬁ5@18%9agh%ligkvggg%aﬂ%%s to be used

renovi ng
i npePRanttheo meﬁ@%u{nthhﬁ twn@tfa,l tth@éﬂeﬁefnta?el%lng the

Wﬁo@rb@léﬁeaﬁmat alg_%eaae@ by d b & weble%%e%nmm same
|"asma to renpve Oi is significantl

re‘é%%lemﬁgoﬁntﬁﬁgﬁ@@c&l&dﬁu&hww %%}692 Fﬁs utilization
pr@ﬁeS§qQﬁpmeﬂew Rgtoi | ﬂadxmeasnvdﬂo@ﬁsmms useOr the same
pol | u ctants such_ as. hexa and, ot her.s, whi

ar%r?ﬁ% IH’ fl)?suse%fnﬁa%r?%e%chgc%e(:a tg Sani g™ Blior art
progessms A anahéy,adalr@ntlazg@ of the mae@npl@ﬁmeggaucé;or 10

t e fi od d :
4%%?@%&2 %Igws&zéreraosflteér&gl g%;\nc%ge%rgﬁb&; ugﬁgcglpaer?on the ot
pi BBRVAR) t headdpporthe Rt &l owi hge FeepF ovi glsélﬁh as

of n 8t gL EALARY , AMUNG s 0h gPIHEELS coh flihe dS apBL NOHUABN8fe system
the, reacti on chanber 2% and{or,the util.ization of

eqtif birent®™i t RXFEdlEed df nehSTbkS fot°itHd Fanelcads to 2
predustantiy]l asvestmpanedredutheoather known prior art

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
the constitutive elements, without departing from the
constructive concept defined in the claims that accompany

the present specification.



systens. Finally, the use of the sane plasma reactor
10 to performthe steps of cleaning (for exanple, oil
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nitration) , by using the @dnfined cat hode-anode
systemw th an external resistive heating, |leads to a
substanti al investnment reduction. 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 formand arrangenent of
the constitutive el ements, WPHHP departing fromthe

anSt@Q%%h%ﬁ SPHEEPE QQﬁth?eb&lkﬂﬁ %fgfmﬁltha@Teces, in a
acconpany the pres sp i cation - Pla
pr@cag%%afécreatclré’ﬁl 2gb|)ret g?%i“& BPeces, reachésl ot aCha%1 er (23)
r Qﬁm\ﬂi‘dédOWlﬂhfl i nguapbeact Gfﬁh) ;chanb@rHC(CZ%)quﬂmdeedystem
15) 223UBROLL 430N AN, ﬁn%%cct%f&oggoégét SR an

ect rrc power so
|@mmﬂamlel@a@$msu%r@¢@@g$ nl@le?zigl faﬁﬂdaaggélé@%s Charge

change, exhausduoneoui22f Edknec08nEEbEd tr@cauma@ygmem (60),
system ( 60), characterlzed in that it co

{ (ThaRg Gl e Hy Shehelt ao?pabﬁﬁacwﬁg??hi%aaoﬁleanlng
(Sﬁeeﬁg t he groundedfangde ?nd the cathode to a
atlve otent t he ect 5
PLOTPShENS Phe”hubpefe LSO JPURERe Bhote ana
(Smbe|¢atmmdent@raome@$tihe pebentonlchinbbe eégFtrlé power

) ss&ﬁfggng?@)g the support and the netallic pieces wth
an ioniza aseous charge fed into the reaction

cHahb@PSl&anH@@t|%@etlﬂ?ﬁ%%%ﬁq oPigFefhel Flealhi orie support

Ch@ﬁ(?)er &Z@e,llﬂtﬁﬁ@mébeo@umé sedetobnt baambagnﬁz.%)

react or .a orization te ratures . the. .
cont antrSREbELBoo M G AT e R oM Thd fet i 11 goieces with
plamesléﬂizbblag treaved i whawyd ntEed orintot hehe reaction

% 00, chanber (23); e ) applying an electrical
dISC arge’to the cathode, in order to provoke the
fgﬂhaﬁﬁ@ﬁl@@'at@gsg@ﬁgnpxggnﬁfofthe reaction chamber (23),

from the outer side of the plasma reactor (10), at
vaporization temperatures of the contaminants to be
dissociated from the metallic pieces (1) being treated in
the interior of the reaction chamber (23);

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 (1) and the support (30), and a bombardment of
electrons on the metallic pieces (1) for molecular
dissociation of the contaminants; and

f) providing the exhaustion of the gaseous charge and of
the contaminants maintained in gaseous state, from the
interior of the reaction chamber (23).

2- Process, according to claim 1, characterized in that

the formation of the gaseous plasma of ions contributes
to heat the interior of the reaction chamber (23) and to
vaporize the contaminants being dissociated.

3- Process, according to any of claims 1 or 2,

characterized in that the gaseous charge, to be ionized,




ions with high kinetic energy surrounding the netallic
pi eces (1) and the support (30), and a bonbardnent of
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di ssoci ati on of the contamwants; and f ) providing

t he exhaustion of the gaseous charge and of the

contam nants nai ntai ned i n gaseous state, fromthe

interior of the reaction chanmber (23) . 2- Process,
according to claiml1 , characterized in that the

formati on of the gaseous plasma of ions contributes to

hedf tHEPHEET ofCof 2t @Q—%qqﬁpmgre§§gfean§wl& about
vapoRBze thE cededsi nants beimg dissacidated. 18?7 Pascal (100

Prqcess, .according to any _of . clainms. 1 or
ChAPEE] et 2 B8 | IRERACOFNE ohbBoas SEhar e CPRNbEE (230
i oAt zeRlrdsesspmdtedrdna sub- atmpsphfer céapmessire 2 or 3,

;geﬂéggggégizégr§nﬁgﬁﬁﬁa%ﬁ@ %ge%ugg%ﬁ%rb% %Ss%éﬁég%%d from

|
n the intérior of thereaction
chafberof 28he. dasppocabinedcodi AYIEBIGRY oPXXI@ s argon,
1 ni2refed an@haiaetieeszedeiBotthat the gaseous charge

is_selected fromany. of the ses defined by, hydrogen

o TeeR i okraon ASToie e Taodh X | Aiegtc OUTI88% M thar
Prohess, gassoudi ngcharge ai edmprihas actleydzegen n tiadn the
th arge ' hydr og ; ;

o PR Do s R P8P Ba RS T MiPk & TEi e preces are
ar dedlenpred lhy conrbANhBARSSpr as@REntg YeactPFRFEYVIMYh with
hyd(,8988eANdaRY My dr 003 OB BASLL £988 M NPEBi A OnBE to be

di ssoci ated i .n gases based on carbon and hydrogen. 6-
Prge88eciakesr éIP*ngatSSScfbéisl"’?ldzO,]n CR&EPLE: Pz & 1P 4 at

t he-g@3erkesS sG had @0 €I | 86S cOxMge Whehatheterized in that
cogham nants to, be renmoved.fraomthe net |e|nl %Hoei eces inants
ar aegiaﬁgauﬁyCQSﬁtggmcﬁglﬁtréLsﬁ‘sesoéﬁg(ﬁeﬁlg W eActi Vi ty wi th
oxygerpe anembyedydiorar bba- besed lcont aenant a1t Pdefined by
di Lat i ]p@jﬁ:; I  OXY e

Pr %éggé@g%%ggdﬁg@%% c a?mq%aaé%?ggtn‘gf%e 7 1 Hat and by
t hBygaseanborhhrg§edc 6apitirgdsamitet (redofligspsiatiach in gases
hygre88NoAr cax¥ean awlenxiBencont am nants to be renoved

fromthe netallic pieces require a higher electronic,
9— Process, acc rging toqclgim Jigcharac erized 1in that

the gaseous charge comprises mixtures of argon with
hydrogen or oxygen when the contaminants to be removed
from the metallic pieces require a higher electronic
density for the dissociation.

8- Process, according to claim 2, characterized in that

the gaseous charge comprises mixtures of nitrogen with
argon or hydrogen or oxygen when the contaminants to be
removed from the metallic pieces have their dissociation
activated by the presence of nitrogen.

9~ Process, according to any of claims 1 or 2,
characterized in that the temperature inside the reaction
chamber is kept from about 30°C to about 500°C.

10—~ Process, according to claim 1, characterized in that

the exhaustion of the gaseous charge and contaminants in
gaseous state in the interior of the reaction chamber
(23) is effected under vacuum.

11-  Process, according to any of <claims 1-10,



density for the dissociation. 8- Process, according to

claim2 , characterized in that the gaseous charge
w@ompnisses nm xtures of nitrogen with argon or PTBRY®N/000165

or oxygen when the contam 2ants to be renoved fromthe

netallic pieces have their dissociation activated by

the presence of nitrogen. 9- Process, according to any

of claims 1 or 2, characterized in that the

tenperature inside the reaction chanber is kept from

abogt SO%C t.0 agout 500 0 C . 10- Process, ac or%i ng :
t 0 S8R& Tl ratt éft&ed PAtERatStHe ekhalti GReofcleaning
t hepgaseds:,char g and icartasnant sddi gaseous Stateps of

ith@?mﬁ%H%¥f§5f¥ t%%eriﬁﬁéiO@h&hqggﬁﬁn&gS%fisthe metallic
ef fec ed under Vacuum SIS "Brocess,” accordi ng to any
of pdkegiems (1)10ishatect eahgedlpgmphateacifqler ($Pep 'skaid steps
5 of Lheralseani.ng operation, it includes additional
steps of thernmochemcally treating the surface of the
nmefal | {RVBFELBE (ihei P iEmel Pt aditd atddet opf(1be anode-
sa:cdt;slba@sfs:@rw]wmsi(ng; Go | tivett ikhe theo@her gir(laat)i,ﬁmlith the
pol ar.i .of _t.he anodecat e s em o that the
suﬁlﬁéc?pi(l%)p,le\ﬂetsh (S‘ﬁé r?ge&%q%%s%eecc(eaﬁcqzﬁe’, defi nes
t ha—catthodeindiingutheusdippgrthel ¥ippand €86) merichltlhe pieces
metakll i G R 1) n LontLzahl a ; ;
0 e Rt & el e P TR e e dRar Ty fed dnvo
maitAfairfiPRd 10fe GhedSTor(25Y) it he reaction chanber (23)
heﬂt—eﬂlafirrﬁt@ﬂﬂl%gglﬂf?f f’ﬂlﬁj@%%rtbﬁ Ehj@srft%arct&%@r{)rck(a%@er (23)
and conducting the tenperature rei o the levels
CHGPERA T TE RS TEN S n e (IS ACHEH cafactor “(10) and
t r eahtient;ing- taepltysnme it wlee dhd eain dis cites gest@l § heequired
Ca‘igo‘{!%e Id%sqrr%%; sﬁ.&f%rc%v%lﬁ%r g)ecl’fe?r{r@ati qinr Oftn{f‘ent;
gaSeous plasia of “i"ons surtounding e hetal17¢ pi‘eces
(1) ~arrPr el sdippor te (BM)ricesl wekkchsrgn itoni the cathode, in
bogbaedmeil grolB&eTeL R | irpRLed8s () aNthksoys plasma of

provi di ng the exhaustion of the gaseous charge from
t hé Pt SN e fhadiebml thanBépces3)(l) and the support

(30), as well as an ionic bombardment on the metallic

15

20 pieces (1); and
k—= providing the exhaustion of the gaseous charge from
the interior of the reaction chamber (23).

12- Process, according to claim 11, characterized in that

the exhaustion of the gaseous charge from the interior of
25 the reaction chamber (23) is achieved under wvacuum.
13- Process, according to any of claims 11 or 12,

characterized in that the temperature inside the reaction

chamber, after the exhaustion of the gaseous charge of

the cleaning operation, is raised to values between about
30 350°C and about 900°C.

14- Process, according to any of claims 11, 12 or 13,

characterized in that the gaseous charge to be ionized is

submitted to a sub-atmospheric pressure from about 1.33 x

10! Pascal (0.1 Torr) to 1.33 x 10* Pascal (100 Torr) in
35 the interior of the reaction chamber (23).

15- Process, according to any of claims 11-14,

characterized in that the gaseous charge comprises a




12- Process, according to claim1l, characterized in
that the exhaustion of the gaseous charge fromthe

WO naoenigses of the reacti on chanmber (23) is achi BEE#R2009/000165

10

15

20

25

30

35

under vacuum 13- Process, 2according to any of clains

11 or 12, characterized in that the tenperature inside

the reaction chanber, after the exhaustion of the

gaseous charge of the cleaning operation, is raised to

val ues between about 350C and about 900C. 14- Process,
according to any of clains, 611, 12 or 13, characterized

i NIFREPUE e sCERARrYBIPE YT SRdars stbnftdey when
t otlae sehr ahoOSpherinccherssHletkeammahaouti s1n3Bruti0h.

Pascal (0.1 Torr) to 1. x 104 Pascal (1Q0 Torr) din _
ChET e SR 1 neCPREALP SN chamber (2507, 1addnd M 11-14,
Procesactactoedi nint dchaty dhecl ghagols- 1dharge comprises a
charachesi zedel et Béﬁté@ﬁiﬂ@ﬁ)@%ﬁ%o@@ﬁﬁggli‘f:%%'éhs%%d carbon,

agaseous m xture contai ni ng rogén and nit rogen, ,
wheheRhe <UHS ace SUAERMSchentBarMPERETAEAL | s treatment is

ni ¢4 abbANtrdBiokr eeesstraes@bdiragatoany of clains
11- 14, aracterized in that the gaseous ha&gﬁaims 11-14

cohpri ses K HEeou§ SFPXFIPE cohfai Mg h§dr odert

ni thegeatandzedr biom, tieen tthe sgrbaoest hehaimgbem@alrises a
tr IS onj Lon_Qr .ni bur.i i 0 17-
progeeau R ML ERERAATnY V4L 28 Ooha T Earbon,
chahreret BRezedrfacehhbernechsnécad thapfacasnpri segeatation.
gapgous phgddd £ coptabRunaghydeggennar ger ansh £ardon,11-14,
when the surface thernochem cal treatnent.is X
ceRBATACFBR1IZEE- Frodd¥d &8Cor dPAGOPS any2b¥cclBRrLses a
1llgd4eoabarmctetr&eddmtd hatnd hengasemrs, chargegen, argon,
conprjses a_gaseQus m xture containin drogen, .
 ERERT Brlon Clitn AN Deyban, MHERSFRe Shermaghenical
t hereathent calist r emtyreiitrasi@oxyni pranionpcarburization and
oxgg&&gpggﬁpg£5?§ghgn and oxycarbonitration . 19-

Pl asa reactor for treating netalljc pieces and |

cohpri s hySE nef @ F QL cakithg Yot g i Msfqllic pieces and
| ntefpal byngaarfaekionccbaghey ((28) pledvinded,Wikterhally, a

suppor; (30],. an anode; cat hode sxstem (40) 43soctal §d) , an

anode-cathode system (40) associated with an electric

power source (50); an 1onizable gaseous charge inlet
(21) ; and a gaseous charge exhaustion outlet (22)

connected to a vacuum system (60), characterized in that

it comprises a heating means (70) mounted externally to
the metallic casing (20) in order to heat the latter and
the interior of the reaction chamber (23).

20- Reactor, according to claim 19, characterized in that

the heating means (70) transfers heat to the interior of
the reaction chamber (23) by radiation from the metallic
casing (20).

21- Reactor, according to claim 20, characterized in that

the heating means (70) is formed by at least one resistor
(71) in thermal contact with the metallic casing (20).
22- Reactor, according to claim 21, characterized in that

the support (30) comprises multiple parallel and spaced

apart ordering structures (31) electrically coupled to



power source (50); an ionizable gaseous charge inl et
(21); and a gaseous charge exhaustion outlet (22)

wa@oeomaesseel to a vacuum system (60), charact eri BETVBR2009/000165
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that it conprises a heating7neans (70) nounted

externally to the netallic casing (20) in order to

heat the latter and the interior of the reaction

chanber (23) . 20- Reactor, according to claim19,
characterized in that the heating neans (70) transfers

heat to the interior of the reaction chanber (23) by

r atihat semef rdmatiyedeet @ 1)i cotashagaprdp-cazhodResyistem (40)

acgaRdivig &ip shai mAQ r Gharagd eﬁ_{,z%dahém{ tgfements (42)
heatlng nmeans 70) i.s formed by | east one resistor

(73pPReEh&Pdl ISR W HAIRE bt 4l | PE GRS gl oCgp)cathode
2¢stBract(an, aceebﬁlngftosghajnm&ﬁﬁrqm@gaqﬁiﬂddhﬂidsq (31)

that _th 0 .ti pl Il el

LRl S5 RECS bbb OB 1SS s L s el et o

coapkeaeaothe,saneoeﬁe@grbdecgaiﬁ.@Q,t@@aawadeﬂaamhbdm that

Sy%ﬁ@”\if%@c W@EChtﬁgehngerigafé gonéﬁﬂﬂﬁ%ﬁ§fn?ronl the
e (41

el enents (42) coupled to the ot ectr
t hBeERbddeccathvtRd sydtlm F20)theaditeir v doér dere ngeaction

stwgmjé@s @%lz d%ﬁ:rufzz%él rb%cﬂirtdleﬁ;stt@ng H@ﬁ:@{c'th@)lnpp%&%llel to
eat e acC acc clalm
CrhaD: oF: bhebRoerito neogrrhreaoidnd Al Wes MRt (30) .

radlatlon produced fromthe netallic caS|ng (20) to
the interior of the reaction chanber (23) occurs
according to a direction parallel to that of the
ordering structures (31) of the support (30)




