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RELATED APPLI CATI ON(S) [0003] This application clains
t g1 bpenefish of U.S. Provisional Application No.

60/ 928, 385, filed on May 9, 2007, which is

i ncorporated by reference as if fully set forth. 10
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i nvention. The carburizing was run at 850C (1560F) for
3 hours using 2.5% CH4 diluted in N2 during the
thermal and the first DC plasma run, and 2.5% CH4
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CHél dudrentifidws tHrelgh tREDWOR IBad WhiEhd ON
neqaredet treatingatdny eRic@shi®ésmponents,
helps in simplifying furnace design and production
operations, and prevents non-uniform treatment of
work part edges and complex surface features

the tack loPihe 'direct
impingement of activated gas
species characterizing the
methods using work part as one
electrode reduces the kinetics of

anticipated surface reactions

[0063)

Itis recognized by those skilled in the art that changes may be made to the

above-described embodiments of the invention without departing from the broad inventive
concepts thereof. itis understood, therefore, that this invention is not limited to the particular
embodiments disclosed but is intended to cover all modifications which are within the full
scope of the claims.
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hel ps in sinplifying furnace design and production

speci es characterizing the operations, and prevents

non-uni form treatment of nethods using work part as

on art edges and conpl ex surface features
elggtwﬁégsgeduces the kinetics of anticipated surface
reactions [0063] It is recognized by those skilled in

the art that changes nmay be maggajsthe

above-descri bed enbodi nents of the invention w thout
departing fromthe broad inventive 5 concepts thereof.

I't 1i s uAdectatddastitjestef for ese wied cbitiotied BivrRIRphd?@ réator having a

LOFeloPEA ol A8 ISR BRI 5] 02

Swi t hi n # pleelifthat defines ap ectiyptianrnbamberihaing a1 6uBT;110Z USA

CLA' WS 2 ﬁpst ﬁd% iAtet \MY & BAdSRed {ome%hﬁéctécﬂﬁ a“s?:?Plg"of 81t gas and to
g%@ ,6d atm F) ere reactor having a
\fce e firstgas infoyihe gctiyation Ghamberor conmprising: 5 a
shel | tatist aledtrooe thabexteandt intethk attivatiadhambbieardiermiviates within the

Ouﬁétﬁﬁtzongh%r%&t gas inlet which is adapted to be
o a supply of a first gas and to introduce

10t he fi rasROwgasUAPliconnastedaethi fitst ¢lesirodéwhibleswhen ehérgiged, provides an
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el @‘e?afgédr@ltégﬁ%htpﬁﬁt%&iﬁ kVh&Y Al GveRigh! 'cﬁﬁ%dt Bmpgmm%@ 5haﬂq6 A; and

term nat es the  activation ch

suppl y &h ’é’H °i’%‘"?‘r'r°ee’PP~?e§’tt° e astivativnehambenand Wﬁes aground
e neateyitialovth respevt to ¢ fisst eleatvalepge vol t age out put at

| east : . \, ut oflesta

L6%5, SR SRSl ARtk S b Bcnres
acqePyratrencthe fins relegiedepansh/ the secandgeleninade whet dive pawer supply is

Wi dnBrgiZ28ARE dreh M it the &idtrical (ﬁ%ﬁt@%accmnﬁfnp ah Bcthitdi Scharge

aqg ? gnd el ectrodes are positioned so
el di scharges 15 occur between the first

el ect r etieremriine adtieation clantbes tiectirst eldetrodb AR $d26ndBMEEbde, and the first
128 et coRfRf M e 1 B B it Bl s Bl okl zone

di'sc es occur
z bRtore gmmonn@amwmmwamer the first
el ectrode, the second el ectrode, and the first gas

inlet ar 0 ured so, that the first gas i s drawn

t %r ougﬂh g 52?%&5?'?‘%‘3?”&?'@@%?’%9'2 aﬂglectmlfgﬁ;qlgg@erated between

eihet firstant Fsecarct éleetiodeswhérathibe glowehsupptis bh&gﬁé!d 99 eleétrical field
wherei n an

el @g't%ﬁ %ﬁbﬁ P%a' bm gg’%@a"ga(’%‘?"ﬁ@%n the first and

second el ectrodes mhen t he power supply is energized,

tBe elm\frtdct
g S A o a0, SOl S o

1Taim1l, wherein the second el ectrode conprises the
shell. 4. The activated gas inj ector of claimi1,

er ei a ted to. 30 operate
oy el bR nROBPRE Sy, SRR ol Bion, bt Bdapted o
cPerateat substadtiglly theasame tgnmrera@ure as the reactor chamber without the use of a
cooling system.

5. The activated gas injector of claim 1, wherein the power supply comprises a non-
pulsed power supply.

6. The activated gas injector of claim 1, wherein the activation chamber and the first gas
inlet are configured to provide a vortex or swirling flow of the first gas from the first gas inlet
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cooling system 5. The activated gas injector of claim

1, wherein the power supply conprises a non- pul sed

power supply. 35 6. The activated gas injector of

cla rein the activation chanber and the first
gasbﬁ@?':% re configured to provide a vortex or

swrling flow of the first gas fromthe first gas

inlet -17 07110ZP USA to the outlet when the first

gasio the outiet whan; the first gasds intraslueest into the astivatibrashiambet throogiythe first gas
thgnied. rst gas inlet. 7. The activated gas injector of
claim1, wherein the activation chanber has a 5
cylindrically shaped portion and the first gas inlet

i s & ang@h¢ iaativajedcgasniajete of elainhe, wytereit !Hecﬁdtiba‘tionsd‘raﬁibér has a
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SW T
actsP%Qfﬂlpéﬂ'Oﬁharrber 10 9. A control | ed- at nosphere
react or system conprising: a reactor chanber adapted
tojacco t @vvork oadto betreated the reactor

d
ch8nber ERAMRIed gRSIRRCerQ claim T, further compprising aswirbriate docated in the
t hectivatidnehambeme heat source being coll ectively

jocapable of 15 elevating the reactor chanber to a

tenperature of at least 90 degrees C and at |east one
gag i njAeeniolled-atmpsniiere mactertsystemspmprisinggas i nj ect or

i ncl udiggactdr sHaribkr &tRapied 't@gccﬁﬁ\nﬁeﬁl’e‘é%drﬂaa%m%a}ed the reactor

havin outlet th is in flow conmunication
th(éhﬁ"'g’galﬁ1 a first gas inlet which is

adapt edat teasttmememeorce dhé at Ieass omEpieat Sdurdd HeingTolléblivelétpable of

15 20elév°atl bﬁ’é &nghén%er Q)tJ tg kigr%f %&’raé!frggtt%? agl)???nﬂﬁ‘r
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| nt o tl‘?é'eaittqnﬁaﬁ @ﬁcbh&ﬁmf thenat least oriergas énjectartinciudinghe
activation ﬁfbh@lpgéﬁm@ E’ﬁ)\ﬁﬁf vaﬁ&PEl'\éfntfé?rHaﬁﬁ%%ﬂ Mﬁe{ Bﬁt is in flow

el ect en ener gl zed vi des

a\/c(?%g&'g'c@ﬁ%vgg'gh%@?ﬁtﬂf chambeeast 1 kV an d an aver ag e
current out pfitst g irllet sdich saiagtd be@bfhecRE tea SPPRHBEA first gas and
el; u§66s'iti89€d tbr?rﬁFodhée i AP i3 {ﬁerlﬂ%tn\%?{)ﬂh gl'?atglg)%g ot h?gbte he

prOV|
f | r st affist 9lpgta:@e ﬂ%ﬂﬁ exten 't'th gheractivation nlanster anditerminates within the

elaewiatiershamdee positioned so that el ectrical
di scha the first el ectrode and the

ges o&gur bet v&eg}

second® BY S SHRIECARARTICG RAhedistslectiqrishioh; whensaneraized siovides an

t heeragecwitage qutput bt iedst 1 &Veaat ah eaéragb ARlear AMsut Gﬂ§é§ than 10 A; and

def i ni Ngs-BRq &b ne

L Va{:klj on&R’EE irp%ﬁg 9;{0%8&1@ ctngq(?gla a}ami:gr aqc“)éovdes a ground

sBleRtial with-siepestito theifiret elagkodd;r st gas inlet are

g onf i gme@dn e Sfirsh ahd éeend élé@t?odgé‘ére Ip8sifitrid8o tHaf QLHkal Si§charges
J)c%ﬁ Bét%gen H’ne irst elgc?roée and the second electrode when the power supply is
energized, the area in which the electrical discharges occur defining an electrical discharge
zone; and

wherein the activation chamber, the first electrode, the second electrode, and the first

gas inlet are configured so that the first gas is drawn through the electrical discharge zone
before exiting the activation chamber through the outlet.

10. The controlled-atmosphere reactor system of claim 9, wherein the second electrode
comprises the shell.
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before exiting the activation chanber through the

outlet. 35 10. The control | ed- at nosphere reactor

systemof claim9, wherein the second el ectrode

co j e shell. -18 0711QZP USA 11. The

cogp?gﬁggg& nosphere reactor systemof claim9

wherein an electrical field is generated between the

first and second el ectrodes when the power supply is

enel bi zelde copolied:-pimosphere reactorsystenuefidaim 9, whareingn lelegfrical field is

Egagweﬁteh Be’bﬂt/er“eraggrgﬁﬂs;t éﬁ@s{f@ﬁdﬁi&%@gﬁeﬁ?ﬁe&ogeﬁugmy is energized, the
oo esticai bR e Grh ESebaRen T RATAS] 1D e

operated at the sane tenperature as the reactor

h er T Walo 13. .The
S ont ol o baled othbre 1BloicPoyRl & ool BhéiBp s sowallnchamber
whe§ G35i9ned o heoperatad at e Aiyae temperatute agthe teadtor chamierwittiont the use
a [ofesesling spitedt | east 1 millibar when the at |east

one el ectric discharge activator is operated. 14. The
control | ed-at nosphere reactor systemof claim?9,

whdBei nThéeonirolteidvedrhospherehestine systensof Clained, @tlerdin thegasdtor chamber is

o 50RO S oo

whEFRlor isioperatedet or  chanber is adapted perform one or

nore of the follow ng operations on the workl oad:
catpurigin jtrjidin carboni triding, . o

ni :I Jr?'oca 'beLﬁ%f‘Eﬁr’]{? & %P@qﬁ? L?P?f@',syﬁ?'?‘ﬁfﬁ'a"gﬁn‘@%ﬁ"?'%ﬁ',ea@y?@@ chamber
r ei$uecalegrat Iepstpartialy withirl te réactyr cleimiteer i ng, neutral

iscarbon potential annealing and inert 20 annealing. 16.
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Thiff control | ed-at nosphere reactor systemof claima9,
whi-ei nTherfentrlisd-atsospheerrractor systant ofoiaim 4, wierein theoesctor

r ect@imber is dasied pdidvh Be ar rhéra @t A8 f6lIBHing BFerdfioris dh A véload:
en&r@]ﬁgm tr{]tﬁ at | east. one .gas . inj.ector conprises a .
f i FLRUEING. Mitidling. cabopiiding njtracamuriziag, bpgnizing. BrightAnngalingoxide
25redyaiion dearing, spidering,) sintéring, dentraltcarbop potehtiaR kniealiigénd inert
urgn(p,ggjngg end. 17. A nethod for activating an

at nrosphere contai ned by a reactor chanber of a
control | ed- at nosphere reactor, the nmethod conpri sing:

Lyt oo eSOt Aty of AR, WREII S roa b hamber
aeoRR R o aE reFof ARt i msinasty anoniopsing ond and
t Hige atleaptone igesinjectoactnprisesefirst gasinjootdr Ieba]gsd ;brOiimf\lft@mb lbgding end
a a8 Qb ; t ,rst electrode

b)';:l ggnneg ?%@ﬁ%ﬁgkf %&spm{gﬁégg %edﬁen??ag D@ eBSWer supply

that provides an average output voltage of at least 1

k¥7andAanethoe fergRtivishg h fmbsghele téitdindd by &SRattB@bhahtber of a
Aicorﬁﬁﬁ?d?é@%s hc? fi rtst as 't] o the electrical
di'schiar ges, %Teéﬁﬂ'éf%ir?ﬁi QdOMPI3I8Y: gas into the
r eact osupplyigiadirst gas intogin axtivation tieimtied frof @nielevite@ pressure source;
act i vagdn@Riting @Bl dischargdd Behi®dn a il electrode located within the activation
chamber and a second electrode having a ground potential with respect to the first electrode
by connecting the first electrode to a power supply that provides an average output voltage of
at least 1kV and an average output current that is less than 10 A;
exposing the first gas to the electrical discharges;

discharging the first gas into the reactor chamber through an outlet formed in the
activation chamber;
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mai ntai ning a pressure of no less than one mllibar in
the reactor chanber while the first gas is being
di scharged into the controll ed-atnosphere reactor

ch ; mai ntai ning a tenperature of at |east 90
degﬁiézﬁﬂgghe reactor chanber while the first gas is
bei ng di scharged into the reactor chamber. 5 18. The

nmet hod of claim 17, wherein: introducing a first gas
into an "@&t@'wasaewsmmﬁeswﬁarqnge&lhhaﬂmrtwmctﬁgchamberwhﬂe the

fi risdt gge@R being U%cl@digmhtb‘ﬂ%t doﬁﬂolfébéﬂ@@bhér@ f?éacto?’ cﬁ‘émﬂe@%ﬁ

parti al | Iocate tr}ﬁ 68%

The met AGHEIFNG A "meia?”'ef’? st gq.%qaqs Wﬁre%gcﬁlcpaaxppq{gvhne the
at first gas is heipg dischangeaffintd fte reactarchivaba. i nt o t he

sactivation chanber; and exposing the at [east a

portion _of the at rmsphere to the electrical
di d8nhar gbs methag of gigien Hewherginof cl ai m 17, furt her

conpr | Slnﬁgduca‘h@ ah@ﬁtgaé in@Pdr &tdivaion @ﬁa%lﬁb’i‘%&m&%& iritoliYcing a first gas
i Scallof chetfier ot ' Batpatiall dkied wili B rasglor chamber.

heat-treating step while the steps of claim18 are

lObeﬂggerpﬁ{efrﬂétﬂ&fjofc?a%%‘} fu&-r{é?cgmérﬁ g. of claim 17,

rrsrn activation chanber
at su bs‘%sﬁﬁi‘tlnalaﬁ &eaﬁt ﬁepogan@f the ﬁtﬁmsahqre intethe mptivatigreehamber; and
chamberexpdsing the at 188t B@@rieh ofthahiMobgheré 9 thé'8fectrical discharges.
conprising: 25 while the steps of claim 18 are being
performed, perform ng one or nore operations fromthe
ngQJp offhe noadindsiof iclainm 47, furthier capmiging:car boni tri di ng,

15 Ni t r 0C3ehrd aﬂh@ An é?%zﬁp gﬁhlglﬂr mQt%hug IWork ad qg‘éaﬁangﬁﬁ( yfle reactor
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reducti on, tering
cBBRenadent i al anneal i ng and i nert anneal ing. 30

23. Th @eﬁ@fﬂ’ﬁybt fkastGl portion d2the hedtivdat nfgfs@émﬁﬁllé 'tH%%teps of claim 18 are
t}lg a concentration of the first gas in the
r eac er that is below the | ower

exploswlty/flarrrrability limt for the first gas. 24.

T@ HEEFHQHIGG‘TOU%# ahlﬁqe1(]:77furtﬁ£e}§croﬂgﬁ? ﬁét DOSI tioni ng t he

first and second when t he

gener aPPHBlingthgActivatignchagberas pubstantially the saree emperaiue as the reactor
f ichardbérs f or med bet ween the el ectrodes has a field
strength between 1 kV/cmto 100 kV/cm -20

22.  The method of claim 17, further comprising:

while the steps of claim 18 are being performed, performing one or more operations
from the group of: carburizing, nitriding, carbonitriding, nitrocarburizing, boronizing, bright
annealing, oxide reduction, brazing, soldering, sintering, neutral carbon potential annealing
and inert annealing.

23.  The method of claim 22, further comprising maintaining a concentration of the first
gas in the reactor chamber that is below the lower explosivity/flammability limit for the first
gas.

24,  The method of claim 17, wherein

positioning the first and second electrodes so that, when the generating step is being
performed, an electrical field is formed between the electrodes has a field strength between
1 kV/cm to 100 kV/cm.
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