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CROSS- REFERENCE TO RELATED APPLI CATI ONS The present appl i cation
claims pri /g do¥sidesdy.- S. Application No. 11/564, 080, bétB 09;708560
Novenber 28, 2006, the disclosure of which is |ncorporated erein
reference. FIELD The present disclosure generally relates to pl asrra
torches and plasma systens, 10 and nore particularly relates to twin
pl asma torches for plasma tr S5t i r Ay mat eri al s.
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of erosion of the electrodes and/or stability of plasma jet profi.liﬁg or position.

20  Changes of the profile and position of the plasma jet may result in changes in the

characteristics of the plasma jet produced by the plasma torch. Additionally, the

quality of a plasma treated material or a coating produced by a plasma system may be
affected by such changes of plasma profiling, position and characteristics.

In a conventional twin plasma apparatus 100, as shown in FIG. 1, a cathode

25  and an anode head 10, 20 are generally arranged at approximately a 90 degree angle

to one another. A feeding tube 112, generally disposed between the_ heads, may

supply a material to be treated by the plasma. The components are generally arranged

to provide a confined processing zone 110 in which coupling of the arcs will occur.

The relative close proximity to one another and the small space enclosed thereby,

30  often creates a tendency for the arcs to destabilize, particularly at high voltages and/or

at low plasma gas flow rate. The arc destabilization, often termed *side arcing”

occurs when the arcs preferentially attach themselves to lower resistance paths.



Attenpts to prevent side arcing often involve the use of a shroud
gases, however, this approach typically results in a nore
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pl asma torldhes; 2 FIG. 4 is a detaﬂed view of an embodiment of a plasma channel including

three cylindrical portions with different diameters consistent with an aspect of the
present disclosure;
FIG. 5 is a detailed schematic view of an embodiment of a forming module
consistent with the present disclosure having vpstream and downstream portions of a
20  forming module;
FIG. 6 illustrates an embodiment configured to deliver a secondary plasina gas
to the plasma channel;
FIGS. 7 a-b depict axial and radial cross-sectional and sectional views of an
arrangement for injection of a secondary plasma gas consistent with the present
25  disclosure;
FIG. 8 a-b illustrate views of a single twin plasma torch configured for axial
injection of materials;
FIGS. 9 a-c illustrate a single twin plasma torch configured for radial injection
of materials;
30 FIG. 10 is a schematic of a plasma torch assembly including two twin plasma

torches;
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materials in the plasma stream may be sufficient to permit efficient utilization of

in

plasma energy and desirable transformation of materials during the plasma treatment
may occur with high efficiency and production rate. Additionally, a twin plasma
apparatus consistent with the present disclosure may also reduce, or eliminate, the

25  occurrence of side arcing, which is conventionally related to high voltage and/or low
Reynelds’s numbers,

Referring to FIG. 2, a twin plasma apparatus 100 may generates arc 7 between
the anode plasma head 20 and cathode plasma head 10 correspondingly connected to
positive and negative terminals of a DC power source. As shown in FIG. 2 the axis of

30 the plasma heads 10 and 20 may be arranged at an angle o to one another, with the

convergence of the axes providing the coupling zone of the plasma heads 10, 20.
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present disclosure may generally provide a twin plasnma apparat us
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swirl conponent el ectrode 45a or
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ring 35. The 30 formn gener
channel 32. forming assembly 97. An electrode module 99 may include primary elements such as

an electrode housing 23, a primary plasma gas feeding channel 25 having inlet fitting
27, a swirl nut 47 forming a swirl component of a plasma gas, and a water cooled
electrode 45a or 45 b. Various additional and/or substitute components may be
25  readily understood and advantageously employed in connection with an electrode
module of the present disclosure. ‘
The plasma forming assembly 97 may include main elements such as a
housing 11, a forming module 30 having upstream section 39 and exit section 37, a
cooling water channel 13 connected with water inlet 15, insulation ring 35. The
30 forming module 30 may generally form a plasma channel 32.
In the illustrated exemplary plasma heads, primary plasma gas is fed through

an inlet fitting 27 to channel 25 which is located in an insulator §1. Then the plasma



In the illustrated exenplary plasm heads, primary plasm gas is fed
through an inlet fitting 27 to channel 25 which is located in an
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arcing plasma gas flow rate and arc current. For example, in one embodlment D1 may

generally be in the range of between about 4.5 — 5.5 mm if Nitrogen is used as a

plasma gas, with a plasma gas flow rate in the rangelof between about 0.3-0.6

gram/sec and an arc current in the range of between about 200-400 A. The diameter

25 D1 of the first portion may generally be increased in embodiments utilizing a higher
plasma gas flow rate and/or higher arc current.

Length (L1) of the first portion may generally be selected long enough to

allow a stable plasma jet to be formed. However, a rising probability of side arcing

inside the first portion may be experienced at L1>2 D1. Experimentally, a desirable

30  value of a ratio L1/D1 may be described as follows.

05<L1/D1<2 (1)



inside the first portion may be experienced at LI >2 Dl .
Experinentally, a desirable 30 value of a ratio LI/D 1 may be

descri bed . 0.5 <LI/D1L <2 (1) 5 W 2008/06

PCT/ USZOO7?§)8%@%%&¥%DI’G preferable ratio between LI and;%?a%?/mggmﬁ
described as follows. 0.5 < L1/D1 < 1.5 (1 a) 5 The second 40 and
third 42 portions of the plasma channel 32 may allow for increasing
the level of the plasma gas ionization inside the channel, as well as
for further formng of a plasnma jet providing desirable velocity.
The di aneters of saMdre meferobld ratio batweert Il and DA ngyde desoniledaf fdilhes.pl asma
channel 32 may generally be 10 characterized by the rel ati onship of
D3 > D2 > DI. The foregoing relationship of the dianeters may aid in
avoi ding further side arcing inside<tdPd <sletond 40 and thir 142
portions of sthe plasma channel 32, as well as decreasing the
operating voltage. The additional characteristics of the second
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15
4 mm > D2-D1 > 2 mm 2)
2>D2/D1>1.2 3)

20 The additional characteristics of the third portion may be described as follows.
6 mm > D3-D2 > 3.5 mm 4)
2>L13/(D3-D2)>1 (5)

25

Various modifications and variations to the forging geometries given by the
above relationships and characteristics may also, in some embodiments, provide
desirable performance. In the illustrated embodiments of FIGS. 3 aﬁd 4, the plasma
channel 32 exhibits a stepped profile between the three generally cylindrical porticns.

30 In addition to the stepped configuration, various different options regarding
geometries of the plasma channel connecting the three cylindrical portions may also

be suitably employed. For example, conical or similar transitions between the



WO 2008/ 067292 PCT/ US2007/ 085606 cylindrical portions, as well as
rounded edges of the steps, may be al so used for the sanme purpose. A
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exanpl e, during tesii of _an | ary.enbodi.ment o

a0 havi ng the SanBeRREALPIRd o StRae it Henohah sopodnim shar Bmng
at the sane | evdhle® mwmcmmn W@Strdath okftioned9estpl aimying oaale 130 ik e]ectncally
descri bed above |tro en fl.ow,ra s decre down t

0 o o eac ol aiso Rt oo s CHEL et 37 R F DEEE Py (e
i nsul ati on of n:kselaﬁlh@ir@ﬁSs Iothid ilestrhiod ahwtgmmdmlsealﬁg)mmg SSenayrbeqwdmed

Lo perm { oHen LNl I EIHILLANS: Ak SR ARTR. 05, B QNCLA! Sl
30mn|m2|ngore|mna uc |ns atlon

may cor r espondidaghsyrearh pant é’&eﬁM fmenmg) npl:héa( B ylajofeSlat mwdmt1qniahsarm11ty of the
apparat us. arc and plasma jet, i.e., provide a plasma jet exhibiting reduced or eliminated side
arcing, even for very low flow rates of a plasma gas, and the related low values of the
Reynolds number. For example, during testing of an exemplary embodiment of a
25  plasma head having the same dimensions of the plasma channel and operating at the
same level of current as in the exemplary embodiment described above, when the
nitrogen flow rate was decreased down to 0.25 g/sec, side arcing was not observed.
Additional electrical insulation of the elements of the forming medule 30 may be
required to permit even further reductions in the plasma gas flow rate while

30 minimizing or eliminating side arcing. Such addition insulation may correspondingly

increase the complexity of a twin plasma apparatus.



7 WD 2008/ 067292 PCT/ US2007/ 085606 FIGS. 3 a-b illustrate an
enbodi mrent of a twin plasma apparatus in which a plasnma gas, or

m xture of 4o Asdgssgases, is supplied only through a gas .ﬁﬁ o S&WG
channel 27 and swrl nut 47. In sone instance, supplylng e

gas around the electrodes nmay cause an excessive erosion of

el ectrodes, especially if plasma gas 5 m xture includes air, or

a.nOt her active gas F@C?F‘ﬂg} igPSt;a a }n%%@%%ktboqfa tt\V(k:]flﬁ%l s{at%.sagparatus in which a

di scl osure, erosion revent ed,
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addi ti on:aI secg%mgﬁlyﬁgmg‘g Q\ggﬁgug? m xstggl?gnSEag& Slg;gﬁﬁn{ﬁ%; ep a:kagl gﬁtOllﬁ/deme
downst r eam of tehemsies)mamauwmcﬁssvmmmnf aln@dnéeMBaJe@ﬁH)ceftm@m@ %8
10 and upst seany; 86! ihAfes %ir0b: atnlaﬁmf&rtga @g; r@&u}dﬁ] %9 an%@pe@mOﬂé g&@éne

providing a secondary introduction o I's shown |
6 for a cat hoddisplogsegrsieadt ﬂw@%@deégmrbamgcht @mmrl@dfbyrsuaﬁywwe

pl asma head W lijerbgs, rf@@@!ahﬁble%?%ﬁ{ &}&g&lswmﬁn 498 eLRgdabd moeesrmd BAsingBY

be supplied to a gas channel hrotgh a gas inlet 81 |ocated
i nsi de a di st ridpyadhe glectrqdey nin Préwwamﬁ’etron FERORLATYS 845 OR ST IXBESs M3E e be

fed to 15 a pl mpﬁnag@e&nﬁaa&l bt B 84, Unfch QS bR Bndié 458 6RLAbdE B3
t he upstreaigsectlon?) ormngm)ueS. Referring also to
X

FIG 7, an 'xedp! apsreuniseripaeiof she Grpins sdubple A ghbrdimensproviding 2
secondary pl asReof@sy meeaticich dfS plINWRas iflsHd¥n & F@nd fdr&dﬂa@xbdé?ﬂl&&&ﬁ'head
sections. In the |IIus%rated e OdlﬂEE fo ﬁ@§ 77 na
provi ded in thé “UESOPEIRFEELTS Hhasyo f‘oplwﬁj]eeﬁsfv © ”é‘&ﬁ& ?‘Wagﬁﬁ
gas to the pl asmn@!ﬂﬁpmaha 2. ma@sbe?ﬁppltbﬁVbﬁ a §a516ha‘ihé)t79 tifréugrpy g!memlet 81
arranged to pr st.an |aII roduc
Secondary i s A ESES L RHE: 41 B et FEe SEPEhaGHs AL ohly
also suitalsly at;ﬂasmhﬂmachz tilaegtesiom yr Mesai’mad’ateﬁtuy ﬂﬁfuppﬁsmlsb&tﬁn 39 of
arrangenments | nenti ng .o at tyses
in accordance ﬁ)etfﬁnﬁlp%glgﬁ?le 365@ %gﬁ @j’? & Igh s¥Y exglﬂgls |‘°1mf%§5 fa'tot% one
t echnol ogi cal  rpesible kmmtfsr séecmldiry glawmi basfecaliigds fhoeatinedil aed radal ebssal S
and plasma sprayi.ng. AXi i al and ¢ i ned ial/ adlal
i nj ection of mi%{ 1F"ig'JsaI gnt Blélsu TSR {n?eélgtr%'ﬁf ﬁ%@aﬁem@f F iRl Hese
arrangenent s. Rb@ESam8ectitn BY toussppiyathe sexsiapyl @asya geonthieglasab clomsel 321 As he
i nj ection er i n une &Q twn S t
Vartous ot 10" S Ble gk 5 Beh BE bl o e YR Bhen R RARNRY
8 and 9 il ust cétle secqnéuvlpdmmacgm‘ togplasatal chasne] | Sdenkechgements may also
combi nati on suitably be employed.
There may be a variety of possible arrangements implementing one, or
several, twin plasma apparatuses in accordance with present disclosure to satisfy
25  different technological requirements dealing with plasma treatment of materials and
plasma spraying. Axial, radial and combined axial/radial injection of materials to be
plasma treated may be utilized in these arrangements. FIGS. 8-11 illustrate exemplary
configurations for the injection of material in conjunction with a twin plasma
apparatus. Various other configurations may also suitably be employed.

30 FIGS. 8 and 9 illustrate injection configurations implemented in combination
with a single twin plasma torch, respectively providing axial and radial feeding of

materials to be treated. Angle o between cathode head 10 and anode head 20 may be



with a single twin plasma torch, respectively providing axial and
radial feeding of materials to be treated. Angle a between cathode

head 10 an¢yappslss7igad 20 may be 8 WO 2008/ 067292 PCT/ biIS290xuhHi3e&80
one of the mmjor paraneters determ ning a position of a coupling

zone, length of the are and, consequently, operating voltage of the
arc. Smaller angles a may generally result in longer arc and hi gher
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FIGS. 8a-8b illustrate cat hode 10 asma S oriented

to provide a $ififineplasias enheroidization eisepmmio P@Wdeg%lél’sgéﬁrrﬂ I’Vé@m 4h80 gegzesta

heads 10, 2G may,y tRGdRAVRLREY RUpRYROWERH a5 IR iH (13 Pnge AP b&%b&' aleQVﬁ‘eé
injector 120 may be disposed 10 between thé respective plasma heads

10, 20 and may W%PF‘BS\P%HC"Q%IYGWE'@@EGO&?\ injected material generally

toward the coupli ngm%a.sﬁhﬂusﬁéﬂeadamaww@and aﬂda@tzer 1210 W% HfRnted to
supported relative to the plasma heads 10, %f)e/ an i nj ectar_hol der

124. In vari ou§f°"é¥?6‘c§&1gFFe“r’i‘S]§d CYiR &1 @EP@VS%% rThﬁﬁiﬂsréal by 14 29 gy

and/ or ther mal |b)z€ pbw&sch 8¢ & pbWér supply €30. OAn 324 pbivedN ihjBRoI20SHE He Uispbbed
system 126 ma tor.ch configur on providing radial feeding

| a
of materialld éet“ieiﬂf the pesmeeaE Pl?ﬁnwf@d@gai Ocand may b, giifTred {0 Alset a1 injected
[ Rj eclti on 1ﬁ8 gﬁy'enlali‘gdﬂbﬁpﬁ)ﬁﬁdécﬁlﬁt lacﬁ@nﬁg ide. 'E['liHi‘alo x@@rﬁoﬁtﬁer@f_[j&t&rﬂbﬂia*ﬁ bof
t e plasnma nea . .cat e e .. e r I a |nject|on
195 hay bo or| Sinened slatig loupe Rl s 1420 oy A ot e 120n iR o0
from the pl asrmbbditents,nthe igieder abliet ma ieRbricHIy e4ridiod NtherMalynGhisalate the
injector 128 20, ci.rcul ar. cr [ 08958 ectl on of the materi al

f eedi ng channell%icﬁ?f\ﬁ%gr DS ASTR R RSYSER ot her enbodi nent s,
however, ani5el |i pti aabplagha Somh Ic@nﬁgifmme lm‘mﬂlhg mdﬁalnlfeebmg&&, matefidlers ed

h the | d h f
fromthe  pl asi B RES &0, o Rl i PGP b GE
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pl asma torch asse eac arr o asma
head 10a, 10b almdplasma hegdiin e gpwmallyrgdiaideiop! adsmmﬂlaacbtcﬁda;} nﬂ!@ﬂlavmgl

liein a re)?)pe%hb}i% o%s@@&ﬁ?ngt%ﬁme %%@%al feérd’&%e@fa%gﬁ?cqu%‘lﬁw%% TRy

form angl e bet ween ea
other embodiments, however, an elliptical or similar shape of the channel 136,

oriented with the longer axis oriented along the axis of the plasma stream from the
plasma head as shown in FIG. 9b, may result in improved utilization of plasma energy
and, consequently, in higher production rate.

25 FIGS. 10-11 illustrate possible arrangements of a two twin plasma torch
assembly 132. The axis of each pair of cathode plasma head 10a, 10b and the
corresponding anode plasma head 20a, 20b may lie in a respective plane 134a, 134b.
The planes 134a and 134b may form angle P between each other. Some experimental
results have indicated that an angle P between about 50-90 degrees, and more

30  particularly in the range of between about 55° < B < 65° may provide efficient plasma
spheroidization of ceramic powders. Side arcing may begin to occur as the angle B

between the planes 134a, 134b is decreased below about 50 degrees. Angles B greater



results have indicated that an angle (i between about 50-90 degrees,
and nore 30 particularly in the range of between about 550 < (3 < 650
may provid I t plasma spheroidization of ceram

Si de arci ngvfriﬁlijlél e%?n to occur as the angle (3 bet V\eenp(fﬁg%%(ﬁseﬁgﬁ
134a, 134b is decreased bel ow about 50 degrees. Angles (3 greater 9
WO 2008/ 067292 PCT/ US2007/ 085606 than about 80-90 degrees may result
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treated. A varisaéta &hnfipihtemtoidResuld Bf ikPRsedbtllizatkta ob pPdehsdne@dl, whlh By,
may al |l ow adjustnents and optim zation of the | asma and 1 nj ection
paraneters for "SPELIFPE! 'b‘ﬁ‘ﬁ)ﬁf&&i}l%ﬁg Tatpr Y %heéﬁ?g?ﬂiﬁ“ﬂ%érfl%? uﬁﬁ%i’“
sour ces rraylsz_uiof a{elpyasﬁﬁ cRErRY myigadé htfhie]v&@ﬂﬁ@igﬂfﬁfétdsgfl?mgh{birﬁd,rﬂirﬁiﬂfﬁﬂeouz
system according.to the present .disclosure, it w appreci.at.e
that the oper atrgdr‘fa a@%laflﬁlg‘@ef)tfonaofﬂ?aé 2 P& P ARhe g‘o‘ﬁf‘%ﬂ?éﬁ“&%
adj ust ed t 0o acoeptioieddll Getdngerstv@l, withemauiljowt adpatmaeiiBt i SopaifnizaHotnE T @e al
avai |l abl e power sourgces..For exanpl e SAB ( Fl orence, South
Carol fna. UBR) PlesnP i ion B BHER T ool abRsp N0 and ESP-600 whi ch
are wi dely used f orwallasmsomutévelgeda pow@Ssatdee rmgyl asablyt &< enployed 5.
These commeyoci a |y, avallabl g, BOVEL, SOU G8Re TR Sieoct! HLALER! Y wiP ¢
for twin pl gsma appar at it &P and ystens 282 iRl 'Te PRSRev ey e

appreciated that the operating voltage of a plasma system may be controlled and

adjusted to accommodate the available output parameters of commercial available
power sources. For example, ESAB (Florence, South Carolina, USA) manufactures
power sources ESP-400, and ESP-600 which are widely used for plasma cutting and
25  other piasma technologies. These commierciaily available power scurces may be
efficiently used for twin plasma apparatuses and sysi:ems as well. However,
maximum operating voltage of this family of plasma power sources at 100% duty
cycle is about 260-290 volts. Thus, the design of a twin plasma apparatus, the plasma
gas type, and the flow rate of the plasma gas may be adjusted to fit available voltage
30  of ESP type of power sources. Similar adjustments may be carried out for mating a
twin plasma apparatus to other commercially available, or custom manufactured,

power supply.
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maxi mum operating voltage of this famly of plasma power sources at
100% duty cycle is about 260-290 volts. Thus, the design of a twin

pl asnma appw@gogﬁ%.,& e plasma gas type, and the flow ra @.@%85%5606

plasma gas nay be adjusted to fit available voltage 30 o e of
power sources. Simlar adjustnents may be carried out for mating a
twin plasma apparatus to other comrercially avail able, or custom
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and 10 nitr ogegow foutdag mBt béThdtded 'b?\/ﬂsﬁ@t 05 MM o Sidolrk W8 taradh eaqd by
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asma torch in_whic a nne eac asma__he a

2 profile defi RESHg C Bi“nhlrﬁﬁo TS%‘E; ’&F‘FHIOB% i.dat*?r?éesg?t%fgf?a‘r@;s@%é”aénd

15 fl ow rates asahed atieglaohinlplame ore int WigctClie YRSmA cifani® 132 ,of each plasma

respectively, as

a; N2 35 glse curve 2:

AP0 55 o1 ec Mgt By Eltor Sy oA Dgnigingb ) S e gty
0.5 g/ sec, 182, fDBwhhtegiss@tatedarich cacti sfahdcurvas 1-50vede, gespaetyelids fdllo®H curve
g/sec. FIG 12b 0 t ven relatively , insigpificant reasi,ng
of diameters DI21 “%;l WE% d]fst%/ectf)weegp%{ﬁﬁﬁﬁgg{sﬁc’j{%ﬁﬁb gfseﬁ’lﬁmﬁn% hi a%%
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decreasing fro t, 310 .valts 270~ .280 v i ch
e st rat ed T P e Abibee b APREBHHOR! Ginkes 37 il o

i nvention have fiveecoregtonflioghy ¥ fayn, 7hem, g&sidrmmpt to Gmngfs mnemn:l 32 ynm may

that numer o, Rt 1] Dapyaklieadfses SRl hg o bk dRdts WipaRRRESS) 202
enbodi nent s 280 volts which is illustrated by FIG. 12b.

Various features and advantages of the invention have been set forth by the
description of exemplary embediments consistent with the invention. It should be
appreciated that numerous modifications and variation of the described embodiments

25 may be made without materially departing from the invention herein. Accordingly,
the invention should not be limited to the described embodiments, but should be

afforded the full scope of the claims appended hereto.

11



25 may be made without materially departing fromthe invention
herein. Accordingly, the invention should not be Iimted to the
descri bed enbodi nents, but should be afforded the full scope of the
cl ai ms appended hereto. 11 CLAIMS 1. A twi n plasna apparatus
conprising: two plasma heads, each conprising an el ectrode, one
conprising an anode and defining an anode plasnma head and one
conprisinggﬁﬂgg%hode and defining a cathode plasma head, wherein
said plas s are capabl e of generating an arc between said

cat hode and anode, each of said plasma heads conmprising a plasma flow
channel i t hereby define first and second flow channels and a
primary gas i nPévinglassgarRnaralis CRRSIngt | east a portion of said

el ectrode and ﬁﬁu;ﬂasmah@aama&llcewpmaeieamdsashdc&@tnmg& Roasm deag

and said anodg plasna head being oriented at an e toward one
anot her; AhHCBSIFTBICAHATY OF RERESTE BRCHATA SFLNGHFS Podsaieome pragisyherein

geger ally cyli sl pigsada hgﬁi%hﬂe(aﬁpaaﬁ]oﬁg‘dﬂftﬁtlr{g@n as kil @Qﬁoﬁmﬂ&.aﬂﬂl%oh@,\éhdﬂgf
a di aneter ase on ener i nd I N, a@] ac t to
said fi rsf’a“Pl PaTmaingiis cHmRhs %Pr% to t@?ﬁﬂ’@ i a@tﬂ%&%ﬂ E‘PV

cyl i ndri catanfdy antie Ipnmardjgaz:lel&t dlﬁpbseﬁlabtdrea\eat I}m&d a pqiltiﬁﬁ (i)famd elextida @d&aid
di amet er [E é"f‘? vw%anneplsaa 193 de pdep dasma eag anaa Ialq:i ano éﬁ p srna heaﬁ bxgie ngrge%%eg at an

bet ween sBid. S &1 GE50 AeB nes such
t hat the arrgiﬁtpaagese@edparemd ally fromD1, D2 and D3 of said f| rst

f1 ow channel a&qh 5?&*&3{%&9%% cha%gelpc%m l:i)ges Q'ﬂgt %@nertgl]:l)y %@gﬁ}%ﬁlﬁﬁﬂ\%ﬂ zen?jléc?}r{ly to

channel . 2. The t asma appar at us Paccor | T _ :
said fi rsﬁalﬁ)mettﬂodmanéha\sw afligmetrédgtseeoneé gdnewlly efiadrivel portionmdraceéty said first

length LI o200 i aedld?neger%2<andlaltlélg effefall %ylm-ﬁh@al boMith, RYAAB. ARPRERARUS
accordlng to ¢claimi1, wherein said |rsg tion of said at |east one

pl asma f | BYtiethhsting 2 dismair P3ewhesein BAGRIDS; wlaﬂfmn wherein 0.5<LI/D1<1. 5.

4. The twi n pl @a&f@oﬁ@@@g@&ﬁﬁda@t@wnqglagatﬁdaesiaahmead aﬂd@%a%hdmebiaﬁnafﬂea@lts
and second Eortlons of the at | east one plasnma flow channel exhibit

the rel at fSRERE tﬁe arg pEspgspgueniiplly som-PleD7 gy P %fégﬁﬁmh%ﬁ‘hé’ﬁ%a“gé%?aia%
to cl ai m & D3MDergd D1 oflsdid second flow channel.

2. The twin plasma apparatus according to claim I, wherein
said first portion of said at least one flow channel comprises a length L1, and wherein 0.5 <

L1/D1 <2,

3. The twin plasma apparatus according to claim 1, wherein
said first portion of said at least one plasma flow channel comprises a length L, and
wherein

0.5<L1/D1< 1.5
4, The twin plasma apparatus according to claim 1, wherein
the first and second portions of the at least one plasma flow channel exhibit the relationship

2>D2/D1>1.2.

5. The twin plasma apparatus according to claim 1, wherein
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the third portion of the at |east one plasma flow channel conprises a
| ength L3, and wherein 2 > L3/(D3-D2) > 1. 6. The twin plasm
apparatus according to claiml, wherein a transition between said
first portion and said second portion of the at |east one plasma

fl ow channel conprises a step. 7. The twi n plasma apparatus according
to claiml, wherein at |east one plasma head conprises an upstream
portion and a r i ng
at | east said ?Qﬁgéﬁﬁgﬁgbgﬁégz&@§P§a£¥%§ﬁ§§ @%ﬂ% ﬁ%g? ﬁg sa|§
downst r eafhgreint i on conprising at |least said third portion of said

pl asma fl ow chanrel e erein said upstreamportion is
electrically |%SU%KP33ﬂ$rg21sald downstream portion. 8. The twn

pl asma apparatus according to claim7, wherein said upstream portion
of sal d phasmariagsh SRR b@?&usadtc&&@gs&c@mppwhle%ﬂ of said second
portion of said plasma flow channel,” and said downstream portion of
sai d pl asma heaHansGiap betyess said first perden aad sriheseond ppticn pf thi atdaptgnsplasorad
portion ofo® dhdindib@spRedd QW channel . 9. The twin plasnma apparatus
according to claim1, further conprising a secondary gas inlet

di sposed downstream of said first generally cylindrical portion of

said at | gast OURewpl @& abpatitts a@&wdm‘getbclaﬂq()1 wm.@mtvm' n plasma apparatus
according to clﬁlm 1, furthe |S|ng ror

ect ) )
ot gurad to. Pt eEsE BO e RRCR PP NPT HLTaop Rosiip soid
created bypssreandpcam@ﬂxamﬁdng:aaﬂdaadﬁd fifst pestion olﬂ%d]sasnihnowﬁh&nélmms@d asma
appar at us ,acc e bet
o et hodt ST CaPREHE bloat i fudet e 4T Bt e R e
about 80 degr ees$d upieamiivetichvd ahecplcalhniasutrprddicat sasl dasosoreth pgtitro ¢l ai m
11, wherein the angle between said anode plasma head and sai d cat hode
pl asma head is between about 50 to about 60 degrees. 13 13. A plasna
appar at us 8conpFhestivingplasmafappasatusapertingsb a7, wbardinhavi ng a pl asma fl ow
channel and a fi skl BARS oPLARTRARAM col LN s Rl 8RR f nnel
each conpr|5|n5 l%&n%eégrogo ¥ a %ﬁﬁgrgygasegﬁ éﬁﬁl g:%g%k&ﬂ@
bet ween atorfignefisaig plagna floynchenneh gedsaisk downstgars peréien ofaid pﬁﬁﬂa kead epnpirisgsih

f1 ow chanpgd SnotRAEEHiSH of$&k Scond portion of said plasma flow channel.

9, The twin plasma apparatus according to claim 1, further comprising a secondary gas inlet
disposed downstream of said first generally cylindrical portion of said at least one plasma flow

channel.

10. The twin plasma apparatus according to claim 1, further comprising a powder injector
configured to introduce a powder material into a plasma stream created by said anode and cathode

plasma heads.

I1.  The twin plasma apparatus according to claim 1, wherein
the angle between said anode plasma head and said cathode plasma head is between about

45 to about 80 degrees.

12. The twin plasma apparatus according to claim 11, wherein
the angle between said anode plasma head and said cathode plasma head is between about

50 to abowt 60 degrees.
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pl asma flow channels conprising a first generally cylindrical portion
adj acent to said electrode having a dianeter D1, a second generally
cylindrical portion adjacent to said first portion having a dianeter
D2 and a third generally cylindrical portion adjacent to said second
portion having a dianeter D3. wherein D 1 <D2<D3; said first anode
pl asma head and said first cathode pl asma head bei ng di sposed at
angle relative to one another and are capable of generating an arc
between said first anode and first cathode plasm heads wherein said
arc that 1% geftdlsPaePPBRIRERRPTSAEd first anode plasma head and said

first cathode aplBERB NRAR hbs RUEHa biadta foRehAnel m&%%caaﬁagy@mma%w
fromD 1, D2 an(il of one of said, plasma flow channels and

sequent i alf4"&%P Py change!sach CB‘F‘prést‘f@taﬁ glectppde, and yprynaty gas iglptsijposed
channel s; bawSeﬁaCaO]aﬁkt apatien ¢flcachrof sdieaettrbay i laﬂﬂgsaﬂ pitlsag Bw thaakeéls; BaRBedaidand

a second ca tho ma. fl ow channel ch
conpri si nB @F ggomﬁrhsépga?qﬁ?t gFH%F@Ygﬂgﬁ?%i W‘%a@ﬁﬁ%‘éﬁ Sa'ga]f’\ﬁé’g?‘l at
| east a pbervungcardmmietaea)dm ﬁﬁonﬁ@mdaréﬂﬂb'eﬁhﬂﬁdémrﬁﬁmchdﬁéﬁndtophﬂﬁ[’ﬂipdrh@i/havmga
channel s, .each said plas ] ow channel.s co sing a fi
qoner al |y BoRE 3R i Bt Fo PR oS iR Sl et Ve 1 D Sk bing 2
?ianeter Eﬁma@ﬁgeaﬂﬁﬂugbnemzﬂby cyllndglcalhpogtlon adjliacentltodsaldI
irst portion ha a thi genera cylindrica
portion adj acefftd #rétgag%ﬁed’?aé'@ggﬁg %‘E%Zé‘ldl%gﬁc hede Rigsa hed&é"r‘r’é& fpofsd at angle
wherein Dﬂefelﬂﬂé%ne arbtieflarg @GaaphbRvd gere tigsdiard R otbe B il ﬁr@ﬂaﬂocﬁ:&ﬁ@ﬂﬂt
cat hode plﬁﬁga \ q&‘f Q% di sposed at an angle relative to one
anot her afi Ea%gb NG F”beneratlng an arc between said first anode
and first cathmﬂacmMasgmmheAdswmmeméﬁmtamddmammimhamdsadgmnmﬁmmfd
bet ween sal asma hea ath asna
hoad 1o SHETARE ey 1t e B PEER SRR Par ) PRSRTEY o sp e

one of saf@w pﬂlaaﬁdmanﬁlsmuentﬁhﬁmm D2ednd DS @gatRtHet 6Hlshiyl planDFow Ednnd D1
of another of said g ghannel S; zlal d first anode plasnma head
and first cathdth °rt5‘|aa%4s‘?a) eaf} Brving R spa ey chagng a?#?%eﬁorﬁwath%de PLpge
sai d secon&danotke m&s&ﬁmwhemel&a@ csalpﬁlsusg%@redrdaa,tah@dgmﬁilragmma&@sgosed

et 00, O BRSSO BT 3 S S L B0 28
anot her .  pésniflow/chphres wamprisieradirs gereeatip I:)dlnﬁnj]cal oritdnaidjacehBto swil ele@iore
S e pR%) . SRnd Bl a0l .l Spsed AL A B0 Shadhe
diameter D2 and a third generally cylindrical portion adjacent to said second portion having a
diameter D3, wherein
D1<D2<D3;
said second anode plasma head and said second cathode plasma head being disposed at an
angle relative to one another and are capable of generating an arc between said first anode and first
cathode plasma heads wherein
said arc that is generated between said second anode plasma head and said second cathode
plasma head is such that the arc passes sequentially from D1, D2 and D3 of one of said plasma flow
channels and sequentially to D3, D2 and D1 of another of said plasma flow channels;
said first anode plasma head and first cathode plasma head being disposed in a first plane
and said second anode plasma head and said second cathode plasma head being disposed in a

second plane, said first and second planes being disposed at an angle of between about 30 to about

90 degrees to one another.
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15. A plasma apparatus according to claim 13, further conprising a
powder injector associated with at | east one plasm head, said
injector configured to introduce a powdered nmaterial into a stream
of plasma generated by said at | east one plasna head. 16. A plasm
apparatus according to claim 16, wherein said powder injector is
configured to inject powder generally radially relative to said

stream ofj4pl a%%sm@ﬂﬂaal’é{ﬂﬁ%@doﬂhrfg% Sialﬁpl\éd@ﬁer&ﬁ‘l ector conprises an
el ongat e openi ng, ¢cr oss-section, | o axis of said opening oriented

general |y par anl%ﬁrS‘t%a“ﬁﬁnda%lds%%’f‘d glé‘i‘edm’p"l%f’ﬁé af n\Rele RERFEvEen alfousTi te) akput
| east onees pdgaki® dneatbthed 7. A pl asma apparatus according to claim 16,
wherein said powder injector is configured to direct a powder
material toward a region |located between a coupling zone of said
first anodg pIA$Mﬁmhaﬁdmamdasmh@t$ﬂmstwpﬁﬁh@danmhagna head and a
coupling zone of id.s

cat hode pl asma® Owagr njgt O R ageg natﬁéglﬁ%?%‘}eﬁzmé%%? cff"ﬁdu?cbor 8?’&?%%%’
conpri si ngrtadifce a90wqmmddmterlahlp6(atsmanmfmfasrgmg@dated) by sajide teap omkgiisma head.
generally radially relative to said stream of plasma, and a second
powder injector configured to direct powder material toward a region
| ocat ed béé-weeh piaswaagraiahg accordingdd clsiai I, Whargin anode pl asma head and

said first cat gﬁ@%ﬁﬁbﬁﬁﬂ&oh?%ﬁgﬁgﬁjm%ﬂ&?bﬁudep né&ﬁﬂaﬂgllﬁgh&gﬁg%meam

anode pl asma head and sald second cat hode plasma
appar at us *eRiEERANAghesinc| ai m 13, wherein at |east one of said plasm

heads conpris e&l@p&%mﬂﬁé&ycoglﬁlgsek A a%ngslt@\e&n&y.;ﬁ@metﬁdm @ﬁg gkis Gdigary
gas inlet. 20. The twn Eﬁgsn& appar atus_accord to claim1,

wher ei n a R ETiEigsepRstl W"%lé‘?ﬂl%‘@&éﬁ’éﬁ Iﬁ%fma.ﬂewc Hirel oA 3t st gne
portions ghshdiadt | east one plasma flow channel conprises a step.
15

17. A plasma apparatus according to claim 16, wherein
said powder injector is configured to direct a powder material toward a region located
between a coupling zone of said first anode plasma head and said first cathode plasma head and a

coupling zone of said second anode plasma head and said second cathode plasma head.

18. A plasma apparatus according to claim 16, comprising

a first powder injector configured to inject powder generally radially relative to said stream
of plasma, and a second powder injector configured to direct powder material toward a region
located between a coupling zone of said first anode plasma head and said first cathode plasma head

and a coupling zone of said second anode plasma head and said second cathode plasma head.

19. A plasma apparatus according to claim 13, wherein
at least one of said plasma heads comprises a secondary gas inlet down stream from said

primary gas inlet.
20. The twin plasma apparatus according to claim 1, wherein

4 transition between said second portion and said third portions of the at least one plasma

flow channel comprises a step.
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