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BACKGROUND OF THE TECHNOLOGY

FIELD OF TECHNOLOGY

[0002] The present disclosure relates to equipment and techniques for
melting metals and metallic alloys (hereinafter “alloys”). The present disclosure more
specifically relates to equipment and techniques utilizing electrons to melt or heat

alloys and/or condensate formed within the melted alloys.

DESCRIPTION OF THE BACKGROUND OF THE TECHNOLOGY

[0003] An alloy melting process involves preparing a charge of suitable
materials and then melting the charge. The molten charge or “melt” may then be
refined and/or treated to modify melt chemistry, remove undesirable components from
the melt, and/or affect the microstructure of articles cast from the melt. Melting
furnaces are powered either by electricity or by the combustion of fossil fuels, and

selection of a suitable apparatus is largely influenced by the relative costs and



DESCRI PTI ON OF THE BACKGROUND OF THE TECHNOLOGY [ 0003] An alloy nelting
process involves preparing a charge of suitable materials and then nelting
t he char gwo 20hi26@Bt en charge or "nelt" may then be ref PogdSandoesv44 r eat ed
to nodify nelt chem stry, renove undesirable conponents fromthe nelt,

and/ or affect the mcrostructure of articles cast fromthe nelt. Mlting
furnaces are powered either by electricity or by the conbustion of fossil
fuels, and selection of a suitable apparatus is largely influenced by the
relative costs and applicable environnental regulations, as well as by the
identity of the material being prepared. A variety of nelting techniques
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types of electron beam guns are directed into the evacuated melting chamber of an
electron beam melting furnace and impinged on the materials to be melted and/or
maintained in a molten state. The conduction of electrons through the electrically
conductive materials quickly heats them to a temperature in excess of the particular
melting temperature. Given the high energy of the substantially linear electron beams,
which may be, for example, about 100 kW/cm?, linear electron beam guns are very
high temperature heat sources and are readily able to exceed the melting and, in
some cases, the vaporization temperatures of the materials on which the substantially
linear beams impinge. Using magnetic deflection or similar directional means, the

substantially linear electron beams are rastered at high frequency across the target



materials wthin the nelting chanber, allowi ng the beamto be directed
across a wide area and across targets having nmultiple and conpl ex shapes.
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and selective evaporation phenomena described above.

[0008] The electron beam cold hearth melting technique is commonly used in
the processing and recycling of reactive metals and alloys. The feedstock is drip melted
by impinging a substantially linear electron beam on an end of a feedstock bar. The
melted feedstock drips into an end region of a water-cooled copper hearth, forming a
protective skull. As the molten material collects in the hearth, it overflows and falls by
gravity into a withdrawal mold or other casting device. During the molten material's
dwell time within the hearth, substantially linear electron beams are quickly rastered

across the surface of the material, retaining it in a molten form. This also has the



[ 0009] G ven the various benefits of conventional electron beamnelting
techni ques, it would be advantageous to further inprove this technol ogy.
SUMVARY [WO20j1Aes@8di ng to one non-limting aspect of tIRE€TAISe&IOMNI4944

di scl osure, an apparatus for nmelting an electrically conductive netallic
material is described. The apparatus conprises a vacuum chanber, a hearth
di sposed in the vacuum chanber, and at |east one ion plasma el ectron
emtter disposed in or adjacent the vacuum chanber and positioned to direct
a first field of electrons having a first cross-sectional area into the
vacuum chanber. The first field of electrons has sufficient energy to heat
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field of electrons. The second field of electrons emtted by the auxiliary
ion plasma electron emtter is st engMgRY{ 0011] According to anot her
non-limting aspect of the present disclosure, an apparatus for melting an
el ectrical | y [@@Hduct Aveording dp| ore mandinliting RepefbsyrihBeRIesaTMediappalrg: @8

CONpri Seg 3rMAS YHTHRAMEPES o1t EA] [ordLSIRRSARIAIR HiAferlsR Gy WEENATE The
apparatus comprises a vacuum chamber, a hearth disposed in the vacuum chamber,
and at least one ion plasma electron emitter disposed in or adjacent the vacuum
chamber and positioned to direct a first field of electrons having a first cross-sectional
area into the vacuum chamber. The first field of electrons has sufficient energy to heat
the electrically conductive metallic material to its melting temperature. The apparatus
further comprises at least one of a mold and an atomizing apparatus positioned to
receive the electrically conductive metallic material from the hearth, and an auxiliary ion
plasma electron emitter disposed in or adjacent the vacuum chamber and positioned to
direct a second field of electrons having a second cross-sectional area into the vacuum
chamber. The second field of electrons has sufficient energy to at least one of heat
portions of the electrically conductive metallic material to at least its melting
temperature, melt any solid condensate within the electrically conductive metallic
material, and provide heat to regions of a forming ingot. The first cross-sectional area
of the first field of electrons is different than the second cross-sectional area of the
second field of electrons. The second field of electrons emitted by the auxiliary ion
plasma electron emitter is steerable.

[0011]  According to another non-limiting aspect of the present disclosure, an
apparatus for melting an electrically conductive metallic material is described. The

apparatus comprises a vacuum chamber, a hearth disposed in the vacuum chamber,
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and a nelting device configured to nelt the electrically conductive
netallic material. The apparatus further conprises at | east one of a nold
and an atw@i2aimgs@ppar at us positioned to recei ve nolt enPeraskeni0oadly
conductive netallic material fromthe hearth, and an auxiliary ion plasna
el ectron emtter disposed in or adjacent to the vacuum chanber and
positioned to direct a focused electron field having a cross-sectional area
into the vacuum chanber. The focused field of electrons has sufficient
energy to at |east one of nelt portions of the electrically conductive
metallic material, nelt solid condensate within the electrically conductive
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focused electron field including a cross-sectional profile having a first
shape using an auxiliary ion plasma electron emtter, and steering the
focused electron field to inpinge the focused electron field on the
material and nelt or heat at |east oneg .of any solid condensate within the
material, any solidified portions of the material, and regions of a
solidifying ingot. [0016] According to still a further aspect of the
present disclosure, a nethod of generating an electron field to nelt an

el ectrically conductive material within a nmelting furnace is provided. The
met hod conprises providing an anode having a first non-linear shape,
applylng a voItage to the anode and produ0|ng a plasna contalnlng p05|t|ve



further conprises accelerating the positive cations toward the cathode to
generate free secondary electrons, and formng the electron field using the
free secomoany/eb@st rons. The el ectron field has a cros®csastélonadsprofil e
with a third shape. The third shape corresponds to the first non-Ilinear
shape of the anode. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0017] Feat ures and
advant ages of the apparatus and net hods descri bed herein may be better

understood by reference to the acconpanyi ng drawi ngs in which:

[ 0018] Fi gure

1is a schematic illustration in cross-section of an enbodi ment of a
conventional therno-ionic electron beamgun nelting furnace; [0019] Figure 2
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electron field, using a steering system, to melt or heat at least one of the solid
condensate, the solidified portions, and the regions of the solidifying ingot. The first
cross-sectional area of the first electron field is different than the second cross-sectional
area of the second electron field.

[0014] According to a further aspect of the present disclosure, a method of
processing a material is provided. The method comprises introducing a material
comprising at least one of a metal and a metallic alloy into a furnace chamber
maintained at a low pressure relative to atmospheric pressure, and subjecting the
material within the furmace chamber to a melting device configured to heat the material
to a temperature above a melting temperature of the material. The method further
comprises generating a focused electron field using an auxiliary ion plasma electron
emitter, and subjecting at least one of any solid condensate within the material, any
solidified portions of the material, and regions of a solidifying ingot to the focused
electron field, using a steering system, to melt or heat at least one of the solid
condensate, the solidified portions, and the regions of the solidifying ingot.

[0015] According to yet a further aspect of the present disclosure, a method
of processing a material is provided. The method comprises generating a focused
electron field including a cross-sectional profile having a first shape using an auxiliary
ion plasma electron emitter, and steering the focused electron field to impinge the
focused electron field on the material and melt or heat at least one of any solid
condensate within the material, any solidified portions of the material, and regions of a
solidifying ingot.

[0016] According to still a further aspect of the present disclosure, a method of
generating an electron field to melt an electrically conductive material within a melting
furnace is provided. The method comprises providing an anode having a first non-linear
shape, applying a voltage to the anode, and producing a plasma containing positive
cations at the anode. The method further comprises providing a cathode having a
second shape, positioning the cathode relative to the anode, and applying a voltage to
the cathode. The voltage is configured to negatively charge the cathode. The method



[0020] Figure 3 is a schematic illustration in cross-section of one
non-limting enbodi nent of an el ectron beam cold hearth nelting furnace
i ncl udi ngwoubti/@b&sw r e-di scharge ion plasna el ectron erCritsesioasdes di ng to

the present disclosure; [0021]Figure 4 is a schematic illustration of one
non-limting enbodi mnent of a wire-discharge ion plasma electron emtter;
[0022] Figure 5 is a schematic illustration of one non-limting enbodi nent

according to the present disclosure of an el ectron beamnelting furnace
including a wire-di scharge ion plasna electron enmtter as an el ectron
source; [0023]Figure 6 is a perspective view, partly in section, of one
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t hat my e ada te use I'n an el ectron beam nel ti ng urnace accor di ng
to the p?@@éﬁ@fycﬁ'%@f%uﬂ@d fqroim e gjecteonrtield using thg frem sacpadany &ledigns.

oper at i of Dk dchiBn WMdi®hdh SERAE&ekMhal profile with a third shape. The third shape

corresponds to the first non-linear shape of the anode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Features and advantages of the apparatus and methods described

herein may be better understood by reference to the accompanying drawings in which:

[0018] Figure 1 is a schematic illustration in cross-section of an embodiment

of a conventional thermo-ionic electron beam gun melting furnace;

[0019] Figure 2 is a simplified depiction of cenrtain components of an

embodiment of a wire-discharge ion plasma electron emitter;
[0020] Figure 3 is a schematic illustration in cross-section of one non-limiting

embodiment of an electron beam cold hearth melting furnace including multiple wire-

discharge ion plasma electron emitters according to the present disclosure;

[0021] Figure 4 is a schematic illustration of one non-limiting embodiment of a

wire-discharge ion plasma electron emitter;

[0022] Figure 5 is a schematic illustration of one non-limiting embodiment
according to the present disclosure of an electron beam melting furnace including a

wire-discharge ion plasma electron emitter as an electron source;

[0023] Figure 6 is a perspective view, partly in section, of one non-limiting
embodiment of a wire-discharge ion plasma electron emitter that may be adapted for

use in an electron beam melting furnace according to the present disclosure;

[0024] Figure 7 is a diagram illustrating operation of the wire-discharge ion

plasma electron emitter illustrated in Figure 6;

[0025] Figure 8 is a schematic illustration in cross-section of one embodiment

of an electron beam cold hearth melting furnace according to the present disclosure;



pl asma el ectron emtter illustrated in Figure 6; [0025]Figure 8 is a
schematic illustration in cross-section of one enbodi nrent of an el ectron
beam col dwbeartti25¢¥8l t i ng furnace accordi ng to the presemrCTdiSsecosime; WO
2011/ 025648PCT/ US2010/ 044944 [0026] Figure 9 is a schematic illustration in
cross-section of one non-limting enbodi mrent of an el ectron beam col d
hearth nelting furnace including nultiple ion plasma electron emtters and
an auxiliary ion plasnma electron emtter according to the present

di scl osure; [0027]Figure 10 is a schematic illustration in cross-section of
one non-limting enbodi rent of an el ectron beam cold hearth nelting furnace

i ncl udi ng an gyxdjl 1 gty banisPd asiEnalefitdRlioR ™ LiRL-REEEHN 8f Bl hentikgdy esent

di scl osure; ' o
embodiment of an electron beam cold hearth melting furnace including multiple ion

plasma electron emitters and an auxiliary ion plasma electron emitter according to the
present disclosure;

[0027] Figure 10 is a schematic illustration in cross-section of one non-limiting
embodiment of an electron beam cold hearth melting furnace including an auxiliary ion

plasma electron emitter according to the present disclosure;

[0028] Figure 11 is a schematic illustration of one non-limiting embodiment of
a steering system for an auxiliary ion plasma electron emitter according to the present
disclosure;

[0029] Figure 12 is a schematic illustration from a top perspective of one non-
limiting embodiment of a steering system for an auxiliary ion plasma electron emitter
according to the present disclosure;

[0030] Figure 13 is a schematic illustration from a top view of one non-limiting
embodiment of an auxiliary ion plasma electron emitter according to the present
disclosure;

[0031] Figure 14 is another schematic illustration from a top view of one non-
fimiting embodiment of an auxiliary ion plasma electron emitter according to the

present disclosure; and

[0032] Figure 15 is still another schematic illustration from a top view of one
non-limiting embodiment of an auxiliary ion plasma electron emitter according to the

present disclosure.

[0033] The reader will appreciate the foregoing details, as well as others,
upon considering the following detailed description of certain non-limiting embodiments
of apparatuses and methods according to the present disclosure. The reader also may
comprehend certain of such additional details upon carrying out or using the

apparatuses and methods described herein.



[0028] Figure 11 is a schematic illustration of one non-limting enbodi nent
of a steering systemfor an auxiliary ion plasma electron emtter according
to the prweenti/dsesl osure; [0029] Figure 12 is a schenat PCTiUShusoustis on from
a top perspective of one non- limting enbodi nent of a steering system for
an auxiliary ion plasma electron emtter according to the present

di scl osure; [0030]Figure 13 is a schematic illustration froma top view of
one non-limting enbodi nent of an auxiliary ion plasm electron emtter
according to the present disclosure; [0031]Figure 14 is another schematic
illustration froma top view of one non- limting enbodi nent of an

auxiliary i opeRlx %%@D@%ﬁmrbﬁf@# ERRTAGQNENAITONEEEVBOSSRIENTE scl osur e;

and [0032]Figure 15 is still another schematic illustration froma top view
of one [0034] In the present description of non-limiting embodiments, other than in

the operating examples or where otherwise indicated, all numbers expressing quantities
or characteristics of ingredients and products, processing conditions, and the like are to
be understood as being modified in all instances by the term “about”. Accordingly,
unless indicated to the contrary, any numerical parameters set forth in the following
description are approximations that may vary depending upon the desired propetrties
one seeks to obtain in the apparatus and methods according to the present disclosure.
At the very least, and not as an attempt to limit the application of the doctrine of
equivalents to the scope of the claims, each numerical parameter should at least be
construed in light of the number of reported significant digits and by applying ordinary

rounding techniques.

[0035] Any patent, publication, or other disclosure material, in whole or in part,
that is said to be incorporated by reference herein is incorporated herein only to the
extent that the incorporated material does not conflict with existing definitions,
statements, or other disclosure material set forth in this disclosure. As such, and to the
extent necessary, the disclosure as set forth herein supersedes any conflicting material
incorporated herein by reference. Any material, or portion thereof, that is said to be
incorporated by reference herein, but which conflicts with existing definitions,
statements, or other disclosure material set forth herein is only incorporated to the

extent that no conflict arises between that incorporated material and the existing

disclosure material,

[0036] The present disclosure, in par, is directed to an improved design for
an electron beam furnace for melting metals and metallic alloys and/or for maintaining
the materials in a molten state for use in preparing metallic castings or powders. A
conventional thermo-ionic electron beam gun melting furnace is schematically
illustrated in Figure 1. Furnace 110 includes vacuum chamber 114 surrounded by
chamber wall 115. Multiple thermo-ionic electron beam guns 116 are positioned
outside and adjacent chamber 114 and direct discrete linear electron beams 118 into

chamber 114. Feed material in the forms of metallic bar 120 and alloying powder 122
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non-limting enbodi ment of an auxiliary ion plasma electron emtter
according to the present disclosure. [0033] The reader will appreciate the

f or egoi ngwaebnid2se48as wel | as ot hers, upon consi dering wPrhe/usedloowiong

detail ed description of certain non-limting enbodi nrents of apparatuses and
met hods according to the present disclosure. The reader also may conprehend
certain of such additional details upon carrying out or using the

appar atuses and net hods descri bed herein. DETAI LED DESCRI PTI ON OF CERTAI N
NON- LI M TI NG EMBODI MENTS [0034]In the present description of non-limting
enbodi ments, other than in the operating exanples or where otherw se
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[0037] With further reference to Figure 1, the molten alloy 124 deposited in
hearth 126 is maintained in a molten state by rastering certain of the substantially
linear electron beams 118 across the surface of the molten alloy 124 in a
predetermined and programmed pattern. Powdered or granulated alloying materials
122 introduced into the molten alloy 124 by feeder 117 are incorporated into the
molten material. Molten alloy 124 advances across the hearth 126 and drops from the
hearth by gravity into a copper withdrawal mold 130. Withdrawal mold 130 includes a
translatable base 134 so as to accommodate the length of the growing ingot 132.
Molten alloy 124 initially collects in withdrawal mold 130 as molten pool 131, and
progressively solidifies into ingot 132. Impingement of electrons onto molten pool 131
by means of rastering one or more of the substantially linear electron beams 118
across the pool’s surface advantageously maintains regions of the pool 131,

particularly at the pool edges, in a molten state.
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[ 0036] The present disclosure, in part, is directed to an inproved design
for an el ectron beamfurnace for nelting netals and netallic alloys and/or
for mai ntwOnong2sé8 materials in a nolten state for usePCH/USR@EpARIING
metallic castings or powders. A conventional therno-ionic electron beam gun
melting furnace is schematically illustrated in Figure 1. Furnace 110

i ncl udes vacuum chanber 114 surrounded by chanmber wall 115. Miltiple

t herno-ionic el ectron beam guns 116 are positioned outside and adj acent
chanber 114 and direct discrete |inear electron beans 118 into chanber 114.
Feed material in the forns of netallic bar 120 and all oyi ng powder 122 are

I ntroduced | r[b@3§]haquﬁm]a:l:@sWiliﬁn?%&e&t heRAkuBRLN i £ IRkl LRABA Bhams
p I g eeder I The |

conventional ‘particle or granule 117, respectively. The |inear
el ect r ontobeahMateriafin dne fnagshehameert soeh BeanIAStIATES thetpiongels |lecteaid

nelts a ; |, &:d 124 i
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116 focus the generated electrons to a poir ectrons are
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of rastering electrons across the phosphor screen a cathode ray
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gravity dhahostgy.copper withdrawal nold 130. Wthdrawal nold 130 includes a

transl atabl e base 134 so as to acconmpdate the | ength of the grow ng ingot
132. Molten #d3n; 12xithduttintahdibig e@beasdundigy syt patiswal tHealg thetnwamtsrel t en
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advant ageously mai ntains regions of the pool 131, ‘parti cul ar%% at the pool
edges, ithe anasriaisnpgicaseed WADIR Glectons BaBPARMISEe10/A0439uestT028pYe in

fur naces, HhLLicH i 98 REHRIR SUBSLANYT BbiventibhfalicBlEEbsan L5aMBarth

melting technology utilizes substantially linear electron beams to both melt the raw
materials introduced into the furnace and to maintain the temperature of the molten
material as it flows along and over the cold hearth, and into the casting mold. Such
furnaces typically include multiple electron beam sources, wherein each source
produces a substantially linear electron beam that is essentially a point source. These
“points” of intense electron concentration must be rastered rapidly over the areas to be
heated so that the average temperature needed to melt the material and allow the
molten material to adequately flow is reached throughout the target area. Because of

the point source nature of the linear electron beams, however, the spot at which the
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to heat material in the furnace chanber, such as a conventi onal
t herno-ionic el ectron beam gun nelting furnace, alloys including volatile
el enent s,wp.2e11/028448nments with rel atively high vapor pre®suus2@n/osd4ves f ur nace
melting tenperatures, tend to boil off fromthe nolten pool and condense on
the relatively cold walls of the furnace chanber. (Common alloying el enents
havi ng rel atively high vapor pressures at tenperatures conmonly achi eved by
el ectron beamnelting include, for exanple, alum numand chromium) The
substantially linear electron beamnelting technique is particularly
conduci ve to volatilization, which is a significant disadvantage of
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cat hode. The el ectron beam produced by an ion plasma electron emtter is
not a linear beam but instead is a three-dinensional field or "flood" of
el ectrons that, when inpinged on the-target, covers a two-di nensi onal
region that is very large relative to the snmall point covered by inpinging
a substantially linear electron beamonto the target. As such, the el ectron
field produced by ion the plasma electron emtters is referred to herein as
a "wide-area" electron field, with reference to the relatively rmuch snaller
poi nt of contact produced by conventional electron guns used in electron
beam rreltl ng furnaces Wre d| scharge |on pI asna eI ectron emtters are
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[0041] Wre-discharge ion plasma electron emtters are available in a
variety of designs, but all such emtters share certain fundanental design
attri but e80 2Ba05@&8Cch emitter includes a plasna or ioni PATIUSR0108¢i%N
including a positive ion source in the formof an elongate wire anode to
produce plasma including cations, and a cathode that is spaced from and
positioned to intercept positive ions generated by the wire. A large
negative voltage is applied to the cathode, causing a fraction of the
positive ions in the plasm generated by the wire positive ion source to be
accel erated toward and to collide with the cathode surface such that
secondar oSGt IR Bf S fqetr; edwnf’orguéc%n@aéh@e o LMRHSR 7R YSoRbRRAS ONS
bei ng present Wik he asma a lF'1 ositive ions).
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chanber | ti.ng ¢ r).a a i S he vacu r and
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to heat the electrically conductive nmetallic material to jts nelting

t enper atff RIOPAIYBPHIBNIGNHATAGHG hg \GFioas 6ATEPRRNAS) fNeewire dtﬁ°§BE9§e‘8“| n
communi lﬁﬁaﬁén‘?&‘ eWctB te‘?x%%tﬁhaﬁﬁ%re g of BnBRetit 's@@&%a@?@lé&%ﬁ& ednie foRheHVe

mat eri a romthe hear furnace nay be used mat eri al that
may be rtlthedaisdagnd ansalesated drean tha @mﬂftec;rar@e@wandamei t@ggeftur iglee, 2 §udh as,

for exanpl, hf\eltd' W&tﬂm of E&%pbr‘s’é’ﬂté‘ldf%}'%retd@&%trfﬁ’ple&'wﬁab? M1k A00 Hrifer,

pl atinum M- zircon rrirdium ni ase al'l'oys, 'iron,
iron bas'maénhwsurrerubalapphamd: g dhial wirdbasedeall 2 oy geng @A BlaBmaoth . mPesidivef an

el ectr O?onbseal%] m?lntnl B ur q?lcgcge gr%(edltg\gartdo aF\Q collide with negatively-charged
cathode 18, liberating wide-area secondary electron cloud 20, which is accelerated in
the direction of anode 12 by action of the electric field between the electrodes and

toward the target.

[0042] According to one non-limiting embodiment according to the present
disclosure, an apparatus for melting an electrically conductive metallic material in the
form of an electron beam melting furnace includes a vacuum chamber (melting

chamber) and a hearth disposed in the vacuum chamber and adapted to hold a molten
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present disclosure may include one or nore material feeders adapted to

i ntroduce electrically conductive nmaterials or other alloying additives

i nto the wacoumz2sdsanber. Preferably, the feeders introdece/ushe@omsoesi al s
into the vacuum chanber in a position over or above at |east a region of
the hearth so that gravity will allow the materials, in solid or nolten
form to fall dowward and into the hearth. Feeder types may include, for
exanpl e, bar feeders and wire feeders, and the feeder type selected wll
depend upon the particular design requirenents for the furnace. In certain
enbodi ments of the furnace according to the present disclosure, the

materi al pLeeder Andadlods bR tdRCpIRBRaCkIcBRIE Wit -idi ishReaeini &N

pl asma eTefca:et'rOn emg?te?s g/? t he ?E{enace?aread(%gposeg slo tlhat_thee ellqectron
field emdiacsht bythehacuimechdmbenangdés peatigneddenglirester perohineati viderarge fipldast
partial | % 4 omi hal i [ i r;

f eeder. C??fét%?ﬁ%g%grg?%%é"ts %g?et ?’g‘ttl%lrr]{r{r@ uége intrbq:h%e‘k'\%gﬁg%%é%’gé?%ﬁ? t he
f eeder igediacemitieabtoducenduwnilipear ti¢ldof elsstrenebayios seifieieqt engrgpto heat
suffi ci i : : j 44]

ncor por ot S B e R o B e A SOkt oy et
di scl osurastingyor bomlineg: dewce ripmispesed dn | comynidieation wifpdbe lahemtber mndhe art .
FOr examafionbdn ARG BRUcAlo WbLAR (ARt et A rifd REALQ ImBG Y Gl
heart h I'ng furnac y incorporating a col earth or, nore

Sﬁefnig fi dag%yl} ahi)rmateydalnﬁalabmaa lvvana”{agdwlir@da cﬁ_@p}m@fﬂio@él dlensan tigammeli®gvacuum
chanber . S 0 rdi nar i : J es
cool i ng fHeaﬁé’ 8%%5%%’9{0%&? gwﬁ?eﬁg{taerﬁ%z al ﬂ%r]{%n? ri%“{)%sé tﬁ%(‘gér?%ﬂ 'tlagglp E’Qéé@%‘}éﬁt he
heart h suatirewce atiddifioy mreonierot iBdiviny enidkal enickehleassoalloyAsiram dtohdrasexalnps.e, t he

hearth e ; " hearth, which is a hearth that is plated with
or fabr@éﬁg’f@%onq%ﬁtﬁggggﬁ%‘that is being nelted in the furnace, in which

case the bot iGNl i AhehlaooaREldBh SR ndi Rl 0L Sk QoDEY e

bur n-t hr ough. 45] The particular hearth 1 nclu In e vacuum chanber
may i nclpdsera disdiosme magerincildehohdi argmpegineerial rfeeddrs hadaptedndd tirtrodveeer i al

evi oo 10179 oA EdPelblseS, ARt AR RIS R FRURR sBhnEReS o1 "

f ur nace rrekoalsly NPeticeddre imraieatthdinsatidsiirgo thdeatiean ichambdr at alpeasibnone of

the f ' i.re-djsch ' I el ' .
0 Sposedibor AP % ALIoBT LT Pl LR el aby s il POt e ARG TOR

pl asma &logd lof ibiRAI gl todhil UeRBivaRPald Rhd Yhd REHMEBedbritfigos bl ik, er i al
hol ding region. In this way, the electron field pa to mai,ntain

the nat pf axarpplenbar fesgerrort@ Wirgeeere sl aRdItR ﬁ%eqeééw%ﬁsgggf'&hree@i't@@ﬁeg? ate,
?QSi Lget gﬂ%??gﬁﬁ%fg?igg? thQiiRhRetd R thd RirfadBYIndepins&h¥Edifnentiesane and
furnace according to the piesent disclosure, the material feeder and at least one of the
one or more wire-discharge ion plasma electron emitters of the furnace are disposed so
that the electron field emitted by the wire-discharge ion plasma electron emitter at least
partially impinges on the material introduced into the chamber by the feeder. If the
material that is introduced into the vacuum chamber by the feeder is electrically
conductive, then the electron field, if of sufficient strength, will heat and melt the

rmaterial.

[0044] The hearth incorporated in embodiments of a melting furnace
according to the present disclosure may be selected from the various hearth types
known in the art. For example, the furnace may be in the nature of an electron beam

cold hearth melting furnace by incorporating a cold hearth or, more specifically, for
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[ 0046] Certain non-limting enbodi nents of a furnace according to the
present disclosure include a nold for casting the nolten material. The nold
may be arwo=witiebd4e nol d known in the art such as, for exargsk@p/oas9ss atic
nold, a withdrawal nold, or a continuous casting nold. Alternatively, the
furnace may include or be associated with an atom zation apparatus for
produci ng, for exanple, a powdered material fromthe nolten material.

[ 0047] One particular non-limting enbodi nent of an el ectron beam nelting
furnace according to the present disclosure includes a vacuum chanber and a
hearth di sposed in the vacuum chanber, wherein the hearth includes a nolten

mat eri ale ARl N aRA1BBIod O EEH EBRGRAH hNRE VaBEUHISRNMRE Ofs BBRWn to

wi re-di scharge 1on plasma electron emtters disposed in or adjacent the
vacuum dhesebef ordimasy Iskdlr ercchdenne ingludasacrolipgenediecaisithaofeniBMeplasm
el ectron,em [Hote A8 #&?8%&%@%4&%%@6%%8?%%9 phbiebileREduRg@oRy Ashe
emtter at least partially 1npinges on the nolten material” hol di ng region.
A wi t hdranathier rxapisorthe headlh ezawbe Bnt Aetogereisimherdbwhichngl aj keasdsthel tned

W0 2011/ 0230 SRR hiRe I 088904 o) HEFR! DI RbhE i TRE flihabe [ fidrTasBear L h.

A | east ‘one fee I's 1ncl Int rnace and 1s adapted to introduce
mat er i althé hotombserfaee alite diearntb @fso maybe waiteriapelashteroreent bagtthsoyakgi on of
t he hearth. [[0048] Any suitable wre-discharge ion plasma el ectron emtter
may be used [@045dnnddei mﬂlwl@mh%bemawdgdatg‘m ¥aGHym eharpeepnay dpglude a

di scl osyp&erinb@MaPholding region, in which the molten material resides for a certain dwell
time before passing to the casting or atomizing device fluidly connected to the vacuum
chamber. In certain embodiments of a furnace according to the present disclosure, the
hearth and at least one of the furnace’s one or more wire-discharge ion plasma electron
emitters are disposed so that the electron field emitted by the wire-discharge ion plasma
electron emitter at least partially impinges on the molten material holding region. In this
way, the electron field may be applied to maintain the material within the molten
material holding region in a molten state, and the heating action of the electron field

may also serve to degas and refine the molten material.

[0046] Certain non-limiting embodiments of a furnace according to the present
disclosure include a mold for casting the molten material. The mold may be any
suitable mold known in the art such as, for example, a static mold, a withdrawal mold, or
a continuous casting mold. Alternatively, the furnace may include or be associated with
an atomization apparatus for producing, for example, a powdered material from the

molten material.

[0047] One particular non-limiting embodiment of an electron beam melting
furnace according to the present disclosure includes a vacuum chamber and a hearth
disposed in the vacuum chamber, wherein the hearth includes a molten material holding
region. The furnace further includes one or more wire-discharge ion plasma electron
emitters disposed in or adjacent the vacuum chamber. The hearth and the at least one
wire-discharge ion plasma electron emitter are disposed so that an electron field
produced by the emitter at least partially impinges on the molten material holding

region. A withdrawal mold communicates with the vacuum chamber and is positioned
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enbodi ments of wi re-discharge ion plasnma electron emtters are disclosed
in, for exanple, U S. Patent Nos. 4,025,818; 4,642,522; 4,694, 222,

4, 755, 722v02nd/256486, 844, the entire di scl osures of whi ehTarseoloousby

i ncorporated herein by reference. Suitable emtters include those capable
of producing a non-linear, w de-area electron field that may be directed
into the vacuum chanber of the furnace and that will heat electrically
conductive feed nmaterials placed into the furnace chanber to the desired
tenperature. [0049]1n one enbodi nent of a wi re-di scharge ion plasna

el ectron emtter, the emtter includes a plasma region and a cat hode
region. BBl @nBheh GO HlaRah. | LRI ANFrBLONG MR § HRDRIRa@daDt ed
to produce plasma I'ncluding positive ions. e cat hode region includes a
cat hode autl istadiaptesl tedntradsiak Inyate dad iredotterl vaaiuan pihvaJhbeidh caps!tisovaver stilsphly
adapt ed %ng | harge the cathode. In the wire-discharge ion plasm
electroﬁ£83'ttgﬁ¢gﬁﬁéng1ectrode used to produce the plasma may be one wire
or nultiple w posit i ] i | east
a portion ofw?ﬁgﬁca?ﬁ{dggﬁﬁgagbggﬂﬁﬁékﬁgg%gg?%?%gﬁ?gégéﬁgﬂégﬂ%ggghﬁ%P a
mat er i alinsgpoagitienf ovithgeappatis gaedasding ot . theemresant ndisclopwiet | ngpuitable
enbodi MO, 56 A Hl‘eopﬁ\t/ina@&l@cﬁjdrﬁgqaﬁ%lh%gr@e&%rr%%térgg%ﬂ%nggf:iotsgs iRt er

al so may 1 nclude an insert, stch as, for exanple, a nolybdenum i nsert,

havi ng eeXainghemd) 6. nfatemtplioat 14822888 4,642 682 k 4 86E20N 4505%822;0 and

fact |1 3% e80! 4 OByl 8l8RbrAAS of ThRAALNOTRAN KOGRBARNE RS by

positionéd relative to one another so 't fons int
gener at gdfdigneeheSuitatde amitbes ctelk dnegeccaranker of modudingpd nge-lingan Wdecatehode

under i C T ' e t var 4 i ng
the w ae e B TRIElng B akAs U, AEROREhaI o B ARRES o BB 8K 1D
non- | i mheahgelestticadiy nemtdsciife fdeel wiateriald sidradgietd dme plasoa ablaetterdn i tt er
i ncl ude at. uitably electron transm ssive wi ndow, such as a thin
el ect ronoaets'rr%%;%?n%ps%?@’ég‘ti taniumor alumnumfoil, that opens through a wall

of the VIO 2040/ 2SG4RRCTL LRI ONP 40944 L UERAGE UBRUM AN ARGy Ahfefnati ve

materials fr ich't ron fransm ss e constructed
i ncl ude,thé emittecamplidegs Blasohaaryind andredcatiesdeaiegiont hidre gtadrea iregisn ceiypiesed of

| ow at om, ¢_nunber el enent.s. di her ei n,, ot her odi nents of the

i r el Sied oA RAE AR GREURARD APSUEnppSh dholERE PRl o

t ransm Seveatidded@gion inclubié<h catdee tWrichplks asettridagigiconnarfted fea @ight ¥adtagé | ui dl y
comuni cates with the vacuum chanber hol &%n bh r’rqltﬁn material. In either
case. t ROWEF RUPRNeATRAIEE 0 GIFIRINGN ChaeV e CHIERS tIRANF HIECRHERLER and
may be igiaymoerkchon thfttdrater diddtrotet kted th RRoditanhgplashia @Ay Peesid Rite or
transm ssive w ndow does separate the interior of the electron emtter from

t he vacmmﬁi@ﬁéfﬁ{?érpc{sﬁ@nﬁﬂ %@_sfélfnﬂm PH@P RS Fgg,ior}. héh'egaka @PE&”r‘_Efnth?i eld
passes 1hfaNm Qaewbg%vp%mé ioh$ af&%ﬁ&ée%%ff%ﬁa%}érmﬁs@{a% IR GeRBhalihg! | Nt O
the vacuum chanber. In certain non-limting enbodi nents of a wre-diScharge
i on pl asaxtiohectCetrirmontlienting ambhiigreniobt dgecaiboge dspppey inetheccathede | y
coupl ed a owers . catk € i ol t er
Chan 20,0061 JEHTESARRE ARUTET ANGuT B JRE, bOuT PR lstpleD a AgpodEr
accel er aideng Hahiagpo igh meltingniemiperdtine hdiantewt wadr dnttien satdsowefaailithte hen
repelling the secondary el s‘ectro field from téle cat hode and towa{d t he
anode generation of electrons. The cathode and the anode are positioned relative 1o one
another so that the positive ions in the plasma generated by the wire anode accelerate
toward and impinge on the cathode under influence of the electric field between the

electrodes, liberating the wide-area field of secondary electrons from the cathode.

[0050] Certain non-limiting embodiments of the wire-discharge ion plasma
electron emitter include at least one suitably electron transmissive window, such as a

thin electron transmissive titanium or aluminum foil, that opens through a wall of the

-16 -



[ 0051] An el ectron transm ssive window is necessary if the pressure wthin
the wre-discharge ion plasm electron emtter differs significantly from

t he presswpeow®bisa t he furnace chanber, in which case wPrhe/Usedlo/owiondow
serves to isolate the two adjacent regions of differing pressure. An

advant age of wi re-di scharge ion plasnma electron emtters relative to
non-gas containing electron emtters, such as therno-ionic electron beam
guns, is that wire-discharge ion plasma electron emtters nust include gas
within the plasnma region to serve as the plasma source. Although

Wi re-di scharge ion plasma electron emtters can operate at very | ow gas

Pr €SSUr ey SICIL AGH] CRsnEeS OAE@rﬂaﬂ%eFrﬁ?&ia%f femthieh Xh(?teléc‘?rjo?ttt'ré/r?slﬁsg.ﬁ'/@ h gas
pressures. In contrast, conventional electron beam nelti1ng Turnaces

comonl ywisdewatmayabpe onstaudtedy incledrinfoe crxdimpleonBNN, alfeindnd, tarat cedsie ather

el ectr O”mtaIéIé%”kéﬁmpégeaN!o@qBIg’. XBIII.@' n%ﬂ)d?e?ceﬁ%ﬁéﬁﬁé. LQS ?E@&@ste%. Ha‘r%n%a& er

at nosphere wthin e Wre-discharge 1on plasna el ectron emtter 'and 't he
near vace&mhedmentonfrene wiie-dispharbe iborpiagea ceattzer emlitteragpeart sinclhdevearer

t hat vol at] . eva t|o it hi e . ch r e reduced
by incr e%%{:tlrrfg1 t?r hggﬁégtssw%r\@ggé‘rﬁ’e‘nw% I?ls"n&ts%eﬁqg Qléﬁggég'gﬁaﬁbn@rg %'g?}‘oﬁ? uid?Ye

ul t r a- | owerheveicstesfwithotheeyrduomathdmipararolding énenmdlteni roatenat t kv dittelr easeon

i Chi -t e Pl BIeEFRG o IPRCUAOR SO I ARbSRE IR U AT G ) (2

Pa) . | ncoretisi mgtepirbwithingheichhinhet. h dnuelactom threambesivd eyt doew eeppdratzal

| evel s, | ,.€.p.r 7 e i .3 Pa aor, nor.e preferably
exceedi ntseﬁagr'épfﬁdﬁ%})%&i Hcé@gt%gsf%gg%&gé@lﬁemﬁ%m qeﬁe(a%?'?%@séegf uﬁfﬁ ]
mol t en retreinj,ahemithédierectrbe field pasesahoughehelwind®dueses is pojated frog fher ce

for undes] I ori zation. For, exanpl e, data presented in H val et
al., " Th%%étgcfl?‘l %@ﬁ%gﬁ'goéﬁ(p%e%c%% %qani&)r?o@c%e n Pﬁ@"ﬁ%tfr}% F'I“#DQQW%I% Pﬁ 4yacuum
Met al | urwgye-disshaygesors pldsata tleetren iesnitters trignhighcamhge eduet isdpplyneledtricanyum

vapor transport .at 66.7 Pa (500 nilorr rgon relatiye to 4,27 Pa mrorr)
ar gon. I§é’@8[%get°\&ﬁ?é@g]°9&9aor &S |eag?gbo%j%ﬁo Rl gtet%rreéteéltp%%ab%%gqui re
a parti aloltgaghpregatveveatagersensithe flyRibagbl dcsfierighd the) pdskivegoPRY @kl onal
the present inventors consider it possible that both the wire-djscharge
pl asnma iR#RR ¥ gnthentathete apd ”E‘?fgr?ﬂﬁ"ﬁ‘&c’é‘ecﬁ‘%‘?ﬁgi“Wc‘?)ﬁ?‘éorb@e'@pfé?’ﬁtt@a at

subst antga@ldd¢ dri@owarEethpraesger e, wherein the pressure is sufficiently high
to allow the electron emtter to operate and also is higher than in

conventi onal [gd5agt r A HEAFN tHHEAGSSve WIRABRDY nE&AIGhNBHaNsesdralitBin the
volatilization within the furnace chanber. In such’'case, the electron

t ransmi $¥iv@sdhaigvwRiisha eRtioneamige Aifferfasioniiearibisramiiie siRssute Withini n t he
emtter tﬁé‘%rhﬁ@e b Me&Ge ]IrP@/ﬁIEJﬂecrasbﬁhé s AAbh A drved I&eis&?{@%he%eé&]?t%én\{el Y,

i n anot her enbodi ment of a wre-discharge 1on plasma electron emtter the
el ect r onegdigehef atiftatingyprelseurenm Aneadysataget hir sirgHdischgegs iatpelaserbkeEctomdow

that is _tr nt , t I : rel . ressure, of ionizapl as

i thi - CHUCERTERER 14 RofBe bR SRR st Bt SRR duPirr S ERE Pl

furnace beh;mj;wlrs, issthepw'ga{dmpatgeaoprpmagr @qur@ﬁém‘gtletm?mst'(DI_IGIL@IBftg'aQnﬁilhin
ressures in electron beamfurnaces and is suitable for mnimzing or

Feduci nd'URASSFEEPR (0 SFaRI 99 PatreNTa PEURR ATpRlGh P Lisaranian Rfena

reduct i @Rectron Whslesiscahlgperlte BEDE oW Jpeprddl«N susHIbEViess ABS cah aprdy both

utilizi ng@one or nore wire-discharge ion plasma electron emtters, which do

not cr e&H&CYSInRL redativelyt Bigl edaseBiSSRgesal BngPrliash FanveRicnat gigehen tRestsur es

greater i i i Ces.
3011/ 028 IS Y P IsEa RS R PR HERARER prdflinal pase an

enbodi melecyoonftransnigsist mrtove sputie bei mepebsarmdoesanadatpobei Pise atbmbrpdierent s of
a wre-d;j > | I [ iLter | _Ln connection with a
o e SEIRG ' PP AP IR EL 64 OBATL MG AR bob b BT B oAt

[ 0053] Fimthinethe Sehemeathaatbdry It dppetratiesvense thaissolblile ¢lomehi Bi&pargtion

within the furnace chamber may be reduced by increasing the gas pressure within the
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enbodi mrent of an inproved el ectron beam nelting furnace according to the
present disclosure. Furnace 210 includes vacuum chanber 214 at | east

parti al | ywoebimesessy chanber wall 215. Wre-di scharge i eaTaiSasmom4ehect r on
emtters 216 are positioned outside and adjacent chanber 214. The

Wi re-di scharge ion plasma electron emtters 216 project w de-area el ectron
fields 218 into the interior of the chanber 214. Simlar to the
conventional furnace 110 shown in Figure 1, alloy-bar 220 is introduced
into chanber 214 by a bar feeder 219. Mdlten alloy 226 is produced by

i npi ngi ng the wide- area el ectron field 218 of at Ieast one vvire di schar ge
ion pl as/m eleech ent;l tter lg,nto b r !220 The t‘en gﬁ(\ r226-' nel ted
from bar “Y3%rF 5’%\%‘? Cld F’e%lwcgfﬁ?)gro §8PY€H” 'Qﬁﬁ éﬂ%a“ PERYEENt in
t he hear edmt@2)4efe0trora tmem mesinrmb/velurhad:esrre Thdeer@mvenumah@aémreadmmesech and

e 1 or <BER 1 TRF e b ) e85 Fnabet brbrapeSrelatsrest (B3 o

copper ninkea2d@ predsdrer withia thelfhmcpo@anﬂ&l béybht!ecmnpemion%Bleﬂeha iratel y and

progressi vel SO|IdIers to form.ingot ast of the
oo ar chreSrdied rtrobf nd B g e paforeneieblcefiriod 07a) Ue tn poo
231 in anoeases teglpessisageatithd eudaset odtHe noltehenatetialdfinia ahe dnrrraaeearmf t he

form ng t 232, 054 scussed abov the wire-discharge io | asma
el ectr ont'hg tréﬁdélce;z%%e 6’][”\”P§r {‘Pa%ee %’16”@?5@6'851’@9%85?%‘ gerfér ?ﬁag” B@{Oad or
"fl ood" pjrfas@’ﬁedigat gt Suat re?na: COVBécbrggcea mn@leEam@af&z%érﬂél?wppeoatcabtdﬂethepot
coverag subst ant i i near beam y .el ectron beam guns
foed v SRATe AT R ek g T 9 Ra Dot RS o7 ALt BOCH T PUVGRTY Hlor <
216 spr eﬁdoralmt/a;ﬁmstremsﬁbrtat \@ecvepar(e@o AT ) BRdSHORIAQNetth el mper(eelnsmrg be
mel ted and/ or %gtantal ne ﬁ e wthin the furnace 210

Because &'H2Mel P%%Wfrﬁeqlﬁﬁafgeppfég@@égnﬁqutroe(ﬁfglfte§ Hapsy geadreee hattieh he

furnace g&é\ﬂb%ure@nwmﬁﬁndﬂ\tsﬁ?b@damﬁdf@@htﬂh)aﬁﬁl?e epetitibea, Bl preséntihldntomi nt ai n
a nore even tenperature within the electron beamnelting furnace rel ative

to a corfPERIGEHHAOSS Ml@%%%@ﬁ'%ﬁ%?’@ﬁ@@&@”eﬂ'%f%ﬁmﬁ@arﬁ”ﬂutlhﬁace

and al sgyghagpemafbenicolidt be dperded at rs@ﬁétgﬁtléﬂyhhgma}‘né ??éé‘é@ﬁe e the
el ectrons. Neverthel ess, certain enbodi ments’ of ectron beam furnace

accor di RiesTe iesyifieisatht highdeldewrthe risctioncerider écoﬁa@m@wed Gsoeip dtighey

el ectrighis g %v@ﬁtn&ﬁh@fecﬁb‘r'} bakh8uFQERONRLLEy }éﬂtﬁ‘n%%ndegﬁaglfz &bLtiMation

el ectrons generated by t one or nore wire-discharge 1on plasnma el ectron
em tt er yvithi Hhesfureare mﬂmfee«arﬂpl Bichi grsputheaelect?ar transmisgivb evideew mady bet o
raster t n t.ron
e t ¢ er STREH Sch U fi RGUERE IR R S TG S WLV SR 5
heart h 228staBijallyl tbedsiamge aAﬂterrmmwlel n amdieeraereaodmteht af hi wireldsthamgeriget i c

el ectronzal ratr ;{ aibeer, ﬁ BOI nt S Ge Iectro S a ross the
ren. RS EEReh FRneATe Hefo i BepRatt bl 15 Smifticiassol o ook
associ aﬁrﬁdel\méahblé whelanthaais tiarspaRAt teblestidr) Meaém thdplesogreUsfSonbeie usi ng
conventi onal '?‘ct ron beamnel ti nq?f urnaces is significant I%ﬂeeduced Thi s

el i mi nat988 ‘Wth‘ €| SIYUET ISiSYHRAR'P A RIS INeRITEIBE ORGTalI XX PRt NG [y MATE AR armbekt i vel y
vol atil g QJp'e%fé@gateheﬁi%@&&eUQ%%%rr fahY c6MBPAS I CpleQEurbbeinT BREASN Lhtadm POI Nt S
of relatively extrenel gh tenperature are not produced. This, in turn,
parti al rftyne@esmraﬁ fsysuils éleafpééﬂ”f“ﬁéz"@%ﬁb@%it{clf@nlaldeétﬁﬁlﬁlﬁmdaéﬂh%ﬁf@ﬁnt'am”hlaft| on
probl e

F0055] AL oo ghal e i 1F DhciRbier EREb AN Aol 068 deE5Bized

el ect r oty doiht u@tzmgg@‘memattnbge iNme4dm¢eaugneompla$DTeeeled:tngamete\m rvehigin dd et

pr oduci 0Si t 1on wherei.n. .t he IS

bat hode g BRI T MR SRR LAEL A Er e TRy Srst oy A BER e at e
t o i npi pgevedtionaltiaeetron baamifarmtadoede heated. A schenatic representati on of
one known design of a wire-discharge ion plasma electron emtter,
previously used in other, unrelated, applications, is shown in Figure 4.
This emtter 310 includes an ionization or plasnma region 314 in which a
positive ion plasma is produced, and a cathode region 316 that includes
cat hode 318. The plasma region 314 is filled with an ionizable gas at | ow
pressure, and the gas is ionized in the plasnma region to produce the
cation-containing plasma. For exanpl ejgthe ionization region 314 may be
filled with heliumgas at, for exanple approximately 20 mflorr. A snal

di aneter elongate wire anode 319 passes through a length of the plasm
region 314. A positive voltage is applied to wire anode 319 by power supply
322, and this initiates ionization of the heliumgas into a plasm
conprising helium



WO 2011/ 025648PCT/ US2010/ 044944 cations and free electrons (the "primry"
el ectrons). Once ionization of the heliumgas is initiated, the plasm is
sust ai nedwbyorappkessng a voltage to the thin wire anode 3CI/USPasiosinel y
charged heliumions within the plasma are extracted fromthe ionization
chanmber 314 through an extraction grid 326 maintai ned at a high negative
el ectrical potential and accelerated through a high voltage gap into the
cat hode regi on 316, where the cations in the plasna inpact high negative
vol t age cat hode 318. Cat hode 318 may be, for exanple, a coated or uncoated
metal or alloy. Inpingenent of heliumions on cathode 318 rel eases
secondary el S gr C 3 i at es
t he secondar ?ﬁngEt r%%@@lrn&%ags@fo&g)? OEQ'%Ieh 9,{5 %ﬂh&ﬂgl rec éggtrﬁ?novgnent
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mat eri al %it egq%\?wﬁﬂtérogﬁgggﬁeﬁltnﬁ[Ho?urﬂg Ch&d mengpéagggég sgg%pengl ng on
the rel apnoveiegebelq@v essures within the el ect ron em tter and the furnace
chanmber, it may be possible to omt the foil w ndow 329, in which case the
el ectrons prd8083d byiguiee &ni sahemativallyd divstratelsheoriaur mseibtahanbeﬂinﬂﬁirrgem ly.
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om ttedcf'lefa ecﬂé}l raé“ddf? NEF c8Le e IRiEncl the Wideairpad elemtranniieldsizt ﬁer 310
and the rM&c?&iltN %5@4@5@/ Wﬁ%%(%%@%ﬂﬂwmeﬁh&%@fr&%éé‘hﬁQQ@ ifthe
t ar get are not significant. [0057] According to the present disclosure, one
or nor e GAPPEL Mae RE0gand darps s molleneredl o2 e Meltans pogluaaﬂ igmaiepamptie,
em tteréﬁc"f%swg tE%hBl'?l g'lﬁj%lé %Béqg%% Hrﬁg) ?@grg,@tt l'egsteér?ecygﬂ’% {d@té)re he

urna ti

vacuum &r of “an e tron beam ne hace, as a su ute
el ect r oreldyeom tields aj@odtﬂﬁemglyahealbsthannokaéd wrllby methin @loel 2Bdnin be anannks shown

Fur nace “SaaBBgGR ”Céri*"&‘ﬁ‘ﬁ%%‘ﬁgﬁiﬂﬁﬁ%a"ﬁf*i%ﬁ%f (TP B B ERE or ror e

Wi r e-di schar ion nl ct.r mtters 310 posi |one ace yacuum
chanber 911, LRAIL. aPSa g serd aror T aa hs0 e Ge BiK bl 26T S0l o1 m
wi ndow 228 frfdrfdcodti® ate Hesgiedato ggicratedd fibhicostiobacer ofiergbiic @[dc’treﬁs al | oy
334 in hearth 336, therebéwheatlﬁg the allo Eg Fa %aln it in a nolten
state. BOXSNLa; Wdeetiae i PItEe itRgNAGPRG coYeRER AitheypuPaiantialit inessdbeae
spread agsQRBdDY @ubattrbweleymvw% RPN dMOeRNHAD BIdcAOHIRGAND Furh AgTOTREN
material in any particular |localized region is not great enough to result
in a pré&cEratidd|enilprsof 1§ sPsrad plestrpon cypr @l Witeneaf pRniREBIg| Poyhe

t her eby nf ROUSE 1Y 6! mald LAY fdifaflduTK REHAENRRILRBAGNDLHBINR! LY
probl ens 1 nherent in e use of conventional electron beamnelting

fur nace@ecagsmélnecelemWeflefﬂl it rprodluckewBl govery a bwideniteae dithin tmaeftapecreatl ng
pressur rentla en _t d u 311 is
not S|gﬁpghééﬁﬁ§vﬁ &39%%§§0 dng'ﬁgeﬂéﬁh éggﬁﬁnwy ngS%kﬁgégggéably is
oper at etbraperatuyse esshinethiei gleetrot hissanh smelting eftfiaveatelativeotsles doavénticnaer
reduce or elimnate undesirable el enmental vaporization, and in such case
the need for a filmw ndow partitioning the electron emtter fromthe
furnace chanmber will, again, depend ofgthe particular pressure differential
i nherent in the design. Optionally, conponents 340 for magnetically
steering the wde-area electron field are provided so as to allow further

i nproved control of the nelting process within the vacuum chanber 311.

[ 0058] Al t hough Figure 5 provides a sinplified view of one enbodi nent of a



Wi re-di scharge ion plasma electron nelting furnace according to the present
di scl osure including a single electron emtter, it wll be apparent to

t hose of wodonanyedski || that actual or alternate enbodi remtts2@ib/og498h an
apparatus may have nmultiple wire-discharge ion plasma electron emtters. It
also will be apparent that one or nore wire-discharge ion plasma el ectron
emtters may be incorporated in such an apparatus WO

2011/ 025648PCT/ US2010/ 044944 to: (1) nelt raw materials introduced into
the furnace, in the formof, for exanple, an alloy bar or wire; (2)

mai ntain nolten all oy resident in the furnace hearth at a tenperature above
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el ectro odi nent ,510, a

i |l ust rgrta?r{r%,tﬁi%lr;l raasnégl"}gp? PPINAGOWES Oft eec?@ﬁgrag{qs(eﬁﬁ%far%tpe g‘?cagi?ﬁnrﬁ?ﬁscet er
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e electrons within

513 and ther eb n anode that tes to accel er
chamber ‘6YS" rﬁ%‘ 'e%i}‘lrvé’{?g'ﬁe £80%Ng ' %m‘géin ggigakly etVﬁ@Ofg'%quaﬁ edicaaeq it of
arr ows p%tnts%faréwtrve‘@i%xt@mfelyl hesh vérhberBRlre UaRegAst BfodueBL Pr §RRUNR, tupMCh as

1-10 mTorr i lied with the gas by gas supply 517. Gas supply 517
is connd@& t8r e‘fs%’lﬁ %V@f%aéh%fomgmasfgmr%ar&% CoRBSRIBatioN liffewal ve

521. A s@ihdreMEiRUHECEMEntiORARIECtich BNl fihAgddddigehamber 513 by punp 523,
whi ch is connected to chanber 513 by conduit 52% [ 0060] Cat hode regi on 511

i ncl udes cat pegks151%s Mﬁb@%b‘oﬂeterbu‘s@%’&:ﬁﬁmeh@@ﬂhré@%oﬂgﬁﬁ@ %F‘ ABsral OVer

surface thereof. The insert 520 may be conposed of, for exanple,
mol ybde RIRRIOBUEMiHSSS b@ef@ﬁﬂyosrewd@f OBRAYOMEIOE | &lPnadte hwise suodasl groHughg

Spaced PramEReh P, SRR e bRl honed ceh B bl 4o ™Y
Cat hode fiicBofi seaondptyeriectoons ight V‘@Iytba’:gqumvet‘GdsT@pm;)ngZQ’\ bytacgab teat58 5o whi ch
passes tbler@ééqu. A schematic representation of one known design of a wire-discharge ion
plasma electron emitter, previously used in other, unrelated, applications, is shown in
Figure 4. This emitter 310 includes an ionization or plasma region 314 in which a
positive ion plasma is produced, and a cathode region 316 that includes cathode 318.
The plasma region 314 is filled with an ionizable gas at low pressure, and the gas is
ionized in the plasma region to produce the cation-containing plasma. For example,
the ionization region 314 may be filled with helium gas at, for example, approximately
20 mTorr. A small diameter elongate wire anode 319 passes through a length of the
plasma region 314. A positive voltage is applied to wire anode 319 by power supply

322, and this initiates ionization of the helium gas into a plasma comprising helium
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WO 2011/ 025648PCT/ US2010/ 044944 insul ator 526 and into resistor 528. Power
supply 522 supplies a high negative potential, for exanple, 200-300 KV, to
cat hode 5%¥@.200akkade 518 and insert 520 may be suitabl y PcoalSeao/os49sh as by,
for exanple, circulating oil or another suitable cooling fluid through
conduits 527. [0061] 1 onization region 514 includes a plurality of thin
netallic ribs 530 which are coupled both electrically and nechanically.
Each rib 530 includes a central cut-out region to allow wire el ectrode 516
to pass through the ionization chanber 514. The sides of ribs 530 facing
cat hode 518 forman extraction grid 534. The opposed side of all or a
portion i (A1 1 ] i ; r :

transm s%i{t'\?tgg?a gidl f%v?ﬁ %g%w&@ﬁgh@a@?ﬁgegﬁg%ﬁ% ;brg%gioifr}génﬁlesgﬁwg&% é‘g %%S
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w ndow 515, whic e conposed o r exanpl um num or titanium
foil, ischamprrdedtropugir hd ex8ectintdgiid 326anaitained At Rdselr eegalvengleatiical ri ng
or ot her Gt (o i ntal [ eld.k

envi ronrint S i SeSHr Bl BTbyP o RioR Aol oD HTRUNRRCI LB,
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and t he ieharfhecatbheodead 1fi ngleades sacyutarpfelediwns| Bsemr cathbiel 3 8ar erheothigh
signifi [ n IC I I 5481 S e 1O, W re
el ect rog\;e%m%% ?%??Eghagégﬁﬁégétsoﬁl%%g&@%%1?%6\}%1?] Poﬁ 8fglcr:é(;(z(rt?'trc’5 Boi%‘?(eé\'/t%ctg\g548,
wire el etitactide ob e viesesmhef ez beliuno catitngghhneogh tthe exipadtent grad 32Gaddhietoi um

wi t hin i.Qpi ' [ 514, ,s i qnj tp.pro ) i udi el ium
cat i ons. NoRE R deBPA T 4 il BPRESHs Pubiosefic O} 5% 20 el de o1
i s ener ghatedabrelgivelrtraspptent 522lectriehs. uAs catedatvenddgendiranon &td @hativegi on

514 are electrically, attracted to catho 518 by the electric field that
ext ends grarsoorﬁe?%uée%%tH@dtbeﬁ??foﬂt%”ﬁtﬁéaBgié MG IR Eﬂf”é’ BrePPERPEat i ons
travel abongt thieefoll ivrdbw 82&dn wihighotige thb@lexioha phddutedydhd 3mitt@ndodlat o t he
cat hode rzgri n.,511. IH tBe at gode region 511, the heliumcations

accel er &LETHRP SUDACHENINPE YKt i al of the electric field generated by the

energi zed cathaode 518 and for efuln% i mpi.nge on the _cathode 518 as a

col I i mat ed btt[eé ROd+ ﬁ?i Wi eTeRigYr 1§c?'ﬁ&“eg 9\@5?‘26%2‘7‘62@8)1 g9 8844944
cati ons drra@get ac ol Yoremeed ryvenfonef tthe poaRioely dRlged heliGRCiondas the

el ectron field produced by the insert 520 is accelerated in a direction

b
opposi t é'afhﬁ’é’ed?r1r86c’%'§6’nt%8fcamoéj\?e31BOQ”C{ the aidiection aad Sehsman baareioped adfr e
el ect r oderangbd t@RfxiMizE 48kordddin) elkcNERaRdmissidn tRFRRMhe grid 326 and with a

beam profile suitable for penetration through foil window 329, if present. The wide-

area field of energetic electrons exiting the emitter 310 may be directed to impinge on
a target positioned opposite foil window 329 and within the vacuum chamber of a
melting furnace. Also, the window 329 may be sized to be as thin as possible in order
to maximize electron transmission from emitter 310. An aluminum-type or titanium-
type foil having a thickness allowing sufficient electron transmission, while also
maintaining a soft vacuum environment within the emitter 310, may be used as foil
window 329, if necessary. Other suitably strong and acceptably electron transparent
materials that may be used as a window in the apparatus, if present, will be known to
those having ordinary skill. As discussed generally herein, window 329 may be

omitted if the pressure differences between the interior of the emitter 310 and the
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[ 0063] Means nmay be provided to nonitor the actual gas pressure within the
chanber 513 as changes in pressure may affect the density of the heliumion
pl asma amsip 20n/i26648, the density of the secondary el ect pom/UdSe@bd449ener at ed
at the cathode 518. An initial pressure may be set within enclosure 513 by
appropriately adjusting valve 521. Once the cation-containing plasma is
initiated in plasma region 514, a voltage nonitor 550 may be provided to
indirectly nonitor the instantaneous qui escent pressure within the chanber
513. Arise in voltage is indicative of a | ower chanber pressure. The

out put signal of the voltage nonitor 550 is used to control valve 521,

thr ough yal, g, e%ggééo%&aié.ﬁg-mg a6 B0 spRRRACY 1o W re ol ectrode 516 by

control device e signal of voltage nonitor 550.

Utilizing theggskgnal t t upply
val ve 521 angoggﬁgr o'LI\ @tggﬁ%)b nﬂ % g{&}? sotQ]ab rgﬂgfé;g@%é ar%%orﬁt put
f rom eni plaemasgectron emltter$ 00Eh] fdrr%amm eemtttgeﬁéﬁatr@d tey pe@videdelo SEPmy be

det er mi ng, g &%ré&% Q@&%rrsymfafmg r\]/%c&zré HafoerBAGH §ns%n5n%egﬁ4 mgﬂﬁp%ﬁraozhe

density o cations | nmpactin cat ode be controfFled b
adj ust i nep aleeboiglteaige etmetran rb@am gy podusing ammia&p hmee:rlelel@mmleems The

energy o | ec et f: Fpgﬂe 5 e trolled by
adj usti né té@%w\?}oﬁ Fa:rep% ee @g? IJ]'OE &S%Q‘bgﬁroughOfpéﬁe%@%ﬁ% Ibgg% g%ﬁlir@ot h
current fanwoer@?ragyoqurdiﬂgéoém presgntlisclosomrsincladebeng rmiefp@ned&m-ld}ﬁcharge

C oL By L B DRSS ISR RISl e | o
and ef f eveh\edection fedhBBAsKits emmﬁer&hOdhadughhfh‘nrmndmiSQQer@cﬂqo@B e‘cbe@ant @uns
camnet SBgALL oAy SOlaRRARg R aRRL ST B R e
an el ectmaintdie dnmreehoitag stalenaBm:aasedimjemgtrbms trheinging senthedalRyl loshﬁaeth
el é()%ea];eursg%a% g%r%ss a relatively wide area, the energy focused on the molten
material in any particular localized region is not great enough to result in a problematic
level of volatilization of elements from the alloy, thereby reducing or obviating the alloy
contamination and heterogeneity problems inherent in the use of conventional electron
beam melting furnaces. As noted above, film window 329 may be omitted if the
operating pressure differential between the emitter 310 and the vacuum chamber 311
is not significant. Also, as noted above, the vacuum chamber 311 preferably is
operated at a pressure higher than is conventional in order to further reduce or
eliminate undesirable elemental vaporization, and in such case the need for a film
window partitioning the electron emitter from the furnace chamber will, again, depend
on the particular pressure differential inherent in the design. Optionally, components
340 for magnetically steering the wide-area electron field are provided so as to allow

further improved control of the melting process within the vacuum chamber 311.

[0058] Although Figure 5 provides a simplified view of one embodiment of a
wire-discharge ion plasma electron melting furnace according to the present
disclosure including a single electron emitter, it will be apparent to those of ordinary
skill that actual or alternate embodiments of such an apparatus may have multiple
wire-discharge ion plasma electron emitters. It also will be apparent that one or more

wire-discharge ion plasma electron emitters may be incorporated in such an apparatus
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incorporates two wire-di scharge ion plasnma electron emtters 614, 616
havi ng a design as generally shown in Figures 6 and 7 and as di scussed
above in wornaaRs@l WO 2011/ 025648PCT/ US2010/ 044944 wi PhTtUse&le/0f49gur es.
Furnace 610 includes vacuum chanber 620, nmaterial feeder 622, and casting
or atom zing device 624. Current required for operation of emtters 614 and
616, as discussed above, is fed to the emtters by power |lines 626, and the
interface between emtters 614, 616 and the vacuum chanmber 620 incl udes

el ectron transm ssive foil w ndows 634, 636, which allow the el ectron
fields 638 generated by the emtters 614, 616 to enter the vacuum chanber

620. The; f of4l\ 1 | f. i
i thi n e B DRV Bty TR BRI Hftod ol LB bR P o ot
si gni fi caltiyl padidf eire; KBanwniedd fmuriemaglit iresitiént st der ifnmaet ehdartm af il ds
636, Y Rind LSl L AP ENERS L E0ch ORI AR oS
di spos edthermelignainytanvhi@) negain d\eséhpérragibosl of We’rreel(térspdxaro@ethé(s’nrfpteasha

| ect j 4 ; i t fields, 618.
Aol ect TEc PRl apfhRiRL S8 68l AR Bt SR MBI s ek uum
chanber $3Qifloptidreaater in622iesired mertred. byisel mctertrin faned adiirb88tse Bhé ta@dmbreom

emtter 614, . r ops ear 640,. W de-area electron field 638 emtted
by eni tt\g&e 81%“%29% g,l?, a'tégfé‘?s%‘s?w%‘hae@'g?ﬁsn@@t*hee USBF (AN eyl PRF B4 | o
r esi denteleetrérebearn gede prodbldirencaraeetiorad! s6daathigricear alkomngn bbembeart h 640
and drops into casting or atom zing device 624 and is processed to a
desired for m[0p3R66] e es &rarcld prividd additions detdiedeattts coke gdssibl@onop! asma

el ectron,.em . E Wi r.e-djsc i, O | asna el ron enitters
di scussggﬁ a %%ﬁ{b%fd brﬁg@%g?pr\@,ggdé%@htaﬁ%e l??‘e@%gnrgg(ﬁl%cgio%s%}%'éteﬁgﬁgéitr'in)é bgt
vacuum praspied s Use gisahetsoarce tfeereogetentlecnals inher embodinient ef antalapiropeam
uns. i . 0 | £] furnace at these hi gher. pressures may .reduce
Shes vor A e oA e bR 3 altsell BRI bt Fiable Bab e BetRithel t og,
as al so wkwcpmted sectfam bhére detalidchabmyipn ghasvey efectioh @nytepbnidogseent

vol ati | | epents.do bojl off fromthe lten material, even under the

hi gher 3&?0?%?%%%&%%38'8?{8?&‘? giagram "[‘]Jﬁga S ﬁf’@ﬁ“@c‘@?y’éﬁﬂ O(E’Sfﬂi@ﬁ’s‘g on

t he rel annittet §1@oEchittdragmoeincvabs eleetridahg griinded @ntvs DRCS1 3 itcle pRARRS At e

walls and fall into the nelt.

formed coyl d, detach_from t he chanber el t )
Condensaﬁa&ofdgl 89y ?ﬁ{’o'opﬁéﬁﬂ%lﬁr%%dﬁ@aﬂiﬂét @”f’h"é%‘é@"t @ eIl 19di ons
and/ or piingele & 150C &ibrRe Waikd @ldgel 511d RRteMBS tnFARAT S1IENgth THEidn4eIBR OF
perceived that it_would be advantageous to devel op "appar at uses and net hods

to WO 849N 246 fopcun iy §16/i9glesirically coupled to chamber 513 and thereby forms
an anode that operates to accelerate electrons within chamber 513 therethrough to

exit chamber 513 in the general direction of arrows “A”. Chamber 513 is filled with
helium gas at low pressure, such as 1-10 mTorr, and is supplied with the gas by gas
supply 517. Gas supply 517 is connected to enclosure 513 by conduit 519, which
passes through valve 521. A soft vacuum environment is maintained in chamber 513
by pump 5283, which is connected to chamber 513 by conduit 524.

[0060] Cathode region 511 includes cathode 518, which in turn includes
insert 520 mounted on a lower surface thereof. The insert 520 may be composed of,
for example, molybdenum, but may be composed of any material with a suitably high
secondary electron emission coefficient. Cathode 518 is suitably uniformly spaced
from the walls of enclosure 513 to prevent Paschen breakdown. Cathode 518 is
coupled to high voltage power supply 522 by cable 525 which passes through
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prevent or inhibit the formati on of such condensate in ion plasma el ectron
emtter nelting furnaces and other types of nelting furnaces. [0067] As
such, thewpnresdnsedi scl osure, in part, is directed to amCIASAVIQNWI44
including at | east one auxiliary electron emtter in the formof an ion

pl asma el ectron emtter, such as a wire-discharge ion plasnma el ectron
emtter, for exanple, that is configured to be used with a nelting furnace
conprising one or nore other ion plasma electron emtters, such as

Wi re-di scharge ion plasma electron emtters, for exanple, for nelting an
electrically conductive nmetallic material. Another non-limting enbodi nent

accor di “%sh%téﬁngra%eﬂﬁ ?@ orSadeE '|§ov9err §§;§§§’ Qu('};fp%BBaé ity Ae@%h%‘“ ng

at least one auxilTiary electron emtter form an ion”plasna
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conpri sing one i oniccerect d/or ot her I ting
devi ces. flBddhngseh cheduitsd@37.ary el ectron enmitter accordl ng to the present

di scl osure conprises an ion plasnma electron enmtter as an el ectron source,
it is referrd@06bl helegizatien ragioauXi4 inalyddson plediva obltieiot metalémiibs e#30 as an
auxi I'i aryp r

auxi liary %h%&g?g%@g%oz@%eﬁmca%%g&g‘?eecﬁéﬁ{gﬁhygmﬁta?ﬁ%wg?m@@ug ki lnfral n the
art wil | cuteihgedior to alhom wirgvelesiraste 51€et0m8@§éhlt0udh§k's¢ asiragiontchambar bhéugh
the wir r e Xi
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any ot hesidguoft athlar aomorp@asmathel glos 1599 prmivideeras so;vpam)gnldl 58@’ ﬂoorelqmtamna

el ectro [ he s Qpe 9 e nt
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wi r e- di sathéorgecanote, pélammmneloeeiterrmnmefﬂ‘il tatsesru@psa@d e drior 5BGl ahdtio salpdstdi t abl e

shape, such as %ylar sha | i near-sha e uar e- shaped,

rect angﬁ%ﬂo%‘ﬁ%ﬁéé YRMPe! ab%‘er &l rP?tHEqscg‘i f’%‘ﬂ%{ﬁ@d“a'aﬁa'rt eainghIvaFu¥haped,
for exarpdiem §& EoVifoneARE Withih Ehdbsdfe BaY] NG c¥ALhAAHIBBAREH emitter 510,
cross-sectional areas or profiles. WD 2011/ 025648PCT/ US2010/ 044944
[0068] | 8% manioldon Provided iyceatioibimvinsionss 15 much @rivithaprpsalizad: ioes t t er
accor di ngs §RcldRdRjeRedlly HSIR! AH6S mme%erdn%?ea ithé réﬂgswaﬁe?edcee

pl asma el ectron emtter "that 1s configured unctions In a way that is
t he sandedyedn thesindenar| @rfhﬁwhﬁﬁwevéﬂﬁdﬁsewtﬁe%lﬂSB@IﬁiathgeChamqulC@@tﬁimeQect ron

e L er Spghgkssiae 8Reen R aR Bl rcbe auxi L1 ary wire- di scharge 1 on

pl asma e ectron enitter nmay conpris asnma reg| on including a wire

el ectrode, S d 0 r ma
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el ect ri datough cammnectoe d480 @nhaqtvatl@h toég:enpoMéewemﬁpBywené!egmcmj 506 is
negativel e the cath var nan nbodi nmen

cat hode r?éygcggg g%sal ﬂ‘%h@é]s eF ePtOt% a{f‘o cﬁie\,{k@ewgﬁlgcx[op%égogdegwgt gf)%é?t ive
i ons gen@’ﬂaédatb pyoduce pMsrrea naadingdelianeatices! Qrifeedetmaand iandtiatepiimge on

t he cathode,  |iberat ng e s fromthe cathode and creating an el ectron
el d . Suetes BOPgC A ao0ge s Bris ENEIGESd b PeSSBIREY oo PBLUSGdBNEet r on

field canthe 1&11&{%&@%%951&%% )éxecmew %@tra@@&i/t@rcamorde%%i by QhaRAEQRE | at e
regions of the nel tlng chamber throu e use of electromagnets, for

exanpl e fieldothah upsrndssrem ﬁ?e%ih@@%@%di”&:m%@ﬁ@m% Fegiphridde Thechelism

el ect r ORfibEd ‘flravgfeﬁf&%g h! ?elg R MGod ﬁrtﬂéseﬁﬁ%rnbr‘?r?rh 3hgaandlinlfaps after
bei ng el ectromagnetic ocuse tha IS sma a cross-sectional
ar ea of cathfodelrdgiof 56I1ec|nrtba$amudetreg!ob;51t1h4ha/helltmmsaﬁ:cm$ plcasmateed@ass on

Firel o) et PRRBle PR eREVE! B ehefeiay e, Eaellet et G B Eroid e o

hi gher poeefuby inyyinges owitik bgthadgiseataera edlbpatedrbed@nsi datioper Thaiitnpacway for
exanple. It will be understood that when referring to a "cross-sectional
area" or a "cross-sectional profile" of an electron field in the present

di scl osure, that the cross-sections wil be taken in a direction
substantially perpendicular to a path of travel of the various el ectron
fields at a particular instant in time. [0069]In certain non-limting
enbodi nents, the auxiliary wire-discharge ion plasma electron emtter may
operate at a higher power than the various w re-discharge ion plasma

el ectron emtters di scussed above to provide higher power, higher electron
den5|ty, and/or focused eIectron f|elds mhen conpared to the Iomer pomered
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WD 2011/ 025648PCT/ US2010/ 044944 cat hode is charged to a higher negative

vol tage, then the electron energy of the electron field will be greater

owi ng to wheotivgh@s el ectron energy of free el ectrons cegirng2abi4ofi4t he
cathode. Additionally, if a higher voltage is applied to the anode, then
the density of the electrons of the electron field will be greater owing to
a greater nunber of ions being produced at the anode. |In another exenplary
enbodi ment, the higher voltage can be applied to both the anode and the

cat hode (negative voltage) to produce a higher energy and denser el ectron
field. This electron field can then be el ectromagnetically focused and/ or
directed_t t] f i u t f S t i el.d of
such enbot f%rrr‘gﬁ{ese %@on@g%%&aﬂghg% ﬂf:eon ’e8rr1tsa €, q@%ngceér?gg?@ é\llg?“{”lﬁ%teﬁje

nmel t, sopriodiucedcly forinsen$20iis hcelétatednal a diresictharpposite theedirgmioni dhivel t hi n
the melt, thgrhe%p%npgt%nts-ruﬁva{rg(%l}i?Wreeélg&trcgé)en ié,eérf%{m&@l 2 B e?}é i
mai ntai n"the nmolten matertal wthin a vacuum Thanber a nelting furnace
at a suiprabém. t enperature at various regions of the vacuum chanber. The

hi gher energy, denser, and/or nore focused electron field may be used
because of tH{e063]nm tMeknemiagddeqeovided tofmaniter thentdnd dtas, presdurdivithadthe
portions rti .t hi e j ; vacuum
Chanber  CHAEEan 2 Bl el Bleekiect R BBl R hERLRRT o} plehe

porti onsgndaniwn, inemEnsiyl opthet saposdprtyi decttan fidld menorated)at theocainoden&it8.r egi on

f th Jur oI A L e- di ion, pl .
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f ocused ¥EilecOnoa the ehtiomrenmtraired plagmiahis iaitiziddi iarplaghectgion oM, tot evltagey be
d dj ; . i af. [ i,thin the.
e 2RI CRECHEY 0 FRagh NG RRREAPTAGHE, B P st Lo ™
parti culmesglegiwithih ther gedmbémS the Andsge In voltagegs endboativeesit a Iavey ¢reouissd

I field be i npi ion..of f ' | i di fyi
Cheot " ool TRET8PAPRCH B2 Buk el PPl pn TR LR 4 TS,
pool 23%thandh vdher ebrtradler Ghar athe cusentcsuppliet he wicd elkctrodgets 1832 cbatrol

exanpl e. [0070] Those of skill in the ar 111 recognize that the auxiliary
o rerd SsiiEegRra BRo i Suie R bt Pe @A ot uplacsr MR HEE i A< BT ray
conpri sejenbrite@bgpltege amdhitdricEad %oﬁ@@lt%a“se@pﬁfly vaige \6aN | idiscomtiot ddi/isehar ge
ion plasggﬁ®lectron emtters described above Buch, and for sake of

brevity,® owsdang glable gleetrempfield outiutfioq) epittesditfed again in this section
with respect to the_auxiliary wire-discharge ion plasm el ectron enjtters.
't w11 bes UK 03B T g BN e e R s GFSHOIERORY THE Fi go.
9- 15 haweRgit@of thefcatiens Bnpusting thd Batholis 51 Hle TharRnasy 6Mie CANPRNRIHactifheMent ,

and/or portion in Figs. 1-8, described above n\g)?{ be the sane or simlar
and may thewgathose Sayr beiceniralieds by adiusting dha/ witage ey wisa . elagtaasie 5§ of
the co ' [ ' t to
the var Toe0 s anSr S e s e b D b B RS R TRIF 41 EnBaoBEE , 17
conj uncmanbeicbhirelleel mardjoatingeitenylltagy enthediatierttess e §urugfedowar Fuggy 9- 15.

[0071] 1 ne -Limting, embodi nen referri to Fig. 9, .an_auxjlijary
wire:  aPechdgl FUIT AR LT oliee sttty doatdhey cle BooflpdiienhE 3,
adj acgntcoﬂ@oweova@uuhiwblaﬁ&@hl ipsl Betodecn thedd bagmﬁe:maa::ejb ﬂxbozlpdri@d altages ar 'y

W re-di scharge ion asma electron _emtter 700 ma sed in conjunction
Wt or S BREnEEHEN S CDME GRS PTIHGH & Bl aiTeRbAHS el st A3 FankRBt r on
en tt er $ordéhtiohAl 1ABAnERIHi¢ ERSLirbMBe sTERRkot ¥80MAFolIBBINIE 2 WoFi@s hiiRgr ge
ion plasma el ectron emtters 216 may be used to heat and nelt the bar 220
of et alineay manrgivdien adidstgeasm rpieanaigise- di scharge i on plasma el ectron
emtters 216 may be used to heat and refine nolten netallic material 226 in
the hearth 200651 n EigrreaBris actehematic iilivgtretivoal aeaesmbodieeryplian elegtron

W re-di r j I 1 segl .t t y
condens BF et B Ul et 0 B B e P e P ¢
any sol irdiofpeediepotvid ovie-discidrgeli ing glesrdenslatieon iamitthes Gt €d6nies\ahg ia
material, present in the hearth 224. 1n,ather non-limifing enbodi nents, the
o |1 aPgoaR e el o FedGRe el PEhet ke A B B e a
the nolten pool 231 or other regions of the formng or solidifying ingot
232, as discussed herein. .05 .



[0072] Accordingly, in various non-limting enbodi nents, the auxiliary wre-
di scharge ion plasma electron emtter 700 may be adapted to sel ectively
melt condwozati2f@sned on the chanber wall 215 and t her eby/yseevantosor
reduce the possibility of solid condensate detaching fromthe chanber wall
215 and falling into the nolten material 226. Also, in various non-limting
enbodi nents, the auxiliary wre-discharge ion plasm electron emtter 700
may be adapted to provide additional heating at desired regions along the
hearth 224, for exanple, to nelt solids, such as the condensate, for
exanple, within the nolten material 226 and/or to maintain the nolten
material 226 in.a nolt h 224.
i 11 ot 1osPARyRR ofRRER ST obe e Sialhi SobTlb PR il BBgbPe2s
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or ove BRI TS RIPVARPER SR bre v iTb Bl P pr e e TR ab b e d 1, ¢
met al t ans iengttavst did) 6t1BetOIGfrg@tthE3&cuamd¢rmmlmj\&2®t a'g'lemtmll wmndnfxvls@alc@?»ﬁhe
resultin mcrostru t he ingot 232 exann 07] n

none1 i i SEnie Speiaoaneses v e §Mels, i ieanyd e
wire-di s,@baurge chambpl asea ikdngicalr on @on hotesighii@ansy cdifiéi. gui\,exdantso 6990ttuce a
focused el ectro | ectron field 702 far

field h as, f ocused | e
This foTRUIPIGRLEIPGH Y PBCHOR d5ids 38 Ty Be TR RS VBN RGP s 3mest £PBns
aRd, t Ee@ efdride awlﬁfitﬁhal\lmjmd"@lsm@nﬁﬁl A ham%?o Oaviel snay bree b raxxampad egd:@ld’; er |
than t essentl.a I near " C ro ener a canventi ona
L her o TEATE: B Uares6d BORRr YT aine CabudBaPelaicts B s 3 BN HasEter
My CoVe&flecironegiiierdas 4106 B8) aé eshdrgissd dn @he.laws»eiédwm hb@srem onpgovered
by the relatively wide-area electron field for exaggle mtte the

o o i AR ROk iente g BRier BHOMh Plrpdas] Ings i ¥eB S aBBeE 620 n on
non- 1 i mgh fegd@rfw'.@ﬁnstnedtdveel%@twasﬁQldeé:%Cém%dffk&h Grifler 6, ahf@’@roﬁ@ tgr ea Of

0.5 square inches to square inches, alternatively 1 square inch to 30

squar e ieaRBS40ari Ic@rqr@a @éﬂqtr\sa@m@'dﬂi% aAvtEed l?n\cﬁmttt?r@(ﬁwgéﬁ depaginss and or
exanpl e,reqiﬁ%nwot mloffBh gﬁ&%r@ung@btmﬁme%sw@nt hﬁhgéﬁwxbchmm@ﬁ RhtefialMBhE i NG

f ur nace cused ectron beam in certain enbodi nents, iIs steerable,
or at | edsancis dorabieheatichidd had drepsaie bestingpirrajedizgry gevierAg4madds ot her

solid pqrti It. Those of skill in the art, upon considering
the pr eg)écgn e%g;écsi‘g} %?&rg'éé@%rﬁ recognl ze that the focused eI ectron field may

have any sui Erﬁ%g?“?ﬁé oL 9 l;r%guﬁ@;er@érﬁ)ﬁﬁ%ﬂs' (?fst Ofonpﬁfaéh%”la%&ron

appl i cations. 4] I'n”one non- I men he cross-secti onal
area anehutters hsuaty @stiesieice- d(snladtrgsh@pplaematﬁeotfomcmétdrsediemssed dhiogé dfov02 nmay
t he size an node and/ or t cat of an

be a functio & qg Eod
auxi |1 aFYABPEC Bl i et o e P e R Ak P el al VL PSP daped fian e
non- i rrbbhmueﬁmdemmc élb@trcﬁn@@en a06s.t Dpepabhada rﬁélﬂn@furﬁadfeehtatheyeel y
| arge size and the focused el ectron field 702 covers a relati vela){ ?r ge
cross- higher pressures may reduce the volatilization of volatile elements within the materia
being melted, as also discussed in further detail above. However, if any of these
volatile elements do boil off from the molten material, even under the higher vapor
pressure conditions in the melting furnace, and condense on the relatively cold chamber
walls of the melting furnace, the condensate formed could detach from the chamber
walls and fall into the melt. Condensate falling into the melt may contaminate the meit
with inclusions and/or produce localized variations in the melt chemistry. The inventor

perceived that it would be advantageous to develop apparatuses and methods to
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WO 2011/ 025648PCT/ US2010/ 044944 sectional area. This relatively |large
cross-sectional area, however, is generally smaller than a cross-sectional
area of twe wides@sea el ectron field, but substantiallyPCarusesioniens t he
essentially "spot" coverage of the substantially |inear "beant emtted by a
conventional therno-ionic electron emtter. The focused electron field can
al so conprise various cross-sectional shapes, such as circular or square,
for exanple, based on the shape of the anode. In one non-limting

enbodi ment, an anode having a circul ar shape can be used, in conjunction
with a cathode, to produce a focused electron field having a circular or
subst ant | i 4l C Sectl I far. ex . ] e
on- | | m ¥Rkl KBEn QRESRTir AR, oqliBhSie A o BRENE okBRITIENT.
i on pl asmeltiot édeneces & other typed 6f malinghirnacgs.| east one first field of

el ectrons 218 (i.e., a wide-area electron field) having a first

cross-sect i orl8P6@r eaAs FHeh.alliri preseny digaiesudé siohearyds idvacisidalonan @ppatatusn
emtter izggdiﬁgya%qgéét heSEOMHy Thhdn BmiBELR @B rm SHCh A% ;}Iggmgoéié'éﬁoqn

el ectron fie 02, having a second cross-sectional area. Tn various

embodi megigter.t $uehf 88 &t Wireolischaeast iomalasmeealentign enittar, fer exaeple, tthat sane
as, or suplk t . - - sect | : i i.th
descri biér%hg@%grttg?%d?%?j \?'iﬂ{e:ﬁgg %‘ﬁﬁi e%?%o%%n?&ﬁr}sga{)'g?%r h&rrggﬂ%ﬁ%ﬁ ?%fs }e%r&1 to an
area of ejestemnagyitiefs, tsheh B alig-disctelrge tongrigsmk etectrhe ehiitérd, bfr eabmpte; dors i s

I npi nge (o) e |4 i O Al It e i al

rogi one opUAD A AOERSE orfREliE RRINICRRINL, | bkt fER il S theny,
vacuum dclvantsing td 0@78fekentodieciosurelis wirectnd te rmnoapazatus indledifgalidexbt @nect r on
field 702, .80 Wl ar i re-.di [ ion plasm el ectran
emtter %ﬁ( 'gh}aéggtrgpr{mﬁtnﬁg?'a@ t)hs?sfbsfpéc i 8ﬁa'f?rH }?aggn"{g%éteﬁ% Heer'\?\ﬁﬁaé-%ﬂc a*2lPect ron
field emuxtied wietisehaigecodimdadmsa gectrom eplitesmioredb@ctpi@nhetrist doafigdred. tol n

t hat entﬁoedbg?edﬁt i t he fnocu erd electron field 702 % be .nore If(ﬁcussd and
opt i onal T U &M AL PG SYMPIIRING 108 1 TRFS SIPrRergi e RledoPeHN gher
ener gy ejuestanarts)otiidraneltihg devides. aBecawsleant aaRilifiyedicetesn éridr ycdriing to

W re-di §gharqc§e Lgn electron emtter 216. The hi gher el ect recgfé]@densit of the

f ocused & BEFSFBhOPFIRPYEFGIRISHAS BB 197 BREEE HiSCtamnt iR 28 2RI eI Se to

the anodeis felérrekageReint & ehealaidmprien i Alelddhenasamer ans .ant bexirdror e,
create re secondary el ectrons com ng romthe cathode. The power of the
f ocused SEAYON I BRUES QT diN7ee EX9MBIaN ATPRABEAL @S B AUEHaRWiIrgndscharge ion

2011/ 025pABRCEJH0 EMHiREA FholObf SKitiRRhE /eI r&ogﬁiz@,ongﬁnw ¥ tge! i d

portions of the nelt. In such an enbodi nent, the electron accel erating
vol t age Preagnt gisctoseres dhafotidodaly the eviretdisahecge ©ur plasma (Hegtrovagmitersanded f or

it abl P ' it . ‘ | oct
obr ot R L SRRl 0 AR Bl e oot o
non- | i many mthezrsndat egot glasinhesldadonsedittelsextauaiiafyi ioh ¢hladda elantra smitiees

Ly B4 50 1L SR8, B BA5H e bR Bl B} B 000
suitable ion plasma electron emitters and other suitable auxiliary ion plasma electron
emitters are discussed in further detail below. Further, as discussed below, the “wire” of
the wire-discharge ion plasma electron emitters and the auxiliary wire-discharge ion
plasma electron emitters can be formed into any suitable shape, such as circular-
shaped, linear-shaped, square-shaped, rectangular-shaped, ovate-shaped, elliptical-
shaped, or triangular-shaped, for example, to form electron fields having variously

shaped cross-sectional areas or profiles.
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[0077] In one non-limting enbodi nent, the focused electron field 702 may
be directed toward any condensate, solidified portions, and/or unnelted
porti ons wot2hiwvn2sdse nol ten all oy 226 or the nolten pool PE3AIS2010/034dd4s t i On,
in certain enbodi nents, the focused electron field 702 may be directed
toward to the nolten pool 231 to influence the solidification of the nolten
material into the ingot 232. The focused electron field 702 nay al so be
directed to regions of the chanber walls 215 having condensate thereon to
melt the condensate or to other regions of the nelting furnace 210.
[0078]Wth reference again to Fig. 9, the focused electron field 702 may be
directed by eri ¢ r /04.
The steeri ng%géé 98 égr?awm@ﬂé%ﬁﬁanﬁ%ﬁ%?'ﬁ% ate 38?1' rél%gtrcz#e%wﬂ%rl C
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field 70 J re r i m
chanber %ﬂt@r hrla{?hsggoﬁ}ﬁg@l ng uﬁ"ﬁggge 52'9(53l %egmagn ?%n%%ma%h%ﬁlls %lgg'ag%gmé
appar at u&rnbuswwetd)sdﬁamlohaﬂasmga elediroaepnitsks disciissadraboaet Fboexampieptheat i ng
the diregc tr n o, B5aml e,
may be suLl}Xf‘(‘21 %FGGA g(f(haré? rrjl E)ksa%ﬁanété%gogt e@??h?égys&ﬁ%%oﬁ &%Sr\?fgn're at such
t echni que(siuamg apyiaer ateutro«ﬂ@rsunhanaqmdnaellongatel Wit rapiode) ebmi@ua&'da t& poeatudeo
t hose ha | e_ar h r de d ai l
her ei n. Xég'rga Lﬁﬂ@é?ﬂ%{f\bé erEN eae‘r%l %Hé)dtse £ IO% @6@851 %ém t&% elé&dgﬁg
sel ecti \L@InynectaStteta Higie vblmgas@cﬂ/v@rl swplyoamnflgmied té’ (B@ggmmda,r ctade hiye tébode.
auxiliary ion el ectrop emt 00, about a rel r region.wthin
the vac titrERuhpar TBiRoGr e i afie Be bedRBhped rAsEdT Mok
t echni qussctaid @pmat ﬁbslﬂveiro@s Igwmté@ by hies Wn‘@aelecﬂg:d@rm rm:ylesd«ecﬂ ltowardt he
art for rasterin [ e Ult for.use in the
21 eer | ndhrCl ETRIBGS 68 e GahothaeLbd PELHRIS1ES DRclaBRat andsCPRInG 38t or i ng
el ect ronelédtue)lnd&tca,rs@ckra@vmmc\mc.?@lb&t’r&ﬂEﬁéﬁmma&lofr%%aééled @lebﬁn@seelbaw ng
her ei n,

ordinary skjll, they ar t .descrjbed,in deta

non | meeng® GBI IAEToR B ERTRG IdY AR & GEpraar dpdoRD kg

qui ckl'y rsnigy bh@nﬁereﬂheb@%eme @séeﬂlew@n@ha@a@@eftﬁeﬁamteer Fad pirpoddieoicthanber
wal | 215 to nelt the condensate, over a solidified portion or unnelted

por t i on REPSERAESaUTey e RDragfe’ Theusednelegton felfemeape Helftavilg aiessr over

the nol t@BidR0lare3 latti€adt erﬂeH%@ﬁ@ élB@tro’?ﬁégr@hB&lﬁ/afo'c%bcpfthéth@ sfn%l"& Reard AgOt

232 as desired. Rastering the focused electron field 702 may al so be

enpl oye@@% sctigngi area of ahfé?'% of elegirone gatittecb by de varioysoesirhIma glechap an

excess e r r t f d ct field

702 to %he con%gﬁjssastgg ét%\r({g éflerrglﬁftlﬁe %%f‘r?étrl %%S\Wie A(]?o qu %% f'?hgn irtﬁ?erl al

on whi cHioausandf ofdbie etbctybr dieldsroahi roale thezléaieinrgdds higipg nawaatre@hy oeovidieg

condensat d h

xcess. o Seplet Bamoiers i R bhh 2. (AEFthelk"dr WR, b€ AnEBREEhabhp ol ca

coul d vagferrirgetot décrgsd- aéatioaaledareaﬁot 8 “eioshisactidnal pafitke g alnecloctrorafi@diial |

whi ch coul d exacgrbate cg]n ensation of mat iatl)g on. the, chanber wal Iﬁ 215
aﬂé’?ﬁ eskpk

In one HEhPIESHNt PiRGOEHB0 Croﬁﬁéegf%r‘?" B iR 26UreRIRN BPIRYER

di rect themdnaruiedo @ sahr@Nrdvbrbitthé0/4rib0s @rytreniflertal £ pgmbmaﬂmtatrhnrm the
melting furnace 210. [0079]1In one-non-limting enbodi nent, a steering

syst em fiBie-t he focused el ectron field 702 can be sel ecti veI y operated such

that an operator can specifically direct the focused electron field 702 to
particul ar pt06Pbns Mofcettpia pe-tmitingrerpiesliimertsnile pwgliandyit-diseheaeiery. Such

a sel ?Cya‘éﬁwasé@@t'?drpgmﬁ?]éz@y&%’r‘at@%% ﬁngﬁ?rsﬁo%@err élﬁ‘&'r gRwWL88s (- de(fha(Pé@er

steerin evices, to t rect th ocuse ectron field 702
sui t abl enr algsmaselwntolm e:mitttla@ diacussat chavd &y prayifehhigleronasyercbighensiactson

particl thlnt =1 imti i [

Ot ceri ngeuuby dudorJfented eiolof it REPL. PR 1Rne oUER PRl I8,

arr a)éed gméém emét i@eswa@wegn abamaen%fagcg@nbrmc; bbﬁthé ocuisesl medﬁemmnmgé nc;ﬁ d 702
can be directed to a predetermnm ned regi on of the vacuum chapber and/ or can
be sel ePESTE §lerBoRALTBIUEEH QWCH%?Pa?é?‘g%egﬁe%’?? Expmplary &'M%??& riQ § egi on
of the vacuum chanber and a second predeterm ned region of the vacuum

chanber, for exanple. [0080]Fig. 10 illustrates another non-limting
enbodi ment of an auxiliary ion -28.-



pl asma el ectron emtter 700", such as a wire-discharge ion plasma el ectron
emtter, for exanple, included in an el ectron beamnelting furnace 610.
Vari ous ewerrent@s@B the electron beamnelting furnace @CO/Use@oiododntified
by reference nunbers included in Fig. 8 and descri bed above. The auxiliary
ion plasma electron emtter 700' may emit a focused electron field 702",
simlar to the focused electron field 700, that may be inpinged on the
nolten material 642 disposed in the hearth 640 and/or solids (such as, for
exanpl e, condensate that has fallen fromthe chanber wall) within the
nolten material 642. In one non-limting enbodinent, the auxiliary ion
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direction of the focused electron field generated by the auxiliary electron emitter may be
moved and/or directed to any other appropriate region within the vacuum chamber of
the melting furnace, for example, so that it impinges on a particular desired target. in
one non-limiting embodiment, the focused electron field may be impinged on a region of
a forming or solidifying ingot to advantageously influence solidification kinetics of the

molten pool 231 and, therefore, characteristics of the solid ingot 232, for example.

[0070] Those of skill in the art will recognize that the auxiliary wire-discharge
ion plasma electron emitters of the present disclosure may comprise, for example, any
suitable features of the various wire-discharge ion plasma electron emitters described
above. As such, and for sake of brevity, those features are not specifically recited again
in this section with respect to the auxiliary wire-discharge ion plasma electron emitters.

It will be understood that any component, element, and/or portion in Figs. 9-15 having a
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706 and 708 above, the steering devices 710 may each generate a nmagnetic
and/or an electric field configured to act upon the focused electron field
702. By pwoundimge4sore than one, nore than two, or norePChas2lne®qd4 f or
exanpl e, steering devices 710, the focused electron field 702 may be
precisely directed to any desired region or object within the vacuum
chanber of the nelting furnace. Those of skill in the art will recognize

t hat ot her conventional systens for steering electron fields nay be used in
conjunction with the auxiliary ion plasm electron emtters descri bed
herein to steer a direction of the focused electron field 702. Simlar to
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circul ar-shaped, square-shaped, rectangul ar-shaped, triangul ar - shaped,
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an anod oé&bi‘ii{}?&f%o}?é‘rcbﬂa‘&ws%?ea!?&%?hiﬁ%fr% fle, HARIERY Syafi PABE S fhlhf ?ﬁ}éﬂﬁé of
t he cross-sectional areas or profiles of the wde-area electro reld
and/ or nidtehomateid ekéct Atsn, in ehdoumaypohdmiioat embbeichenEprihexanpiag, wire- cr eat e

a focused electron fiel aving.a circul ar cross;secti.qgnal, shape,

ci t oul ab SehRRePA Plesmadestror Ay oA Rayde SrPRET 3EaYar Rughe ™ Ticalngn ¢ ng
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ion plasma electron emtter may al so be conprised of any electrically
conduct FRRIQNSRIE, fPrap@muipeuithin ghe meiten sratars) 226 angrdo diBiRg] BigsmMotei s

el ectri galily, consdupt %VIQIOHQHI NstRleBE ot @RI mof rb@bhs Alodd1ané akdiate 23ay
conprise a simlar shape as the shapes of the various anodes discussed
above. In one non-limting enbodi nent, the shape of the cathode may work in
conjunction with the shape of the anoge to produce a w de-area el ectron
field or a focused electron field having variously shaped cross-secti onal
areas or profiles. Although the ion plasma electron emtters producing the
w de-area electron fields are di scussed above with reference to an
exenplary wire-discharge ion plasma electron emtter, those of skill in the
art will recognize that ion plasm electron emtters having 'non-wire' or
'non-straight wire' anodes nmay be used and are within the scope of the
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produce a cation-containing plasm, wherein the plasma cations are inpinged
on a cathode to generate a field of secondary electrons (i.e., the focused
el ectron wpebd)o2sd3at are accel erated to i npinge on a taPgeUS26100MAS
condensate, for exanple, that is to be nelted to reduce solid inclusions
within the nelt. The el ongate wire anode may have a | ength di nension that
is substantially greater than its thickness dinension. Although described
as "elongate", the elongate wire anode can be forned into any suitable
shape. The auxiliary w re-discharge ion plasnma electron emtter may be
constructed in a way that is substantially the sane or generally simlar to
t hat des b e arj qu
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through an extraction grid, sim lar to éxtraction grid 326 of Fig. 4,

mai nt ai Mede any auitibihciesgaetrtianabhiees oF orlfilgsdoepaitiedlar apicaliast er at ed t hr ough
a high voltage gap, simlar to high voltage gap 328 of Fig. 4, into the

cat hode regi 974 here anken@rlmiing ammbadieen, mrqsﬁﬁ&@tloﬁaﬁ@f%taﬁé@é tiga g
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onto the cat hode 818 rel eases secondary electrons fromthe cathode 818,
thereby formng the focused electron field. The high voltage gap

accel erates the secondary electrons igqa direction opposite the direction
of nmovement of the heliumcations, through the extraction grid and into the
pl asma region (through the electrically conductive plate, sheet or foil, if
present), and then through a thin netallic foil window, if present, simlar
tothe thin nmetallic foil w ndow 329 of Fig. 4, nmade of material relatively
transparent to electrons. As noted above, depending on the rel ative gas
pressures mnthln the aUX|I|ary eIectron enltter and the neltlng furnace
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fromthe anode 819 nay be accelerated to inpinge on the cathode 818 to
create a focused electron field having a cross-sectional profile that is
rect angulwo-28hzpedsor substantially rectangul ar - shaped. PTNAIS2010/044944

rect angul ar-shaped or substantially rectangul ar-shaped anode 819 and the
cat hode 818 nay be designed and arranged to better pronote transm ssion of
the positively charged heliumions to the cathode 818. Al so, the cathode
818 and the extraction grid my be designed and arranged to maxi m ze
secondary el ectron transm ssion through the extraction grid and with a
field profile suitable for penetration through the el ectron-transm ssive
w ndow, Lf_. Gand I ri : i I I or
For | anodes i S Pa gl el S e 1 B Eh o e b P M Eb g
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havi ng ogxgwqéy skill in the art. As discussed generally herein, the w ndow
may be ofi Ra if the pressure difference between the interior of the
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be accelerated toward the cathode 918 to create a focused, electron field

havi ng £MAIEEE1A8dRE PBFRIC FPetPedionAkarea; & pernestiguiiR derarfiien particular

subst antiief by efeRGbAdtheaferpnapsst RRY roforaeNdd GHELYr (cBleragP! SIUBBERIG A any
condensate, solidified @Ol‘tl ons, or unnelted portions of "material wthin

t he nel teleciens shesrihe fielpfirctions és ntringasguran ewideasdtei sriidi prgiens withdn

auxi | i ar I 1 -1 g ri: a - C Lgured
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wi || bevaodenshawméier.hat the cathode 918 will be connected to a power supply
configured to charge the cathode 918 to a high negative voltage. [0090]1n
one enbodi mef076] | ustaoret mzh-limitirg gmbbEjment, thexotusedyeledttant fidd 76&iantited 1002

accordi t he pres i.scl osur.e y.dnclude. certain features simlar to
those obYchE ARl E7E sl AR aRr TR e @ SRucEaHD s AT sl

el ect r ogeetivntat elred A02h theowadenred RidctrdR sficld Gnhitdd aFy- Flape@-diStharge ion
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1018 positioned within a cathode region. Positive ions fromthe anode 1019
may be &tgber ergior@lachirasdhanhe widecriea eepgon dielsk eratted Hyftoe wdreddisthecds on
field hay gc@oﬁéﬂﬁ\%‘r%%t I-Qah R(%Ioéibétfont E'é\’isgy%f%é fitliala %f&%p&q‘ #8ld 702
substantially circular-shaped gnd con I gured’for 1npingenent on any
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and/ or gnto_.reqions, of ormng or.solidifying ingot. The auxili ar

ol ect r off et Ter T PHe A nehy e THE e RpIe B SEHERn GO S SRP TRl % suppl v
a posi t cathoti®l Tageduertdiehardeed @kRtroAlfiehioEgh carvbeiihdroasdcrbedecrbdsan | | be
understood that the cathode 1018 will be connected to a power supply
configured to charge the cathode 1018 to a high negative voltage. [0091] The
power of the various auxiliary electrgn emtters according to the present

di scl osure i s dependent on the density of the cations produced by the anode
and the negative voltage of the cathode. The nunber of ions created during
ioni zation is dependent on the voltage applied to the anode (i.e., a higher
vol tage generates a greater nunber of ions per unit tine and increases the
density of a produced electron field), and the energy of the el ectrons
within the focused electron field is dependent on the negative voltage of
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facilitated by utilizing a focused electron field having rel atively high
power (e.g., electron density and el ectron energy) because there may be
limted rwei2damesss8i ne avail able in a particul ar regi onPofi/ush@oaaum
chanber for any condensate to be nelted before the condensate is flowed
within the nelt into another region of the vacuum chanber. The sanme or a
simlar theory applies to nelting solidified or unnelted portions within
the nelt. [0092] In one non-limting enbodi-nent, an apparatus for
melting an electrically conductive netallic material conprises a vacuum
chanber, a hearth di sposed in the vacuum chanber, and a nelting device
configur nelt .the.ele tr| | Q ctl |1
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cat hode having a second shape, positioning the cathode relative to the
anode, and applying a voltage to the cathode. The voltage may be confi gured
to negatively charge the cathode. Thegqrethod nmay further conprise
accelerating the positive cations toward the cathode to generate free
secondary electrons, and formng the electron field using the free
secondary el ectrons. The electron field nay have a cross-sectional profile
with a third shape. The third shape of the electron field may correspond to
the first non-linear shape of the anode and/or the second shape of the
cathode In one enbodlnent the th|rd shape of the eIectron f|eId may be
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conductive thin plate anode, an electrically conductive thin sheet anode,
or an electrically conductive thin foil anode. [ 0095} In one
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[ 0098] Al t hough the foregoing description has necessarily presented only a

limted nunber of enbodinents, those of ordinary skill in the relevant art
wi || apprwoizatign2sd¥at vari ous changes in the apparatus amrdTrseiogssand ot her
details of the exanples that have been described and illustrated herein my

be made by those skilled in the art, and all such nodifications will remain
within the principle and scope of the present disclosure as expressed
herein and in the appended cl ai ns. For exanple, although the present

di scl osure has necessarily only presented a limted nunber of enbodi nents
of electron beamnelting furnaces according to the present disclosure, and
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skilled in the art that changes could be nmade to the enbodi nents above
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plasma electron emitter 700 or 700’ (referred to collectively as “700"). The steering
system for the focused electron field 702 of the auxiliary ion plasma electron emitter 700
may comprise a first magnetic and/or electric steering device 706 and a second
magnetic and/or electric steering device 708. The first steering device 706 may be
positioned on a first side of the focused electron field 702, and the second steering
device 708 may be positioned on a second side of the focused electron field 702. The
first and second steering devices 706 and 708 may be configured to generate a
magnetic and/or electric field therebetween that is translatable to direct the focused
electron field 702 in a desired direction. As a result, the first and second steering
devices 706 and 708 may be used to direct the focused electron field 702 to a desired
region or location within a vacuum chamber of a melting furnace. The steering system
can include additional steering devices such that the focused electron field 702 can be
directed in any suitable direction within the vacuum chamber. The exemplary steering
system illustrated in Fig. 11 can also be used to focus or further focus the focused

electron field 702.

[0082] Another non-limiting embodiment of a steering system for the focused
electron field 702 is schematically depicted in Fig. 12. In such an embodiment, the
steering system may comprise more than one steering device 710 positioned about the
focused electron field 702 (not illustrated in Fig. 12, but projecting in a path into and

generally perpendicular to the page). Similar to the first and second steering devices
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a hearth disposed in the vacuum chanber; at | east one ion plasm
electron emtter disposed in or adjacent the vacuum chanber and positioned
to directwea?2bivesesBi el d of el ectrons having a first cro®sTasctioonsis ar ea
into the vacuum chanber, the first field of electrons having sufficient
energy to heat the electrically conductive netallic material to its nelting

t enper at ur e; at |l east one of a nold and an at om zi ng appar at us
positioned to receive the electrically conductive-netallic material from
the hearth; and an auxiliary ion plasnma electron emtter disposed in

or adjacent the vacuum chanber and positioned to direct a second field of

| ect havi d - ' I [ h m chanber, th
Cecond 1108 a1 SRABRE OMSSREITAGECH T 19 B S5y SI0e B FEISE SRETGY heat
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melting tenperature, nelt any soljd condensate within the electrically
conduct i V8" HEEalMqre thaft Q”r‘?’a‘?'?/maf‘?dhﬁf‘otgfec?e?We%(‘fa"f%e‘r dgpiing dgyices ?(ﬁn‘h’?g
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the auxiretédnizd aiat RiRSNFONOLEIINAD By 28Nt e stiesrisd erRicabh diclds may beZusethi@
apparatus of claim1l furt].her, conpri si pﬁg at | east cgﬁr'lsg.fecfﬁer .cgpgf{?gured to
i nt r oduc@MUNSTID b rthe AtriabioiRh RSV eRstran 1grtas Sseped REE e SIPEE Gum
chanber diRcBoP0FiHel foBusBeeSle@tor! BAS70R. 1RBIISNT0Ake teh@mP%N bfeering system3of The
apparatus of claim?2, wherein the feeder and the at [ east Fne ioggﬁl asna

el ect r orf'én] t.t1B¢ eXPBPHNS pi5SERY SYStERae! Fide 12 CRRPITY B 4587 1IN 1B WG tt ed

by the abclLRstioqRedistthacmer®e ectron emtter at | east partially inpinges
on the electrically conductive netallic material introduced into the vacuum

chamber by t hgodagedarone WR-ZAlidh CRERBARRGT/ AS203040448%helting an elélctria'dllz
apparatus of claim ][ wherein the hearth includes a mgl ten nmaterial hol ding
regi on, SRREUGYEr BIERIh &FHema!t May nePeRiSeadn| s vere-giachnrae nan eb'@dfon

em tter gddrofl SRRRRAcaBighRat td eoducesh fob@ddd efecebrCAdI@NECIBdiht £#krbys-t he at
| east one ion plasna electron emtter at |east partially inpinges on the

nol t en PEEERNZAIPIREE diavijor @ dirginshape and a steering system configured to direct the
focused electron field to impinge on at least a portion of the electrically conductive

metallic material to melt any solid condensate or other solids therein. The focused
electron field may also be directed by the steering system onto the molten pool or other
regions of a forming or a solidifying ingot to advantageously influence solidification
kinetics of the ingot. In such a non-limiting embodiment, the apparatus may comprise a
wire electrode having a second shape and a cathode having a third shape. In at least
one embodiment, the first shape may be substantially similar to or the same as the
second shape and/or the third shape. The first shape of the cross-sectional profile of
the electron field may be substantially circular-shaped, triangular-shaped, rectangular-
shaped, square-shaped, elliptical-shaped, or ovate-shaped, for example, or may be any
other suitable shape. Thus, those of ordinary skill in the art will recognize that the first
shape of the cross-sectional profile of the focused electron field may be any shape
suitable for melting condensate, melting solids within the mel, melting unmelted
portions of metallic material within the melt, and/or heating the molten pool of the
solidifying ingot in a desired manner. If, for example, a focused electron field having a

substantially triangular-shaped cross-sectional profile is desired, the auxiliary wire-

-36 -



5. The apparatus of claim1, wherein the at |least one ion plasma electron
emtter conprises a plasma region including an el ectrode configured to

produce awpasitizs&@si on pl asna. 6. The apparat us @CTaisaémod494mher ei n
the el ectrode conprises a wire positioned along a portion of the plasma
regi on. 7. The apparatus of claimb5, wherein the at | east one ion

pl asma el ectron emtter further conprises a cathode region including a
cathode el ectrically connected to a high voltage power supply configured to
negatively charge the cathode, the cathode positioned relative to the

el ectrode so that positive ions generated by the el ectrode are accel erated

t oward |.npi n ode i-her at.i ' fi g rons
fromt h:é]g%daﬁ%e&je p%%&%?%ﬂwegﬁg%gb%%ufgkgp gc% gﬁ%&%ﬁﬁ%e!rr%rgu@ Lgﬁ%ﬁ east

one i on piraslkeatredestd/ona snbstartially tnargelarcbaped satbodd el ectron transmi ssive
foil wi ndow, the foil wi ndow positioned within a wall of the vacuum chanber

t her eby al | oWP@RA]t hin érier sen-fitnding epfbasliraenty thesion ipksme elaCepRMItiess eatfode to
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electrode) other than a wire-like anode. In such an embodiment, the anode may be an
electrically conductive thin plate, sheet, or foil configured to allow the focused electron
field emitted from the cathode to readily pass therethrough. In other embodiments, the
anode may comprise any other suitable configuration. The electrically conductive thin
plate, sheet, or foil anode may comprise any suitable shape such as substantially
circular-shaped, square-shaped, rectangular-shaped, triangular-shaped, elliptical-
shaped, ovate-shaped, or any other suitable shape. By providing an anode in these
various shapes, or other various shapes, the shapes of the cross-sectional areas or
profiles of the wide-area electron field and/or the focused electron field may be
controlled. For example, to create a focused electron field having a circular cross-
sectional shape, a circular thin plate, sheet, or foil anode may be used. In one non-
limiting embodiment, the cathode of the ion plasma electron emitter or the auxiliary ion
plasma electron emitter may also be comprised of any electrically conductive thin plate,
sheet, or foil of any suitable dimensions. This electrically conductive thin plate, sheet,
or foil of the cathode may comprise a similar shape as the shapes of the various anodes
discussed above. In one non-limiting embodiment, the shape of the cathode may work
in conjunction with the shape of the anode to produce a wide-area electron field or a
focused electron field having variously shaped cross-sectional areas or profiles.
Although the ion plasma electron emitters producing the wide-area electron fields are
discussed above with reference to an exemplary wire-discharge ion plasma electron
emitter, those of skill in the art will recognize that ion plasma electron emitters having
‘non-wire' or ‘non-straight wire’ anodes may be used and are within the scope of the

present disclosure.

[0085] Similar to the various wire-discharge ion plasma electron emitters
described above, various non-limiting embodiments of the auxiliary wire-discharge ion

- plasma electron emitters may include one or more elongate wire anodes configured to
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the cathode to a negative voltage greater than 20,000 volts. 10. The
apparatus of claiml1l, wherein the at | east one ion plasma electron emtter
opens i ntwotha/e2a@8um chanber so that the first field ofPCalusecamon®4say pass
directly fromthe at | east one ion plasma electron emtter into the vacuum
chanber w thout passing through an electron transm ssive wi ndow. WO

2011/ 025648PCT/ US2010/ 044944 11. The apparatus of claim1l, wherein
the apparatus is an electron beamcold hearth nelting furnace and the

el ectrically conductive netallic material is at |least one of a material
selected fromtitani um titaniumalloys, tungsten, niobium tantalum

plati nursEéo ald %géaltllg [a?r%ﬂgg)rgsn]\e{ '\991 eln feC Elgl;manéa(ﬁléﬁg at?ﬁjr%pﬂéeﬂyo% al ron,

iron ba cobdl t e al appar at us
of cl ai ma]hodmrer@nmatha fidld of smomwsisryseethr@ma(h eaﬁb@fqo;bse@]elefclrpstﬂefd)é'rl@i of

I
T aner arh orgel PEIC R0 85 B S eomienat LR RIS B el ons
[ Is | ar geneltdtato tehecs solhthctusass-widtn ttomaleltard® ebngdte vwescanedd malydaye
e t The f
ectr Onsltepgwaﬁhmgpglgn tpr}[ ﬁgeggégttﬁ%ﬁ/ gfr ]a%lr ﬂ#aw ?s*th ﬁé% erﬁelﬁes.io%e ,&)Iﬂ%ugh
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rect angul ar € % eéjuxﬁira(r)ys\%/i_rg%?stckg%%l ioR| p asrrla ¢lectron emitter may be constructed in
a way that is substantially the same or generally similar to that described above with
reference to the various wire-discharge ion plasma electron emitters. As such, the
above description of the various wire-discharge ion plasma electron emitters is
incorporated into the present description of the design of the auxiliary wire-discharge ion
plasma electron emitter. In addition, a description of the manner of construction and
operation of certain non-limiting embodiments of the auxiliary ion plasma electron

emitter according to the present disclosure follows.

[0086] As noted above, an auxiliary ion plasma electron emitter according to
the present disclosure may be configured to produce a focused electron field having
any suitable cross-sectional profile or shape such as, for example, a substantially
circular, square, rectangular, triangular, ovate, or elliptical shaped cross-sectional
profile, or another cross-sectional profile of any other suitable bounded shape. In
certain non-limiting embodiments, an auxiliary ion plasma electron emitter, such as an
auxiliary wire-discharge ion plasma electron emitter according to the present
disclosure may generate a field of electrons having a substantially rectangular-shaped
cross-sectional profile (see Figs. 13 and 14) or a substantially circular-shaped cross-
sectional profile (see Fig. 15). Referring to Fig. 13, an auxiliary ion plasma electron
emitter 802 may include an ionization or a plasma region, similar to plasma region 314
of Fig. 4, that includes a wire anode or an electrically conductive thin plate, sheet, or
foil anode 819 (together 819) configured to produce a cation-containing plasma, and a
cathode region, similar to cathode region 316 of Fig. 4, that includes a cathode 818.
The cathode 818 may have any suitable shape. The plasma region may be filled with

an ionizable gas at low pressure, and the gas may be ionized in the plasma region to

-38 -



15. The apparatus of claim1, further conprising a steering device for
steering the second field of electrons emtted fromthe auxiliary ion

pl asma elwotznorm2eqBt t er . 16. The apparatus of cl acmubs2omioeed n t he
second field of electrons is configured to be rastered to allow for at

| east one of the heating of the portion of the electrically conductive
netallic material to its nelting tenperature, the nelting of the solid
condensate within the electrically conductive netallic material, and the
provi ding heat to the regions of the form ng ingot. 17. The
apparatus of claim1l1l, wherein the auxiliary ion plasm electron emtter
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plasma region through an extraction grid, similar to extraction grid 326 of Fig. 4,
maintained at a high negative electrical potential, and accelerated through a high
voltage gap, similar to high voltage gap 328 of Fig. 4, into the cathode region, where
the cations in the plasma impact the cathode 818 maintained at a high negative
voltage. The cathode 818 may be, for example, a coated or uncoated metal or alloy.

In one non-limiting embodiment, the cathode 818 may comprise an insert having a
high meiting temperature and a low work function. A high voltage power supply, such
as the high voltage power supply 522 of Fig. 6, imparts a negative voltage greater

than 20,000 volts, for example, on the cathode 818.

[0087] impingement of helium cations onto the cathode 818 releases
secondary electrons from the cathode 818, thereby forming the focused electron field.
The high voltage gap accelerates the secondary electrons in a direction opposite the
direction of movement of the helium cations, through the extraction grid and into the
plasma region (through the electrically conductive plate, sheet or foil, if present), and
then through a thin metallic foil window, if present, similar to the thin metallic foil
window 329 of Fig. 4, made of material relatively transparent to electrons. As noted
above, depending on the relative gas pressures within the auxiliary electron emitter
and the melting furnace chamber, it may be possible to omit the electron-transmissive
window, in which case the electrons produced by the auxiliary electron emitter would

enter the melting furnace vacuum chamber directly.
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cathode is substantially circul ar-shaped to create a substantially

circul ar-shaped cross-sectional profile for the second field of el ectrons.
21. The appanatazse48f claim 19, wherein at | east one of wrhe/usk@osdde and
the cathode is substantially rectangul ar-shaped to create a substantially
rect angul ar-shaped cross-sectional profile for the second field of

el ectrons. 22. The apparatus of claim 19, wherein the auxiliary ion
pl asma el ectron emtter further conprises an electron transm ssive foi

wi ndow, the foil wi ndow positioned within a wall of the vacuum chanber

t hereby allowi ng the second field of electrons liberated fromthe cathode

to enter the [létﬁéé‘dl’ilrjnmé!ﬁ %Fin# Ec; Fﬁghg;pﬁ%dééhbnm mbodiment $3sitildfons

appar at us of ere conprises an I nsert having a
hi gh nelftamgh¢ empde &19r manrie acdetavatesk lo imprgd on.the cathode2d18 Thereghpar at us

o ook B DD e ) LR BB RPN ROV A Sl Lo
substantially rectangular-shaped. The rectangular-shaped or substantially
rectangular-shaped anode 819 and the cathode 818 may be designed and arranged to
better promote transmission of the positively charged helium ions to the cathode 818.
Also, the cathode 818 and the extraction grid may be designed and arranged to
maximize secondary electron transmission through the extraction grid and with a field
profile suitable for penetration through the electron-transmissive window, if present
(and the electrically conductive thin plate, sheet or foil anode, if present). The focused
field of energetic electrons exiting the auxiliary electron emitter 802 may be directed to
impinge on a target within the vacuum chamber of a melting furnace. Also, the
electron-transmissive window, if present, may be sized to be as thin as possible in
order to maximize electron transmission from the auxiliary ion plasma electron emitter
802. An aluminum-type or titanium-type foil having a thickness allowing sufficient
electron transmission, while also maintaining a soft vacuum environment within the
auxiliary ion plasma electron emitter 802, may be used as the foil window, if
necessary. Other suitably strong and acceptable electron transparent materials that
may be used as a window in the apparatus, if present, will be known to those having
ordinary skill in the art. As discussed generally herein, the window may be omitted if
the pressure difference between the interior of the auxiliary electron emitter 802 and

the vacuum chamber containing the target is not significant.

[0089] In one embodiment, referring to Fig. 14, an auxiliary ion plasma electron
emitter 902 may include certain features similar to those of the auxiliary ion plasma
electron emitter 802. The auxiliary electron emitter 902, however, includes a
rectangular-shaped or substantially rectangular-shaped wire anode or electrically
conductive thin plate, sheet, or foil anode (together 919) positioned within a plasma
region, and a rectangular-shaped or substantially rectangular-shaped cathode 918
within a cathode region. Positive ions from the anode 919 may be accelerated toward

the cathode 918 to create a focused electron field having a cross-sectional profile that
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25. The apparatus of claim1l1, wherein the auxiliary ion plasm el ectron
emtter opens into the vacuum chanber so that the second field of el ectrons
may pass worettd2ye48r om t he auxiliary ion plasma el ect r oRrCEMiS2a18/0449at 0 t he
vacuum chanber wi t hout passing through an electron transm ssive wi ndow. WO
2011/ 025648PCT/ US2010/ 044944 26. An apparatus for nelting an
electrically conductive netallic material, the apparatus conprising:. a
vacuum chanber; a hearth di sposed in the vacuum chanber; a nelting device
configured to nelt the electrically conductive netallic material; at

| east one of a nold and an atom zi ng apparatus positioned to receive nolten

el ectri Ci@' Lé'ct&r?d?ﬁéjrggﬂa\égd B} aédbisFan'f'iEﬁf rrle@tlangﬂlg%ﬁgﬁedqeaq{dt hb &ﬂﬁligured for
impingement on any condensate, solidified portions, or unmeilted portions of material
within the melt, and/or onto regions of a forming or solidifying ingot. The auxiliary
electron emitter 902 may also comprise a power supply configured to supply a positive
voltage to the anode 919. Although not illustrated, it will be understood that the
cathode 918 will be connected to a power supply configured to charge the cathode

918 to a high negative voltage.

[0090] In one embodiment illustrated in Fig. 15, an auxiliary electron emitter
1002 according to the present disclosure may include certain features similar to those
of the auxiliary electron emitters 802 and 902. The auxiliary electron emitter 1002,
however, includes a circular-shaped, or substantially circular-shaped, wire anode or
an electrically conductive thin plate, sheet, or foil anode (together 1019) positioned
within a plasma region and a circular-shaped, or substantially circular-shaped,
cathode 1018 positioned within a cathode region. Positive ions from the anode 1019
may be accelerated toward the cathode 1018 to create a focused electron field having
a cross-sectional profile that is circular-shaped or substantially circular-shaped and
configured for impingement on any condensate, solidified portions or unmelted
portions within the melt, and/or onto regions of a forming or solidifying ingot. The
auxiliary electron emitter 1002 may also comprise a power supply configured to supply
a positive voltage to the anode 1019. Although not illustrated, it will be understood
that the cathode 1018 will be connected to a power supply configured to charge the

cathode 1018 to a high negative voltage.

[0091] The power of the various auxiliary electron emitters according to the
present disclosure is dependent on the density of the cations produced by the anode
and the negative voltage of the cathode. The number of ions created during ionization
is dependent on the voltage applied to the anode (i.e., a higher voltage generates a
greater number of ions per unit time and increases the density of a produced electron
field), and the energy of the electrons within the focused electron field is dependent on
the negative voltage of the cathode. While not intending to be bound by any particular

theory, the inventor believes that melting condensate within the vacuum chamber will be
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an auxiliary ion plasma electron emtter disposed in or adjacent to the
vacuum chanber and positioned to direct a focused electron field having a
Cross- secwpDandl025648a i nt o t he vacuum chanber, the focusedTalSecoan4di el d
havi ng sufficient energy to at |east one of nelt portions of the

el ectrically conductive netallic material, nelt solid condensate within the
electrically conductive netallic material, and heat regions of a
solidifying ingot, wherein the focused electron field is steerable to
direct the focused electron field toward at | east one of the portions of
the electrically conductive netallic material, the solid condensate, and

t he solidifying ingot. 2/7.. Th ar at .0 i , ereln.t he
mel ting %8'5}% %&%%H%ansgeas fOé:tusiadegiggtr%rﬁgelﬁgﬁlvagaré%gvel g‘k r%gnv@%%e}te{']’eérlgﬁfbsn posed
in or adiasénant k&ecwrac euprgyhbatmrseahereposy bé dmidd residincedimaavaidelean ea
electron fjeld into t vacuum chanber., the w de-are lectro ield having
suffici e‘?‘ﬁ'{'%%%rrW'%nooﬂtz’gtvaf%memr%rcfgf FQy 88’6%%]1:3@:5%2) Er%t”g‘%'feldgb%ﬁ%eﬁ]leal to
its mel taongeheatpas Hbwee within the m@Bintd haothppergdrusf e \Acaiim @Gmiwdreridien t he
melting device conprises at |east one. therno-ionic electron be u

Cont i gure'e &t (13h DAL APBIE o SafieAd: eoLar oy ui Bt Bos Shtfhe: ne

el ectri cakky conductive netallic material to its nmelting tenperature.

29. An apparatus for nelting an electrically conductive netallic material,
t he appar at ugo@Igipr insarregnon-limiting @amtexdinéntaary apparapisdemmettingctr dactaodllyt er

configured to.produce a focused electron field including. a cross-segctional
rof | Do GagbRyBLRPIE: Melelpl 2RRE S 5 B e R, et

t he focuseduel @einitmn, theladmietingngevitgecdrfigurddoousied teé extdatirally icehdudiveat

| east a or# l1ic materi

ion of t electrjcall onduct i ve et al tq at
| cast oo e ARRErian, MePPRRTRIUSAnpD ARPCHITRIEE HAo w1 G5 1AM CoRfiER ve
et al | i capppatans,adnd Brldtomimng appatatenidessanenivatidn with hiee elaeatimi crednhyer
Fﬁgg? ?t Ia\f)% H‘S"éi |<|3r!eldc tom%ctageri\l/ealn’loltaeﬁfj ePerc chIa )? c%%%ct'fv% rﬂw%ge{lllocn%a%riaq ffrgnrw r’rtlhgg
hearth. The apparatus may comprise an auxiliary ion plasma electron emitter disposed
in or adjacent to the vacuum chamber and positioned to direct a focused electron field
having a cross-sectional area into the vacuum chamber. The focused field of electrons
may have sufficient energy to at least one of melt or re-melt portions of the electrically
conductive metallic material, melt solid condensate within the electrically conductive
metallic material, and heat regions of a solidifying ingot when directed toward the
electrically conductive material, the solid condensate, and the regions of a solidifying
ingot using a steering device or system. In one non-limiting embodiment, the melting
device comprises at least one ion plasma electron emitter disposed in or adjacent the
vacuum chamber and positioned to direct a wide area electron field into the vacuum
chamber. The wide-area electron field may have sufficient energy to heat the
electrically conductive metallic material to its melting temperature. In another non-
limiting embodiment, the melting device may comprise at least one thermo-ionic
electron beam gun configured to emit an electron beam having sufficient energy to heat

the electrically conductive metallic material to its melting temperature.

[0093] In one non-limiting embodiment, the auxiliary ion plasma electron
emitters may be used with a melting furnace including one or more thermo-ionic

electron beam guns. In view of the fact that a melting furnace using thermo-ionic
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30. The apparatus of claim 29, further conprising an el ectrode having a
second shape and a cathode having a third shape, wherein the first shape is
subst ant iaDI2g11g2Ré4B8ar to at | east one of the second shapeTarsdomwiesouhi r d
shape. 31. The apparatus of claim?29, wherein the first shape is one
of substantially circul ar-shaped and substantially rectangul ar-shaped.

32. The apparatus of claim31l, wherein the auxiliary ion plasma el ectron
emtter conprises a substantially circul ar-shaped el ectrode and a
substantially circul ar-shaped cat hode configured to produce the focused
electron field having the substantially circular-shaped cross-sectional

profile. electron bedr: J&eg&{g?é‘l 52 Yachl rﬂ'Jﬂaﬁber"f‘ﬂ@fn g?&%u?é‘ﬁ'ldﬁh% ef ¢ on

pl asma el ectron em er i s a substantial | ngul ar-s ape
el ect r od@.@ando0 atOShbst(b@ftthIHq) to 861 420a)) marsmawdum@ﬂmd@ltmrfwwewmgo

produce e v S
rect angu%}gﬁ)}é apecjé%t@(l;sés:fwtl Stgf:ét{oﬁaﬂr%goﬁcelglg%égt%rm I@ﬁt(é%bg t Ro& ot ""e®
pr ocessi grgaterntitaer iQ0L (40P ayet Ao deledtnyy itsinagissive foil, i suahodscitimy electetrer i al
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melting devices regardless of the operating pressure of the melting furnace. In various
embodiments, any suitable number of auxiliary ion plasma electron emitters can be

used in one melting furnace.

[0094] In one non-limiting embodiment, a method of generating an electron
field to melt an electrically conductive material within a melting furnace is provided. The
method may comprise providing an anode having a first non-linear shape, applying a
voltage to the anode, and producing a plasma containing positive cations at the anode.
The term “non-linear shape” can mean a shape other than a straight line or a
substantially straight line. The term “non-linear shape” can also mean having a shape
other than the shape of the various electrodes discussed above, such as the elongate
wire electrode 516, for example. The method may further comprise providing a cathode
having a second shape, positioning the cathode relative to the anode, and applying a
voltage to the cathode. The voltage may be configured to negatively charge the
cathode. The method may further comprise accelerating the positive cations toward the
cathode to generate free secondary electrons, and forming the electron field using the
free secondary electrons. The electron field may have a cross-sectional profile with a
third shape. The third shape of the electron field may correspond to the first non-linear
shape of the anode and/or the second shape of the cathode. In one embodiment, the
third shape of the electron field may be substantially the same as the first non-linear
shape of the anode and/or the second shape of the cathode. In various embodiments,

the anode may comprise an electrically conductive elongate wire anode, an electrically
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second ion plasma electron emtter; and subjecting at | east one of any
solid condensate within the material, any solidified portions of the

mat er i al ,warrdiwvegi4dns of a solidifying ingot to the seceqd/tsc@otonodns fiel d,
using a steering system to nelt or heat at |east one of the solid
condensate, the solidified portions, and the regions of the solidifying

I ngot, wherein the first cross-sectional area of the first electron field
is different than the second cross-sectional area of the second el ectron
field. 35. The nethod of clain134, wherein the material conprises at
| east one of titanium titaniumalloys, tungsten, niobium tantalum

plati nur@on@ﬁ{:tk\%dlﬂjﬂm }J %%BB Map! ee%&rt%mly "Hoﬂﬁﬁénvemﬂﬁg%h&gs%%é Oé'rs nl ron,

i ron base a coba ase od of
claim 34alecftu¢alllye:|ondmtweltbmrﬁgi anode. formng a casting or a powder from t he
materi al subsequent to or sinultaneous with subjecting the material to at

| east the f i (895 elotm@mdn-'éhldﬂg embodimegt, a Meghaseelisecessing amateia! mayr t her

conpr i Si g orise lﬂtl‘od L?Oglrlr%lt&gal%ton{ ?x@?\tg ANEadRE Lt LALY aﬁ@@%&dllﬁal@t erial

sel ecte romt consi st i I’l tanium titanium al oys tungst en,
ni obi umintoamfurhaey c'parabqerrmmntapmd ada dow pzessgmwr&mveu toj AIMPEPheNCR@SSUTR ckel
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plasma electron emitter. The material within the furnace chamber may then be
subjected to the first electron field to heat the material to a temperature above a melting
temperature of the material. The method may also comprise generating a second
electron field having a second cross-sectional area using a second ion plasma electron
emitter. At least one of solid condensate within the material, solidified portions of the
material, and regions of a solidifying ingot may be subjected to the second electron
field, using a steering device, to melt or heat the particular target. Also, the first cross-
sectional area of the first electron field may be larger or otherwise different than the
second cross-sectional area of the second electron field. The pressure within the first
ion plasma electron emitter and the second ion plasma electron emitter may be
maintained at the same or substantially the same pressure as exists within the furnace
chamber. In other non-limiting embodiments, the pressure within the furnace chamber
may be maintained at a pressure less than a pressure within the first ion plasma

electron emitter and the second ion plasma electron emitter, for example.

[0096] In another non-limiting embodiment, a method of processing a material
may comprise introducing a material comprising at least one of a metal and a metallic
alloy into a furnace chamber maintained at a low pressure relative to atmospheric
pressure and subjecting the material within the furnace chamber to a melting device
configured to heat the material to a temperature above a melting temperature of the
material. The method may also comprise generating a focused electron field using an
auxiliary ion plasma electron emitter and subjecting at least one of any condensate
within the material, any solidified portions of the material, and regions of a forming or
solidifying ingot to the focused electron field, using a steering device, to meit or heat at

least one of the condensate, the solidified portions, and the regions of the forming or
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optionally adding at |east one alloying additive to the material; and
formng a casting or a powder fromthe materi al subsequent to or

si mul t anew00mW/2be48ubj ecting the material to the first eCeasean/ofioed d.

38. The nethod of claim 34, further conprising maintaining a pressure
within the first ion plasnma electron emtter and the second ion plasma
electron emtter which is substantially the sane as a pressure within the
furnace chanber. 39. The nethod of claim 34, further conprising
mai ntaining a pressure within the furnace chanber which is | ower than a
pressure within the first ion plasma electron emtter and the second ion

pl asma eécﬁlﬁrr%ﬂg tFnevamous non-linfth J Socﬁﬁ%ﬂ od yf m%ln?wg g@ernt%; L8Rbrise

conpri si ng tainin pressure f urnace reater than
40 j.i t® l@l@shoeaéf@ermo lemcmlera\m tmdegw abhideas) gperen pleamasieci@namiter.
elements fromthe material during heating of the material in the furnace
chanber . [009741. Tnestiteethed nen- hm@ww@odmmaﬁea fﬁ%‘ﬁﬁﬁl@l PIGCABIIMA & ni ng

a press %}p@p r ;;Jgagtp t al or
elim natwggtun Feéﬂla I e es\%a%%%gatl n o%r (;e?é]cﬁrrgnef rrents Af%orr‘?? egércgi?é?'l al
duri ng hwatiemavistg a fiest pheee ivaingi an @mh&wm@@smaa%@ron emitter angzsteqring
met hod qfe GbAsBl ecthalef] £ Hpthdd hakolLITERTh (RPN HEMaflrial Bfd Fidist

or heat at least one of any solid condensate within the material, any solidified portions of
the material, and/or regions of a forming or solidifying ingot. The method may also
comprise generating the focused electron field using an electrode having a second
shape and a cathode having a third shape, wherein the first shape is substantially
similar to the second shape and/or the third shape. In one non-limiting embodiment, the
generated focused electron field emitted from the auxiliary ion plasma electron emitter
may have one of a substantially circular-shaped cross-sectional profile and a
substantially rectangular-shaped cross-sectional profile. Such focused electron fields
may be generated using a substantially circular-shaped electrode or anode and a
substantially circular-shaped cathode or a substantially rectangular-shaped electrode or

anode and substantially rectangular-shaped cathode, for example.

[0098] Although the foregoing description has necessarily presented only a
limited number of embodiments, those of ordinary skill in the relevant art will appreciate
that various changes in the apparatus and methods and other details of the examples
that have been described and illustrated herein may be made by those skilled in the art,
and all such modifications will remain within the principle and scope of the present
disclosure as expressed herein and in the appended claims. For example, although the
present disclosure has necessarily only presented a limited number of embodiments of
electron beam melting furnaces according to the present disclosure, and also has
necessarily only discussed a limited number of ion plasma electron emitter and auxiliary
ion plasma electron emitter designs, it will be understood that the present disclosure
and associated claims are not so limited. Those having ordinary skill, upon considering
the present disclosure, will readily identify additional ion plasma electron emitter and

auxiliary ion plasma electron emitter designs and may comprehend additional furnace
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electron field is larger than the second cross-sectional area of the second
el ectron field. 43. The nethod of claim 34, further conprising

rast eri ngwohetligesa@sd el ectron field over one of the sol PdTasaadensaue, the
solidified portions, and the regions of the solidifying ingot to nelt or
heat one of the solid condensate, the solidified portions, and the regions
of the solidifying ingot. 44. The nethod of claim 34, further
conprising directing the second electron field towards one of the solid
condensate, the solidified portions, and the regions of the solidifying

i ngot using a magnetic steering system 45. The nethod of clai m 34,
wherein e e 0 i

Gircul arderaBe A Fe T A iy 178, IR OF R TISORLAY firi¥ number of

r ect anguérabodmaptsddissusssd Setstn. ohw unrres$tpp@. therefore, thabthepragaridavestion is
processing ﬂpﬁ?& &5 14AL pérn(?ulgﬁate%%fjwiﬂgé'cﬁéd’&ed or m«iorbcﬂgfe%d\’\g}er}g Butmpt eri al
conprising at Ieast a met al l'oy Into a furnace
chanber inindeditn edveitmadlfl@mps 58 are Mtélramr%\mlﬂt:@lea@mﬂﬁm picthprieentie,

as defined by the claims. It will also be appreciated by those skilled in the art that
changes could be made to the embodiments above without departing from the broad

inventive concept thereof.
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subjecting the material wthin the furnace chanber to a nelting device
configured to heat the material to a tenperature above a nelting

t emrper at Wwe 20f1/2b@smat eri al ; generating a focused el ect pom/Use@bm44984 ng an
auxiliary ion plasma electron emtter; and subjecting at | east one of
any solid condensate within the material, any solidified portions of the
material, and regions of a solidifying ingot to the focused electron field,
WO 2011/ 025648PCT/ US2010/ 044944 using a steering system to nmelt or heat at
| east one of the solid condensate, the solidified portions, and the regions
of the solidifying ingot, 47. The nethod of claim46, wherein the
nmelting device conprises at |east one therno-ionic electron beam gun
configured to enmit an el ectron beamCLAIMS  48. The nethod of clai m 46,
wherein the nelting device conprises at |east one ion plasnma el ectron

emtter. _ ) )
What is claimed is:

1. An apparatus for melting an electrically conductive metallic material, the
apparatus comprising:

a vacuum chamber;

a hearth disposed in the vacuum chamber;

at least one ion plasma electron emitter disposed in or adjacent the vacuum
chamber and positioned to direct a first field of electrons having a first cross-sectional
area into the vacuum chamber, the first field of electrons having sufficient energy to
heat the electrically conductive metallic material to its melting temperature;

at least one of a mold and an atomizing apparatus positioned to receive the
electrically conductive metallic material from the hearth; and

an auxiliary ion plasma electron emitter disposed in or adjacent the vacuum
chamber and positioned to direct a second field of electrons having a second cross-
sectional area into the vacuum chamber, the second field of electrons having sufficient
energy to at least one of heat portions of the electrically conductive metallic material to
at least its melting temperature, melt any solid condensate within the electrically
conductive metallic material, and provide heat to regions of a forming ingot, wherein the
first cross-sectional area of the first field of electrons is different than the second cross-
sectional area of the second field of electrons, and wherein the second field of electrons

emitted by the auxiliary ion plasma electron emitter is steerable.

2. The apparatus of claim 1, further comprising at least one feeder
configured to introduce the electrically conductive metallic material into the vacuum

chamber in a position over at least a region of the hearth.

3. The apparatus of claim 2, wherein the feeder and the at least one ion
plasma electron emitter are disposed so that the first field of electrons emitted by the at
least one ion plasma electron emitter at least partially impinges on the electrically

conductive metallic material introduced into the vacuum chamber by the feeder.

-47 -



49. A nethod of processing a material, conprising: generating a
focused electron field including a cross-sectional profile having a first
shape usiwg@2an/@sd8l i ary ion plasma el ectron emtter; amdT/US2010/0449u€eri ng
the focused electron field to inpinge the focused electron field on the
material and nelt or heat at |east one of any solid condensate within the
material, any solidified portions of the material, and regions of a
solidifying ingot. 50. The nethod of claim49, further conprising
generating the focused electron field using an el ectrode having a second
shape and a cat hode having a third shape, wherein the first shape is

substantial sj m ! %Ellﬁ %@%E tL&%ﬂ:laﬂﬁe\ %Egé]ﬁ € Qﬁ.’h %Q‘Mbeesaé“{‘n&ééﬂ thBiekids

shape. Foa "o furt si ng generating the
f ocused tmuéiog memorf\ i ﬁmhmlm@ed‘mertbfanaj thelas teast Drad} on' Iﬁwm@lle&rd@h@p@ﬂef

Cross-sSeg seBrs%f f F thaenﬂsfaf@ﬁ % te%l:tn'oﬂg ler{tgg Tbgrfﬂs rargFeaI%P%HE qlon glasma

cross- seCi | rofl e usi Irary el ectron
52. The e‘red:tlmderofttec latalem;tEpla,ma‘Hunmh@lges omﬂne mOhgn geteiebpllina flegiohocused
electron field using a substantially circul ar-shaped el ectrode and a

substanti al |y cireylay r?gr g{ﬂi’@@f %%‘irhofj%herem the aﬁaeas-'f%er%%hﬁgsr% dib@igm 51,

further conprising ge Ing the focused electron field using a
subst antéraittey coaeriaey @ alesskamaiorelinatuding @nagl@ciedss canfiguigd Yo produce a

rect angyl Ak 8haPgdsmat hode.

6. The apparatus of claim 5, wherein the electrode comprises a wire

positioned along a portion of the plasma region.

7. The apparatus of claim 5, wherein the at least one ion plasma electron
emitter further comprises a cathode region including a cathode electrically connected to
a high voltage power supply configured to negatively charge the cathode, the cathode
positioned relative to the electrode so that positive ions generated by the electrode are
accelerated toward and impinge on the cathode, liberating the first field of electrons

from the cathode.

8. The apparatus of claim 7, wherein the at least one ion plasma electron
emitter further comprises an electron transmissive foil window, the foil window
positioned within a wall of the vacuum chamber thereby allowing the first field of
electrons liberated from the cathode to enter the vacuum chamber through the foil
window.

9. The apparatus of claim 7, wherein the high voltage power supply powers

the cathode to a negative voltage greater than 20,000 volts.

10.  The apparatus of claim 1, wherein the at least one ion plasma electron
emitter opens into the vacuum chamber so that the first field of electrons may pass
directly from the at least one ion plasma electron emitter into the vacuum chamber

without passing through an electron transmissive window.

-48 -



WO 2011/ 025648PCT/ US2010/ 044944 54. A nethod of generating an
electron field to nelt an electrically conductive material within a nelting
furnace, wbeomakbad conpri si ng: providi ng an anode havi RGTAISRO10DY4944
non-|inear shape; applying a voltage to the anode; producing a plasnma
containing positive cations at the anode; providing a cathode having a
second shape; positioning the cathode relative to the anode;

11.  The apparatus of claim 1, wherein the apparatus is an electron beam cold
hearth melting furnace and the electrically conductive metallic material is at least one of
a material selected from titanium, titanium alloys, tungsten, niobium, tantalum, platinum,

palladium, zirconium, iridium, nickel, nickel base alloys, iron, iron base alloys, cobalt,

and cobalt base alloys.

12.  The apparatus of claim 1, wherein the first cross-sectional area of the first

field of electrons is a wide-area electron field.

13.  The apparatus of claim 1, wherein the first cross-sectional area of the first

field of electrons is larger than the second cross-sectional area of the second field of

electrons.

14.  The apparatus of claim 1, wherein the second cross-sectional area of the
second field of electrons comprises one of a substantially circular-shaped cross-

sectional profile and a substantially rectangular-shaped cross-sectional profile.

15.  The apparatus of claim 1, further comprising a steering device for steering

the second field of electrons emitted from the auxiliary ion plasma electron emitter.

16. The apparatus of claim 1, wherein the second field of electrons is
configured to be rastered to allow for at least one of the heating of the portion of the
electrically conductive metallic material to its melting temperature, the melting of the
solid condensate within the electrically conductive metallic material, and the providing

heat to the regions of the forming ingot.

17.  The apparatus of claim 1, wherein the auxiliary ion plasma electron emitter
comprises a plasma region including an electrode configured to produce a positive ion

plasma.

18. The apparatus of claim 17, wherein the electrode comprises a wire
positioned within the plasma region proximate to an end of the vacuum chamber

opposite from a feeder configured to introduce the electrically conductive metallic
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applying a voltage to the cathode, wherein the voltage is configured to
negatively charge the cathode; accel erating the positive cations
toward t hwocatios@st o generate free secondary el ectronsPCa$2010/044944 f or m ng
the electron field using the free secondary el ectrons, the electron field
havi ng a cross-sectional profile with a third shape, wherein the third

shape corresponds to the first non-linear shape of the anode. 55.

The net hod of claimb54, wherein the third shape of the electron field
corresponds to the second shape of the cathode. 56. The net hod of
cLa|n155 wherein the third shape of the electron field is substantially
the sane _as .t he cond shape t he & d of claim
54, wher&f ”?H@kﬁﬁgagmégﬂﬁﬁ?mggng % Q%raﬂeaaza 2&¥}%Ea @gnductlve

thin plate, an electrically conductive th| n sheet and an el ectr| cally
conductive tHPn f dihe. apparatus of claim 17, wherein the aux:hary ion plasma electron

emitter further comprises a cathode region including a cathode electrically connected to
a high voltage power supply configured to negatively charge the cathode, the cathode
positioned relative to the electrode so that positive ions generated by the electrode are

accelerated toward and impinge on the cathode, liberating the second field of electrons

from the cathode.

20. The apparatus of claim 19, wherein at least one of the electrode and the
cathode is substantially circular-shaped to create a substantially circular-shaped cross-

sectional profile for the second field of electrons.

21. The apparatus of claim 19, wherein at least one of the electrode and the
cathode is substantially rectangular-shaped to create a substantially rectangular-shaped

cross-sectional profile for the second field of electrons.

22. The apparatus of claim 19, wherein the auxiliary ion plasma electron
emitter further comprises an electron transmissive foil window, the foil window
positioned within a wall of the vacuum chamber thereby allowing the second field of

electrons liberated from the cathode to enter the vacuum chamber through the foil

window.

23. The apparatus of claim 19, wherein the cathode comprises an insert

having a high melting temperature and a low work function.

24.  The apparatus of claim 19, wherein the high voltage power supply powers

the cathode to a negative voltage greater than 20,000 volts.

25.  The apparatus of claim 1, wherein the auxiliary ion plasma electron emitter
opens into the vacuum chamber so that the second field of electrons may pass directly
from the auxiliary ion plasma electron emitter into the vacuum chamber without passing

through an electron transmissive window.
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26. An apparatus for melting an electrically conductive metallic material, the
apparatus comprising:

a vacuum chamber;

a hearth disposed in the vacuum chamber;

a melting device configured to melt the electrically conductive metallic material;

at least one of a mold and an atomizing apparatus positioned to receive molten
electrically conductive metallic material from the hearth; and

an auxiliary ion plasma electron emitter disposed in or adjacent to the vacuum
chamber and positioned to direct a focused electron field having a cross-sectional area
into the vacuum chamber, the focused electron field having sufficient energy to at least
one of melt portions of the electrically conductive metallic material, melt solid
condensate within the electrically conductive metallic material, and heat regions of a
solidifying ingot, wherein the focused electron field is steerable to direct the focused
electron field toward at least one of the portions of the electrically conductive metallic

material, the solid condensate, and the solidifying ingot.

27. The apparatus of claim 26, wherein the melting device comprises at least
one ion plasma electron emitter disposed in or adjacent the vacuum chamber and
positioned to direct a wide-area electron field into the vacuum chamber, the wide-area
electron field having sufficient energy to heat the electrically conductive metallic material

to its melting temperature.

28. The apparatus of claim 26, wherein the melting device comprises at least
one thermo-ionic electron beam gun configured to emit an electron beam having

sufficient energy to heat the electrically conductive metallic material to its melting

temperature.

29. An apparatus for melting an electrically conductive metallic material, the

apparatus comprising:
an auxiliary ion plasma electron emitter configured to produce a focused electron

field including a cross-sectional profile having a first shape; and
a steering system configured to direct the focused electron field to impinge the
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focused electron field on at least a portion of the electrically conductive metallic material
to at least one of melt any solidified portions of the electrically conductive metalilic
material, melt any solid condensate within the electrically conductive metallic material,

and provide heat to regions of a forming ingot.

30. The apparatus of claim 29, further comprising an electrode having a
second shape and a cathode having a third shape, wherein the first shape is

substantially similar to at least one of the second shape and the third shape.

31. The apparatus of claim 29, wherein the first shape is one of substantially

circular-shaped and substantially rectangular-shaped.

32. The apparatus of claim 31, wherein the auxiliary ion plasma electron
emitter comprises a substantially circular-shaped electrode and a substantially circular-
shaped cathode configured to produce the focused electron field having the

substantially circular-shaped cross-sectional profile.

33. The apparatus of claim 31, wherein the auxiliary ion plasma electron
emitter comprises a substantially rectangular-shaped wire electrode and a substantially
rectangular-shaped cathode configured to produce the focused electron field having the

substantially rectangular-shaped cross-sectional profile.

34. A method of processing a material, the method comprising:

introducing a material comprising at least one of a metal and a metallic alloy into
a furnace chamber maintained at a low pressure relative to atmospheric pressure;

generating a first electron field having a first cross-sectional area using at least a
first ion plasma electron emitter;

subjecting the material within the furnace chamber to the first electron field to
heat the material to a temperature above a melling temperature of the material;

generating a second electron field having a second cross-sectional area using a
second ion plasma electron emitter; and

subjecting at least one of any solid condensate within the material, any solidified
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portions of the material, and regions of a solidifying ingot to the second electron field,
using a steering system, to melt or heat at least one of the solid condensate, the
solidified portions, and the regions of the solidifying ingot, wherein the first cross-

sectional area of the first electron field is different than the second cross-sectional area

of the second electron field.

35. The method of claim 34, wherein the material comprises at least one of
titanium, titanium alloys, tungsten, niobium, tantalum, platinum, palladium, zirconium,

iridium, nickel, nickel base alloys, iron, iron base alloys, cobalt, and cobalt base alloys.

36. The method of claim 34, further comprising:
forming a casting or a powder from the material subsequent to or simultaneous

with subjecting the material to at least the first electron field.

37.  The method of claim 34, further comprising:

introducing at least one electrically conductive material selected from the group
consisting of titanium, titanium alloys, tungsten, niobium, tantalum, platinum, palladium,
zirconium, iridium, nickel, nickel base alloys, iron, iron base alloys, cobalt, and cobalt

base alloys into the furnace chamber;
optionally adding at least one alloying additive to the material; and
forming a casting or a powder from the material subsequent to or simultaneous

with subjecting the material to the first electron field.

38. The method of claim 34, further comprising maintaining a pressure within
the first ion plasma electron emitter and the second ion plasma electron emitter which is

substantially the same as a pressure within the furnace chamber.

39. The method of claim 34, further comprising maintaining a pressure within
the furnace chamber which is lower than a pressure within the first ion plasma electron

emitter and the second ion plasma electron emitter.

40. The method of claim 34, further comprising maintaining a pressure within

the furnace chamber greater than 40 1 to decrease or eliminate undesirable evaporation
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of volatile elements from the material during heating of the material in the fumace

chamber.

41.  The method of claim 34, further comprising maintaining a pressure within
the furnace chamber greater than 300 p to decrease or eliminate undesirable

evaporation of volatile elements from the material during heating of the material in the

furnace chamber.

42. The method of claim 34, wherein the first cross-sectional area of the first

electron field is larger than the second cross-sectional area of the second electron field.

43. The method of claim 34, further comprising rastering the second electron
field over one of the solid condensate, the solidified portions, and the regions of the
solidifying ingot to melt or heat one of the solid condensate, the solidified portions, and

the regions of the solidifying ingot.

44.  The method of claim 34, further comprising directing the second electron
field towards one of the solid condensate, the solidified portions, and the regions of the

solidifying ingot using a magnetic steering system.

45.  The method of claim 34, wherein the second electron field has one of a
substantially circular-shaped cross-sectional profile and a substantially rectangular-

shaped cross-sectional profile.

46. A method of processing a material, the method comprising:

introducing a material comprising at least one of a metal and a metallic alloy into
a furnace chamber maintained at a low pressure relative to atmospheric pressure;

subjecting the material within the furnace chamber to a melting device configured
to heat the material to a temperature above a melting temperature of the material;

generating a focused electron field using an auxiliary ion plasma electron emitter;
and

subjecting at least one of any solid condensate within the material, any solidified

portions of the material, and regions of a solidifying ingot to the focused electron field,
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using a steering system, to melt or heat at least one of the solid condensate, the
solidified portions, and the regions of the solidifying ingot.

47. The method of claim 46, wherein the melting device comprises at least

one thermo-ionic electron beam gun configured to emit an electron beam.

48. The method of claim 46, wherein the meiting device comprises at least

one ion plasma electron emitter.

49. A method of processing a material, comprising:

generating a focused electron field including a cross-sectional profile having a
first shape using an auxiliary ion plasma electron emitter; and

steering the focused electron field to impinge the focused electron field on the
material and melt or heat at least one of any solid condensate within the material, any

solidified portions of the material, and regions of a solidifying ingot.

50. The method of claim 49, further comprising generating the focused
electron field using an electrode having a second shape and a cathode having a third

shape, wherein the first shape is substantial similar to at least one of the second shape

and the third shape.

51. The method of claim 49, further comprising generating the focused
electron field having one of a substantially circular-shaped cross-sectional profile and a
substantially rectangular-shaped cross-sectional profile using the auxiliary ion plasma

electron emitter.

52.  The method of claim 51, further comprising generating the focused

electron field using a substantially circular-shaped electrode and a substantially circular-

shaped cathode.

53. The method of claim 51, further comprising generating the focused

electron field using a substantially rectangular-shaped electrode and substantially

rectangular-shaped cathode.
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54. A method of generating an electron field to melt an electrically conductive
material within a melting furnace, the method comprising:

providing an anode having a first non-linear shape;

applying a voltage to the anode;

producing a plasma containing positive cations at the anode;

providing a cathode having a second shape;

positioning the cathode relative to the anode;

applying a voltage to the cathode, wherein the voltage is configured to negatively

charge the cathode;
accelerating the positive cations toward the cathode to generate free secondary

electrons; and
forming the electron field using the free secondary electrons, the electron field

having a cross-sectional profile with a third shape, wherein the third shape corresponds

to the first non-linear shape of the anode.

55. The method of claim 54, wherein the third shape of the electron field

corresponds to the second shape of the cathode.

56. The method of claim 55, wherein the third shape of the electron field is

substantially the same as the second shape of the cathode.

57. The method of claim 54, wherein the anode comprises one of a wire, an
electrically conductive thin plate, an electrically conductive thin sheet, and an electrically

conductive thin foil.

58. The method of claim 54, wherein the third shape of the electron field is

substantially the same as the first non-linear shape of the anode.
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