FUEL CELL OPERATED WELDER The invention relates to the art of welding with

an electric arc and nore particularly to an arc welder that is powered by a
fuel efficient and portabl e power source, and even nore particularly to an
arc welder that is at least partially powered by a fuel cell. | NCORPORATI ON
BY REFERENCE The present invention incorporates the use of fuel cells of the

gener al type described in United States Letters Patent Nos. ' 5,599, 638;
5, 656, 388;' 5,773, 162;' 5, 7TBYELIGELE, @BERAGED IWELDER)23 806; and PCT Pat ent

licati 98/ 298 9/ 16 9 9841.
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Arc welders are typically powered by plugging the arc welding into an electrical outlet or
having the arc welder equipped with a gas powered electric generator. Arc welders that are designed
to receive power from an electric outlet are limited to use in a location that has an electric outlet
which is rated to supply the needed current for operation of the arc welder. Operators of such arc
welders need extension cords to increase the mobility of such arc welders. When the arc welder is

used in a remote location or in a location that is not readily accessible to a power outlet or a power
outlet having a needed current rating, the arc welder must be equipped with its own power source,
such as a gas electric generator, to supply the required current to the arc welder. The gas generator
is typically designed to be powered by a standard petroleum fuel source such as gasoline. In many
operational environments, these two power source arrangements for arc welders are sufficient to
satisfy the power demands of the arc welder.

Arc welders that are used in remote locations that are partially or totally enclosed or are not

well ventilated may require special equipment during the welding operation. In such locations, a gas
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wel | ventilated may require special equipnment during the wel ding operation.
In such locations, a gas 1 powered electric generator is used to supply

power to the arc welder. During the operation of the gas powered generator,
exhaust funmes are produced which can be unhealthy if breathed in sufficient
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environmental concern. In addition, many batteries require concentrated acids which can be harmful
if such acid fumes are breathed in or if the acid cbntacts human skin. The acid is also an
environmental pollutant requiring special and costly disposal. Solar power is another power source
which is not feasible for use with an electric arc welder. The size of the solar panels necessary to
generate the required amount of power are too large to use, especially in small environments.
Furthermore, the solar panels require sunlight, thus on cloudy days or in enclosed environments, the
solar battery will not produce the needed electric pbwer. Solar power panels are also very expensive
thereby making them cost prohibitive for use with arc welders. Wind powered generators are also
not feasible due to their bulky construction and need for a consistent wind source. The bulkiness of
batteries, solar panels, and wind powered generators compound the size lproblems of the arc welder.

The electric circuitry in the welder is limited to a certain size by the power demands of the arc
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t her eby nmaking them cost prohibitive for use with arc welders. Wnd powered
generators are also not feasible due to their bul ky construction and need
for a consistent wind source. The bul ki ness of batteries, solar panels, and
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another embodiment, the fuel cell is an "indirect” or "reformer” fuel cell or a "direct oxidation" fuel

cell. In an indirect fuel cell, the fuel is catalytically reformed and processed. For organic fuels, the

fuel is catalytically reformed and processed into carbon monoxide-free hydrogen, with the hydrogen

so obtained oxidized at the anode of the fuel cell. In a direct oxidation fuel cell, the fuel is directly

fed into the fuel cell without any previous chemical modification where the fuel is oxidized at the
anode. Direct oxidation fuel cells do not require a fuel processing stage. As aresult, direct-oxidation

fuel cells are generally less complicated and are smaller in size than indirect fuel cells.

In accordance with another aspect of the present invention, the fuel cell includes
high-surface-area electro-catalytic anodes and/or cathodes. In one embodiment, the fuel cell anode
and/or cathode fabrication includes a high surface-area carbon-supported metal powder. In one
aspect of this embodiment, alloy powder combined with a TEFLON binder is applied to a carbon

fiber-based support to yield a gas diffusion anode and/or cathode. In another embodiment, the anode
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anode. Direct oxidation fuel cells do not require a fuel processing stage.
As a result, direct oxidation fuel cells are generally |ess conplicated and
are smaller in size than indirect fuel cells. In accordance w th another
aspect of the present invention, the fuel cell includes high-surface-area
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In accordance with another aspect of the present invention, a liquid fuel is used in the fuel

cell. In one embodiment, the liquid fuel undergoes clean and efficient electro-chemical oxidation
within the fuel cell. For direct oxidation fuel cells, the efficient utilization.pf organic fuels is
governed by the ease by which the organic compounds are anodically oxidized within the fuel cell.
In one embodiment, the organic fuel includes methanol, formaldehyde, formic acid,
trimethoxymethane, dimethoxymethane and/or trioxane.

In accordance with yet another aspect of the present invention, the fuel cell is a direct type
liquid feed fuel cell which does not require an acid electrolyte. In one embodiment, a solid polymer
electrolyte membrane is used to eliminate the need for the acid electrolyte. In another embodiment,
the solid polymer electrolyte membrane is used in combination with a battery-type anode that is

porous and is capable of wetting the fuel. In still another embodimient, a battery-type anode structure
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cell. In one enbodinent, the liquid fuel undergoes clean and efficient

el ectro-chem cal oxidation wthin the fuel cell. For direct oxidation fuel
cells, the efficient utilization of organic fuels is governed by the ease
by whi ch the organic conpounds are anodically oxidized within the fuel cell.
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an acidic electrolyte. In still another embodiment, the membrane thickness is about 0.05-1 mm.

In accordance with a further aspect of the present invention, the anode of the fuel cell is
formed from high surface area particles of platinum-based alloys of noble and non-noble metals.
In one embodiment, binary and ternary compositions can be used for the electro-oxidation of organic
fuels. In another embodiment, platinum alloy, with compositions varying from 10-90 percent
platinum, makes up the anode. In one specific aspect of this embodiment, the platinum alloy
includes ruthenium, tin, iridium, osmium, and/or rhenium. In yet another embodiment, all or part
of the platinum in the platinum alloy is substituted for palladium, tungsten, rhodium, iron, cobalt,
titanium, iridium, chromium, manganese, molybdenum, niobium, zirconium, osmium, titanium
oxide and/or nickel. In still another embodiment, the platinum alloy particles are in the form of fine

metal powders, i.e., "unsupported”; and/or are supported on high surface area material. In one
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fuel cell at tenperatures at least up to 120C. In still yet another

enbodi nent, the fuel cell is substantially free of expensive
corrosion-resi stant conmponents in the fuel cell due to the absent of an
acidic electrolyte. In still another enbodi nent, the nmenbrane thickness is
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stacked together to increase the voltage and/or current generated by the fuel cells. In one

embodiment, a plurality of fuel cells are connected together in parallel. In another embodiment, a
plurality of fuel cells are connected together in series

In accordance with still yet another aspect of the present invention, one or more of the
products of the fuel cell are at least partially used as a shielding gas for the arc welder. In one
embodiment, the shielding gas produced from the fuel cell includes carbon dioxide and/or carbon
monoxide. In another embodiment, a dehumidifier, condenser and/or scrubber are used to remove
undesired gases and/or liquids from the product gas prior to directing the product gas to the welding
pool. In still another embodiment, a shielding gas controller is used to regulate the amount of
shielding gas directed to the workpiece and/or to control the pressure of the shielding gas to the

workpiece.



In accordance with another aspect of the present invention, the fuel cell is
a regenerative fuel cell. In one enbodinent, the fuel cell reduces carbon
di oxi de to an oxygenated hydrocarbon and oxygen. |In another enbodi nent, the
oxygenat ed hydrocarbons include nethyl alcohol, nethyl fornmate,
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a shi epgilgwaRShea@N Y Mdthdr ehihodiRsht [tBe EQBUIRABR dldtEoddRUMwOoatsd ¥18dtHdBgr 9as

directed to the workpiece and/or to control the pressure of the shielding
gas t oatsblad metd Rlecteede. -6 | n accordance with anot her aspect of the present

i nvention, the welding elecgitrode is a consunabl e.electrode. In one . .
oot momt . I Rettnicn il S I-Bateh awerk Oh He Hipoeos IETapbans Jemdipg direuit is

I ncl udgsg aief! i 0 B L& OR B g i elos. . :

gas ang%é%egf%&éﬁ% s| %&&E%rci ngdét}'he vve6I (L]I ng pr g’éﬁeés)vsv:aﬁal\ré cgﬁglt ggg’@%ﬁ g#sp? hi s

enbodi oieatit, fot bentedisg e kugrentdtovd defigrthe shiwt circuit conditionlwinyeineticisltémmetad
core so as to obtain a weld bead conposition which is substantially A simlar

to t heatbgadiofitemcesumghle goradyslecttode peprgathy) rnsiorisd by retransfer qargntyataja

wor kpy Bbet RRR ooy vl et A e BeS R GuBiient IR sropater
enbodi BRfdnt idclifles RipH FBRER pRAAGuIsederobSthd sHdriéd ntedd ittt WasdhRYR fadilitafe tBO! | d

netal electrode. In accordance with still another aspect of the present
i nvent tremsfertdféhevaiotiemmetal fom theiedectrode to the weld pool. In still another embodiment, the

2

welding current circuit includes a second circuit to create a melting current. In one specific aspect
of this embodiment, the melting current is a high current pulse which is passed through the arc.
Preferably, the high current pulse has a preselected amount of energy or wattafge used to melt a
relatively constant volume of metal at the end of the consumable electrode when the electrode is
spaced from the welding pool. In still yet another embodiment, the second circuit of the welding

current circuit provides a high energy boost during the initial portion of the arcing condition. In one

R

specific aspect of this embodiment, the high current boost has a preselected I(t) area or energy for
mel;(ing arelatively constant volume of metal on the end of the consumable wire when the wire is
spaced from the welding pool. In another specific aspect of this embodiment, the energy created
during the high current boost or plasma boost is sufficient to create a spherical metal ball having a
diameter of no more than twice the diameter of the welding wire. In still a further embodiment, after
the initial high current boost, a high current is maintained for a preselected period of time and then

subsequently reduced so that the desired amount of energy or wattage is applied to the electrode to
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designed for use in a short circuit arc welder. In one enbodi ment, the
welding circuit includes a first «circuit for controlling the current flow
during the short circuit condition wherein the nolten netal at the end of

t he consumabl e cored electrode is primarily transferred by a transfer

cur r ent mehtie desirsdoiol@nie oEthelelgeaode. dwn onespevific dspoeti afithiaetnbodiment) theeedapda f i C
aspect of this enbodi nent, the transfer current includes a high current

pi nch pefithehigh cwsent isia thaiormod a delpyekrumsntavenmpenpdRiitise. fla @nothergrabodirgent,
fer of«the nol 6L al he_wel . 11
e g Pt Bl PR ELE AR B 4 e ROl ol |

t 0 Cr eafifhedes tlﬁé]gng:yfﬂh@morkﬂigce@ﬁqs_speci fic aspect of this enbodinent, the
melting current is a high current pulse which is passed through the arc.

Pref erabl y, Inhacchidance witheariotlpn|aspech af the present limcnéidn,atim ovelding cemeenyyirorit
wattage used tq nelt a, relatively constant vol upe,. of tal at the end of
the conBEIEE ETEHER PRUNCTM BHFFERENA FEREH o b opembadiment. fieeksraund purreny 1
pool . | ' t her ' ' ' : '

B ent i 1P #EHer RIS TR boyang RRTHectbdaf. o evlaid AU B
t he ar ciefginatioliof i20Bhort Birowie conditicn.f ila Mmefire temodithé®, thebbatkpubd dubenhigh
current boost has a preselected I(t) area or energy for nelting a

rel at i viapiptaiegsthaeughent eavadingsyep to insureethaintiie grc wshot s ertaplyecxfingeishgden

the wire is efi&aced fromthe welding pool. In another specific aspect of
this enPBBENEHY 8t he energy created during the high current boost or plasma

boost IS SUTff feBRfanb wihERMIParbRR18hdck BF P Ir¥entidl il Reldifl Birofl} M

no nore than twice the dianeter of the welding wire. In st a further
enmbodi neomtroll@fforshiftihfbetiveen palbritiridghing the mehdingprosdss. I dniegmbodinteat)ithe duration

mai nt ai ned for, .a presel ected periqd of time and then subsequently reduced
so t hat ok he Padtiye arfl ReastiNe PelanbHRH R dWing myipglg avelding shele eythe sampe To paethende

to -7 {1 ' . i1 e of
thi s ergncibafh HERLfAgy SBb BEsifls Spe SRRy e ng RSl GeRERRGE
del ayedis@ifférefitt 1061 adother érbbddheiit] aPositive polaityqiulRrdeadts dafihg a singte welddighg
current circuit limts the anount of energy directed to the el ectrode so as
t o pr evevisle and @ negativepelasidy pulsadochisglugng alﬁgervmlqllpg exrde.claget angthey cobodimend,

wi th angt her ect .of the esent invention, the welding current circuit

i ncl ude ego%qcﬁ%gfs[sopg'a&% jeleét background current. In one embodi nent, the

oo, OSSR v e B Mk BT 0 o T5 LI
Electric Company or STT short circuit welding process is used. In one embodiment, the STT
process is used with a cored electrode. In another embodiment, the STT process is used with a
consumable electrode and the polarity through the electrode negative. When using the electrode
negative process of the STT welder, the workpiece puddle is hot and the cooling of the puddle
requires time allowing the bead to be pulled back. In one aspect of the embodiment, the background
current is reduced to reduce the heat in the puddle. This current correction decreases the amount of
heat in the total welding process. By reversing the polarity of the STT welder to an electrode
positive condition, the workpiece puddle may become too cold. To overcome this weld puddle
cooling, the STT welder or process shifts between the standard electrode negative polarity to

electrode positive polarity during the total welding process. In this manner the heat is controlled

without changing the level of the background current. The heat of the puddle is controlled to a
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termnation of a short circuit condition. In another enbodi nent, the
background current is rmaintained throughout the welding cycle to insure
that the are is not inadvertently extinguished during welding. In
accordance with still another aspect of the invention, the welding circuit

i ncl udesledtedeamipératurety ddjtstiigithé taig diatywion elrotradd topositive Blzctrbd: weldiigng
process. In one enbodinent, the duration of the positive and negative

pol arity pullsecgendppgs vhitls prether enehadimentof dhepiesent iiavestinn . the glegimedenisra non-
enbodi nent . the duratiqn of the.positive and negative l.ar.i ul se during
"o nol P ln et e 1 08¢ PPuBER) e TorRReRat PkErRE B bishu R

posi tive pol@hkdotdiiet $ah96CmbheratbbdiOf fhe preB&tt rveRtich, e weldifg Sirditds desiig@at | ve
polarity pul se occurs during anther welding cycle. In yet another

enbodi nfenTIG wehiing: dnbneémbedimsnts thie tweddieg cicmitrshifls pdlarityndiamg chelweldmgwirodessy et
anot her. aspect of the present invention, an_SIT wel der of The Lincoln

El ect r i18 anpthsnembegimentr the(yration of thg posiigreiolayity pulse aad the nggaliye nojargy gulse

onbodi P 2 AR fyoyPIsERie, S YASHoleL SsbiE R Ine 1RGP G ne bRy
pol ar i tphldeh bt ghe hbgatﬁleqsdlaxggepmwahﬁﬂgea WBihgUsydM ié leffebmct moQdl fARfRki ve
er,

process of the STT wel der, the workpiece puddle is hot and the cooling of
t he puddntodiment. theaxeldingwirahit convegtstdirechaurent mtd alteynatingdcuneeok . Inl gnespecifispect

f th mbodj t,. th k urrent is. d, t d t.ne h '
Che. pudBPeloRFRETgHIR, et fI5Fa A BEQEEISPRL bE gl Aol POVt RS TR
total wehdisngndEREGSEeindYodda¥EYSiith 4118asPBhAbEY vlﬁichtiQ%o%anYifc'ti@@,ranH%li%U To

S
el ectrode positive condition, the workpiece puddl e may becone too cold.
over comerdahils anvsthed spacifil Bpect 06thinembddimei]hewadldiag crcuipinolndssa Righfresctdiet ween
the standard el ectrode negative polarity to _electrode positive paolarity

dur i ng Tearsortas chpkepithyfirsg anst srcand portigns, gind thedHpigrortieris sannected acegs thsi noxver

wi t hout ngi t | eve u .he f ddl e
s conetBPPal { fedstFe gB4Ely BredieR 7S SRARMS S dBln roEsifE M Hopii; BY
negat i W@pBirgcthe 86t8nd PorBiof iof theare i@ Ciricholee Medsd itiOworkpieaé GiPthe appasiteidirectadiot her
enbodi nent of the present invention, the electrode Is a non- consumabl e

el ect r daetill ampthgrepesificrspent of thisembod iment,dhe:enmeebt altegdtion iy asdemplishied b software
tungsten. In accordance with yet another aspect of the present invention,
the welQPR8"circuit is designed

In accordance with still yet another embodiment of the present invention, the welding circuit

includes boost-buck circuit to increase the voltage from the welding power supply to the electrode.

The primary object of the present invention is the provision of an arc welding system and
method which forms a high quality weld bead between two metal plates.

Another object of the present invention is the provision of an arc welding system and method
which includes a fuel cell to at least partially supply power to generate an arc between an electrode
and the workpiece.

Still another object of the present invention is the provision of an arc welding system and
method which is environmentally friendly.

Yet another object of the present invention is the provision of an arc welding system and

method which reduces noise and/or air pollution during operation.



for TIG welding. In one enbodinent, the welding circuit shifts polarity
during the welding process. In another enbodi nent, the duration of the
positive polarity pulse and the negative polarity pulse during a welding
cycle is the sane. In yet another enbodi nent, the duration of the positive

polarity pulsfirigfobjeer draiaipresentiabétioh)s P srovidioni sftanfareBl€liing sgtemearids
different. In still another enbodinent, the welding circuit convents direct
cur r ent method vlicleispattablg and carebe used in @ madesyreiety olcenvagpments.of thi s

enbodi ment, [h urrent. alteration is acconmplished. by .hi gh speed power

vt e i 1 B a e 8biedt ar Thd ettt e RGeS Ha REDT ioyate Bk Pias SRR a9t er
switch j ang ' : L8 &5 . I'n anot her specific aspect of
this enﬂtl)lgt(%!argrgvg{}, tH@H\é\%fgﬂr%ggéilﬁrbﬁﬁl}ﬁéﬁéc?udes a high reactance reactor or
choke with fYessd fiather Slgectrod tiopresennmvertivh it tie grovisionpdah aanweldinpaysteat ad
across the power supply in a ngg@tive polarity direction for a heatinq
cycl e amgthod gt inslpndesa fvgl el dhas perdaersoac pymoripddichgpssasdhal ambriat Jenst nastialkys

t he rea&ste?r or cl;doke across the workpiece in the opposite direction. 1In
still ano ﬁ%?sgf &?5$%Laspect of this enbodi ment, the current alteration is

acconpl i shedahyth&itjaspsBhe F125nt Riventloh ifeie PEclaiGEoftintakt Wlding sy&tman@tfeeiod
enbodi nent of the present invention, the welding circuit includes

boost - betbichanaledeista fuel dell dhat ases anlveganad tigwyd féedom t he wel di ng power supply to
the electro primary_object .of the.present. .invention Ha.the provi.si on

. T )
of “an arc. el 8 HPLs SIS e PHOEHIRVNIOBIL 1 AREVSIOR PG A IRipe A BTG
bet WeenmEﬁ’B?l'ﬁ?att?ﬂchﬂie@ﬁ?g.}ralﬁ?%tfgﬁﬁkéa%g%llg’f the present invention is the

provi sion of an arc we ng”system and nethod which includes a fuel cell to
at 'l east par $tilhhhoth&lgdbpdcy optheresent igeaioatiethepravisiob of we are weldaigagstemdmd and

t he workpi ece. Still another object of the present invention is _the
provi si®pthed whichsaceusatelytrackssydesised ayrent mﬁ%dammth%wwlw Fverkpitcal | y

o Yo BB R ANk A B PO S AT R
duri ng Whigh achdes a Tkl Cell HAVRE bt 1084t 864 ptort dRRRZENSMbIANE PSdi@ohed Detii@n an
provi sion of an arc wel ding systemand nethod Ich is portable and can be
used i rmmadenntcathodeatfyhofuekerll. r onnent s.

Yet another object of the present invention is the provision of an arc welding system and
method which includes a fuel cell having at least one proton conducting membrane which inhibits
the migration through the membrane of the organic feed for the fuel cell.

Still yet another object of the present invention is the provision of a short circuiting arc
welding system and method for applying a controlled amount of energy to the electrode to form a
weld bead on the workpiece.

A further object of the present invention is the provision of an arc welding system and
method which produces a weld bead having a composition which is substantially similar to the
composition of the workpiece.

Yet another object of the present invention is the provision of an arc welding system and
method which uses a cored electrode to form a high quality weld bead.

A further object of the invention is the provision of an arc welding system and method which

changes the polarity of the weld current during a welding process.
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Still a further object of the present invention is the provision of an arc
wel di ng system and nethod which includes a direct oxidation fuel cell. Yet
a further object of the present invention is the provision of an arc wel ding
system and nethod that includes a fuel cell that produces one or nore
product gassAsothheubjetnf the preserit ewsntiques thegrovysionsfog answeldiigispstairagd gethod
Anot her ect o sent |on S th I’OVI ion of an.arc weldjng
Syet om uhthsnils thaediol orovelday Qefhye% hissng ST ol e utoomgiec regtica
feed. @ltectf’dh%tdég n%@uﬁ% t g{the% ggéofﬂxﬁ e QYclk $o Rk Q¥iSi On of an arc
wel di ng system es a plurafity of stacked fuel cells.
Still anot heStlnb;h@thér @ﬁjedt hétl"wlﬁsﬁﬁt 1nivmtﬁmt1|; tre previsibe op b wicsweldingfsystemodne

wel di ng Sé stem and nethod which accurately tracks a desired current profile
duri ng mRtoderhichigerseses thipyalisise iethe eleeBedfer obj ect of the present invention

i h di h f uel
col | "havi ng TeSF aflol @i e S TR A e PR Bt B i ity
anode %leﬁgttﬂé)ﬂﬁlo%né B&schip ﬁ‘d)n aRbA tog\éﬁ{%r A theprefidled EmbRtirh & dﬁ’d’cfo%@&"in the

invention 1S the pI‘OVISIOI’l of an arc wel ding system and nethod which
i ncl udesccamparsied deawtingsavi ng at | east one proton conducti ng menbrane which

inhibits the mgration through the nmembrane of the_organic feed for the
fuel cell. Still yet a [&ﬁ UON%‘EH%SEF&AWW&@[IOH is the

provi sion of é’fe?eﬁ?{ﬁx thé&ﬂéh{aﬂ%oi‘ﬁ Ctrogﬁngaﬁ;@&mwﬁ%& d fhba g,,qch 'hgg

a controll e anoun ener orma " we

wor kpi eet thé\ufvuﬁﬁ&ﬂhapﬁk@ﬁiplgﬁlcﬂffen@ m&smn:‘ertam\paﬂs mmww@gbﬂﬁenqumrts iwidredh: an
arg wel di ng system and method whi ch produces a weld bead having a

conposi ti on WKTIRE il previdese sehangtic yepsesentption efen ereaveldas ithas tynowsredaty & fael cell

wor kpi e ohj ec t he ent inyention t he provisi.on .of
. arc g whieg SREeahumRe hidlink e 0h HEats YOKEF & HrereneB et 3 iR

hi gh qughbddimbe ¢ tReRVentfdnf Ur t her obj ect of the invention is the provi SI on
of an arc wel ding system and met hod whi ch changes the pol ari ty of the weld

current duriREREL dravidesraosshematic representation of an arc welder that is powered by a

multi-cell fuel system employing a plurality of liquid feed organic fuel cells and includes a welding
circuit which controls the current and/or voltage to an electrode;

FIGURE 3 is a graph illustrating the performance in volts verses current density of the liquid
feed fuel cell of FIGURE 1;

FIGURE 4 is a graph illustrating the performance in power density verses current density of
the liquid feed fuel cell of FIGURE ;

FIGURE 5 is a graph illustrating the load handling characteristics and transient response time
of the liquid feed fuel cell of FIGURE 1;

FIGURE 6 provides a schematic representation of an arc welder as shown in FIGURE 2,
wherein the welding circuit is shown to include a welding controller and a bulk power convertor;

FIGURE 7 provides a schematic representation of an arc welder as shown in FIGURE 2,
wherein the welding circuit is shown to include a welding controller and a boost-bulk power

convertor;
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-10 Anot her object of the present invention is the provision of an are

wel di ng system and nethod which controls the heat of the weld puddle by
adjusting the ratio of electrode positive current to electrode negative
current, either during a cycle or fromone cycle to the next cycle. Stil

anot her objrEGURES 8t he apy #iteamte énbodirhéentsiofi ssmplifeedpriruit sliagramd which dilustragd tHe ng
system and net hod which increases the voltage to the el ectrode. These and
ot her d¥ldiag sirantpiFdGERE Y sentwlling tbewarreshabep%ﬂtéﬁ gurrent thigugh thgeleceds of thee
art._upqp, r@%péﬂg the foll ow ng description taken together with the
preferred € ment disclosed in the acconpanied draw ngs. BRI EF

DESCRI PTI ON FEEUREE) PRAMN bisSih&lafilemaftGenbdBimenovf simptieled EiecuitiRagiira\ihngdtingvhi ch
illustrate various preferred enbodinents that the invention nmay take in
physi cal pdlaitynizvedtor whivbris @ichnded in theavedding cizegerfdIGURE parts wherein:  Fl GURE

fuel el | and DRIGILER PESCIRIRTRY Bl Par EREFERIGE Bnb i tic ey 1 °
accor dance "Réfg—rﬂl Rl J {h%dd:?\%%Qarc i slfo%% “%&g%ﬂ 28 rpugﬁq%%'?lﬁuslﬁfaﬁﬂé ges

a schematic repre enta lon o er th cel |

fuel syséfeiedsibainnbgs af bk invhiiéryordy and sptifer tﬁeprdposegefnmﬁtuﬁgrmb sﬁlﬁé JEGURE
I ncl udes a welding circuit which controls the current and/or voltage to an
el ect r dodlustratey mEeRclric agc grebqﬁh 29 |fq>rw§@1r1@rgrtﬁ@ethqxéWpérrmrm@lrws\381 tlhease ses

o pn PR D ot fes hiveeiaid Pt ad 5y WeGineday oL e eAd L ineitee  gef
of  thepl Ny 4@%5&?5 Ffclin®the el elrble thivafd fRFerkpibc. A 86:RRMablel lhbal | Ng

the |l oad handlin aracteri st | cs and transient response time of the liquid
feed f 6lis me»/dmﬂffr&xh Gideiroll 70 Ethcﬁleﬁ iftopwelding deda5 @ cHenamsumatdpelestrnde passen of
an arc wel der F$ shown_in wherein,the welding circuit is shown to

i ncl uddrgugle Maldieg st 3 rthrerglhweldalg&wrlrk 40 30k is pdradpward workpieemel by BPERIS des
a sche Btig vJchﬁﬁf @?Jétfé‘édeﬁ ho? fsho%h, Loftrdt 'tﬁ%efreedalsateS g'f)fﬂ@ ele@tr&!le%gzthe welding

process. A shielding gas is supplied to welding body 50 by a gas tube 82 that is connected to a

shielding gas source 80. A shielding gas controller, not shown, controls the flow rate of the
shielding gas, i.e. carbon dioxide, to the workpiece during the welding process. The arc welder is
powered by an electric energy source 90. As shown in FIGURE 1, the electric energy source 90 is
only a fuel cell 100; however, fuel cell 100 can be used in combination with a plurality of fuel cells
and/or other electric energy sources to power the arc welder. The fuel cell is shown to generate a
direct current as indicated by the positive and negative terminals on the fuel cell. The negative
terminal 102 is connected to workpiece 30 by wire 104. The positive terminal 106 is connected to
welding body 50 by wire 108. As can be appreciated, fuel cell 100 can be designed to produce an
alternating current. Fuel cell 100 is shown to produce a reaction product that is directed to shielding
gas source 80 by gas line 84. The production of the reaction product by fuel cell 100 will further be
described below. The basic components of the arc welder, i.e. electrode, welding head, welding
body, are standard components of arc welders, thus will not be further described.

The fuel cell 100 is designed to function as a partial or complete power source for arc welder

20 and to also provide the necessary shielding gas during the arc welding of workpiece 30. The fuel
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wherein the welding circuit is shown to include a welding controller and a
boost - bul k power convertor; -11 FIGURES 8-10 are alternate enbodi nents of
sinplified circuit diagrans which illustrate the welding circuit of FlGURE
1 controlling the wave shape of the current through the el ectrode of the

ar ¢ wekglpisiprefardblly ldediRtedd bk Sseditvitt or3pit ht@aﬁ Iﬁbdmmh@hemq@ if@Rtpréducion of

sinplified circuit dragramillustrating a polarity invertor which is
i ncl udekciric eneegynior dhengc ovelderi and gbadEpBPREUCts DETAE |CEDIrOESGRAIDT AEMAGE ThiE

PREFERRED E | MENT Ref tq.the d wh
for t hEeatieERe" M?qtqdl ek Pt et et che et ed e egehg%d[rﬁée% ﬁ%ﬁ@%s A onl y
and not. bl gh i g‘l cf?xgg V\%%%t{idnngAg ReeiftMhe s égfﬂ@%uel]celllﬂaﬁ 1e s géloti_h

el ectric arc t oget ef two or nore wor

are V\lpbﬂﬂﬁl1t8ro enﬂfdrmwml aﬁwﬂdlﬁiem r&ﬁﬁihg4ﬂr and missepallutionpasty aHGwm‘géfo@Ilmg
head 40 i ncludes a nozzle 42. Nozzle 42 facilitates in directing the
el ectr mbomﬁpthmmmdm%ae@@urces dbaslimustien ef athersbigldinggesiseuigaselimigates om

70 d t I bod 0. Th trqd
passesDatpLEgrEET amﬁgsusﬂa% T A A
tovar d (E (?ﬁfél g&lé&ﬁv nflgal eher bfiitg‘ﬂlel"ﬂﬁé‘ctlfy‘%%eélectﬂc% M ithout
contro s"the teed rate o ectro e during the"welding process.

shi el dbagirgeke figl. STHethéled]] 1has mh;zl adgmtageyoved chyvemtigns powee s@itcéstsath asfuel
connected to a shielding gas source 80. A shielding gas contraoller, not

shown, fazdhe fenl sell fea pommonaand widelyhised SRPSATIEEf- ga%tgaqol éa ligaidiadsp lamqm G% t 0

h h |
ol th“?in%ﬂg@fw it s M th Bl o i iy AR o RO 00 41 0
90 )i s opﬂétura@gwﬁﬁd 9&& to i8R, Awviaeidvarfthie) ofcBe uel QO §athabR rikseldtively cool

combination with a plurality of fuel celTs and/or other electric energy
sour cetdaw fovimilingwoint f wastniend isTtoepagte| Thﬁellow tuempsmm Operagem eliminates the

di rect cuy ent a di cat ed t.h 0 t|v ive te Is on. t he
Tuel - capid for el gt eltneapmbrilt Dulfy thermahRBEER S5 SRS SUBRPTbRp i r e
104. T S Ldft d J-loc@ 1I %5 %@Qﬁ&t&&té R> é’ﬁéﬂb&l&té’ methBo1 ¥heé1§s 108-
As can ééhgppgrfetg?%%agdgn'{@ﬁu 2 fOO can be degllgn d to produce an0 s
al t er nadrplgtetylcorvetted tamrbmeﬂ]loxﬂﬁqco.i) aftbwatet.o The daklcellas singpie and rgdatbaiyc t
that is directed to shielding,
inexpensive to manufacture, consisting of little more than a membrane coated with platinum or other
noble metals. The cell itself has no moving parts. Its precious metals are used in small amounts and
can be completely recovered and recycled at the end of the device's life. The lack of moving parts
makes the fuel cell quiet during operation. The fuel cell is also converting more than 34 percent of
the theoretical energy content of the fuel into usable power. This is twice the efficiency of existing

gasoline engines.

S

Referring now to FIGURE 2, the operation of electric energy source 90 is shown in greater
detail. Electric energy source 90 is shown to include a stack 110 of cells 100. Each cell, not shown,
includes an anode, a cathode and a solid polymer proton-conducting cation-exchange electrolyte
membrane. The anode, cathode and solid polymer electrolyte membrane are preferably single
multi-layer composite structures, referred to herein as a membrane-electrode assembly. A detailed
illustratibn of each fuel cell 100 is shown in United States Patent No. 5,599,638, which is

incorporated herein by reference. A pump 120 is provided for pumping an organic fuel and water
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gas source 80 by gas |line 84. The production of the reaction product by fuel
cell 100 will further be described below. The basic conponents of the arc
wel der, i.e. electrode, welding head, welding body, are standard conponents
of arc welders, thus will not be further described. The fuel cell 100 is
desi gnedhitdnfibtoCini MOd@chameabf thelfuslicellOMA¢ Bfganio Giiel rand ikt Enikfifre &Y Withdhwer

20 and to al so provide the necessary shielding gas during the arc welding of

wor kpi dbmugnan peilet por(112 on staclel 10 and ig retisqudaied thavgh g pisenletionank 423Q) Gprban

or gani c,.f eed.product s. ich results. in t.h roductj on of l.egtric energy
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The fu%hlc.ll al.so..does not create toxic byproducts. The nethanol fuel is
conplete?ﬁﬁ%8h$gpfgﬁ‘¥ “Tcarbon di oxi de (CO2) and water. The fuel cell is
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than a menbrane coated with platinumor other noble netals. The cell itself
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cont ent S DY Soet B Rl spiAth Moo Hifctch, it 160 ehd HIRGCHE Fatcl SEhlen

exl st i rgntaining a carbon dioxide gas from heat exchanger 180. Circulation tank 130 extracts carbon
dioxide from the fuel and water mixture and releases the carbon dioxide through a vent 84. The
resulting fuel and water solution is fed through pump 120 and into stack 110. Circulation tank 130

can also be located between stack 110 and heat exchanger 180 so as to remove the carbon dioxide

N

before the heat exchanger and thereby improve performance of the heat exchanger. A radiator, not
shown, can be used to heat the methanol/water mixture prior to feeding the mixture to the stack of
fuel cells. A cold start heater, not shown, may also be used to heat the methanol/water mixture prior
to starting the flow of the mixture toward the stack. A methanol sensor, not shown, can be used to
sense the methanol concentration to maintain the desire concentration in the mixture. An oxygen
sensor, not shown, can be used to sense the oxygen concentration to maintain the desired

concentration in the fuel cell.
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gasoline engines. Referring now to FIGURE 2, the operation of electric
energy source 90 is shown in greater detail. Electric energy source 90 is
shown to include a stack 110 of cells 100. Each cell, not shown, i ncludes
an anode, a cathode and a solid polyner proton-conducting cation-exchange

el ectrol yt erhe'”ﬂiﬁ?hﬁi%ﬁ%f thEhﬁri@M%poﬁéﬁtbﬂﬁ@tr@t@@'ir§Pi_GI_9’REQ|v)/i'1‘1‘91{ovseb@&ésEHBé/di%
menbrane are preferably single nmulti-layer conposite structures, referred

t 0 hergreateraletail. Cvtlatioretank ¢80 rsquieferabbeatoiwer havidg b ddrpebeadi sphees Thadiquid foél each
fuel cell 100 s shown in_ United, States Patent. No. 5,599, 638, ich js

i ncor padavater mertwiedeesvedcirain dpjegtionaupt LKD) 18 sgdqdsiniy 3tap pd dhe tovenubhs fvgl and

or gani |. -13. i | . e cel | .
The- or gkt By nllBhE Carpad gy 1Yo 10 £RARR, BIAIRCYE BE VG QBT
on st afibxidd PasaBaded ffofn the'fdlland Qatet RRHGR i@ alldweltb abdudiulita fithd Blad dpacdaia
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port lis ltinfetely wenited throglppalye 88 0f €O, prasessigauntiiod (f anddprax digentechthapugh linier82i nt o
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separate the air and/or oxygen fromthe water. A portion of the air and/or
oxygerPidehes phia aricioporons maigsipl whichallgws gases o bxredeased Supishyvallsefhy tubes efnt ry

oxygenpyeseperas e LI g R s AR OB o Fe To a Tuel
and wat er iAk@féte0drculitibn &ﬁ%ﬂﬂ@&&o@dﬁ Barl IRCRAPISTedItHE SPdHole cRanfler ofdisdh as
met hanol, froma storage tank 170. Injection unit 160 conbi nes the water

from ¥édoseperatecrrbonidioxide fibmtthe fist aysiniaerfmixturé susinthaak edtemal giraalation gank f uel
and water sqlutiaq ith th fuel diissolyed. in_th ter. The fuel and water
oot skt pohrimreaed With bibhiasyelEm ubhis of Ependionis edp IR PIRIBANEd: 30

A fuely,ak . ' C | S . WoNd [ | QUER port
P10 o, YEHIEALT Wi theCalaRl ot A/iBehs dhlclifn vAIMHEIRG A Tt

ci r cul satroemdifigithe ghSBubbisniragsahe tighidtfucmpvards il § direetien vPsutleopbrt 414.u@hceand

wat er solution frominjection unit 160 and a fuel and water sol utjon
outside the anode chamber, the liquid releases the gas, exchanges heat with the surroundings and

cools, thereby becoming denser than the liquid in the cell. The denser liquid is fed into the bottom
of the anode chamber through an inlet port. Instead of expending electrical energy on the pump, the
static re—circulation. Asystem takes advantage of the heat and gas produced in the cell. The
aforementioned process forms the basis of the static re-circulation system which.

Prior to using the fuel cell to energize the arc welder, the anode chambers of the fuel cell
stack are filled with the organic fuel and water mixture and the cathode chambers are filled with air
or oxygen. During operation, the organic fuel is circulated past the anodes while oxygen or air is
circulated past the cathodes. When an electrical circuit 200 is connected between the anode and
cathode of the stack, electro-oxidation of the organic fuel occurs at the anodes and electro-reduction
of oxygen occurs at the cathodes. The occurrence of different reactions at the anode and cathode
gives rise to a voltage difference between the two electrodes. Electrons generated by

electro-oxidation at the anode are conducted through the welding circuit 200 and are ultimately
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containing a carbon di oxi de gas from heat exchanger 180. G rcul ation tank
130 extracts carbon dioxide fromthe fuel and water m xture and rel eases

t he carbon dioxide through a vent 84. The resulting fuel and water sol ution
is fed through punp 120 and into stack 110. G rcul ation tank 130 can also
be | ocahmirddet ileRAthEAC Ii{yﬂdi&geaﬁksiastéeg tensGendated afliBo anqied Sre ttanksporadiFa ey
carbon dioxi de before the heat exchanger and thereby inprove erfornance of
t he heaprow&hm@dnametorth@lcamﬁes Adttow ghowrent issaustgined dpa@ hé@ns thveugh the
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80 and/ eratlgngf%leé%ﬁasﬂ 85’23 ouﬂr%to%gtoégss%r%u hx%%er%@%coz processing unit

80 may ° ain conpr €ssor yer and condenser, not

shown, to pumhefarodyisfimen HRBEplatiASn-ritBefiu? QRS pfaﬁrzrescarthetdsatneﬁﬂettrapﬂw&sﬁ
Alternately, the fuel and water m xture contail ni ng t he carbon di oxi de can be

passed L.ehosugpored qrsdlarersedfonﬂmxrme areatagbopdcoBuppartads'i A cappanchibesishesis

gases to .be releas t hr.ou t ube m c

ot or | SRk Do oo sarians vt G pafles g e e BBE R it
re-cir Q(y%)c ;eé’g)é r of
st ack %%%Hts sozﬂbégr at Jp@gﬁt%cgﬁ di oitﬁglgts?ﬁ m t’he tﬁg%%giri%ﬂ \%g[igftﬂ%&’sif ﬁ@gﬁgﬁch
t hat awithx b eflualdecpolgmenbimder tad kpread¢ed inkdd be cartowi pipdr td\iptdduse the ansgest em
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Wi t hi n Platsusnlased dloxsauwhiclya second metal isiciher t@nlrtﬂr“tlﬁs qQsEeUID, Qf ey a0 be ysedy e

instead of platinum-ruthenium. In general, the choice of the alloy depends on the fuel to be used in

the fuel cell. Platinum-ruthenium is preferable for electro-oxidation of methanol. For
platinum-ruthenium, the loading of the alloy particles in the electrocatalyst layer is preferably in the
range of about 0.05-4.0 mg/cm?. More efficient electro-oxidation is realized at higher loading levels,
rather than lower loading levels. The anode structure for the liquid feed fuel cells require anode
structures that are similar to batteries. The anode structures are porous and capable of wetting the
liquid fuel. In addition, the anode structures must have both electronic and ionic conductivity to
effectively transport electrons to the anode current collector (carbon paper) and hydrogen/hydronium
ions to the electrolyte membrane. Furthermore, the anode structure must help achieve favorable gas
evolving characteristics at the anode.

The electrocatalyst layer and carbon fiber support of the anode are preferably impregnated
with a hydrophilic proton-conducting polymer additive. The additive is provided within the anode,
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surroundi ng the gas bubbles drags the liquid fuel upwards in the direction

of outlet port 114. Once outside the anode chanber, the liquid rel eases the
gas, exchanges heat with the surroundings and cools, thereby becom ng
denser than the liquid in the cell. The denser liquid is fed into the bottom
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occurré{r\%eglcaio Bflflﬁté?réﬂ gg‘[“?l E—Q%g%’p%g eprg (o[ (oA °&m§aﬁdﬁ§’(¥ S 3‘1‘% eq edo a
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and ar enontionmliaity c1ay$,5 zealjiey r dkloxgelltieses,atyobatiextrirsly dnde rzitconiano hydrogemns
generated at the anodes are transporjed di rectly across the nmenbrane to the

cat hod@§osphats. ofy leading ek @A2 to Q-Squgem elesissd. Elettefegomngnigionh vt gdditiyg m
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preferred inplenentation, the nenbrane is formed froma perfluorinated

protonimeﬂbn@eulhmnnmdmc@pdaperfomw as a co-pol yner of

tetrafl uoroethy and uor V|nlet r, sul.foni c_aci

material s c:ﬁ’ @88‘5 H% hl?fé%ﬁbﬂ‘é‘? pafh c&ﬁ)scﬁr? ]gl%?ij%d JEROkE
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conposites of two or nore ds of “proton exchange anes can be used.
The menbaaide of thedranigrasdopgpositd toithe anedé.uss with desnode rthechmthcmlg nhdia paetjrdesadre on
of the fuel cell and to all owcirotons t o_pass_.throug he nmenbrane. The

anode iPsetergblygnoynieten? earbomubackingraairtish Hhq lggding ot th@|eé°§tre%tﬂw PREIGleS RNt A
powder She carbon backing is preferably in the range of about 0.5-4.0 mg/cm?®. The electrocatalyst alloy and

the carbon fiber backing preferably contains a fluoride polymer to provide hydrophobicity needed
to create a three-phase boundary and to achieve efficient removal of water produced by
electro-reduction of oxygen.

During operation, a fuel and water mixture (preferably containing no acidic or alkaline
electrolyte) in the concentration range of about 0.5 -3.0 mole/liter is circulated past the anode.
Preferably, flow rates in the range of 10-500 milliliters/min. are used. As the fuel and water mixture
circulates past the anode, the following electrochemical reaction, for a methanol cell, occurs
releasing electrons:

Anode: CH? OH + H,0 -~ CO, + 6H* + 6¢.
Carbon dioxide produced by the above reaction is withdrawn along with the fuel and water

solution through outlet 114 and separated from the solution in a gas-liquid separator 150. The fuel
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I .e. "unsupported”, or dispersed on high surface area carbon, i.e.
"supported". A carbon fiber sheet backing can be used to nake el ectrical
contact with the particles of the electrocatalyst. Alternately, both
unsupported and supported el ectrocatal ysts may be prepared by chem cal

net hodand watebisiation it théh R-ditcutitediataht yetbby pimplé20.and spread or inked on
carbon paper to produce the anode. Platinumbased alloys in which a second
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anode current coll ec¥ (carbon paper) and hydrogen/ hydronium ions to the
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hy dr ontarbopdiostidegiodiced bg elﬂc&ﬁéﬂeﬁnmllréh'atwmn reacti on. The i ononeric
additive also pronotes uniformwetting of the electrode pores by the liquid
fuel / wat er Beferablynoxygenor airiigieisculaied past ﬂ@rcamorlp RLRressyresan theyange of 0 to 30

el ectrgcat The, kijnetics. of et hanol oxj dation b ced
adsor pPTBNTIsFie G S afBiefUPTOR, the ko £F blltartt, the SHe6r

i onorreab&r&ﬁ&hicw&a&wn@sesﬁsaawﬁ Higly Qi Gerifes.eWaley produsddB Pl b@Fdchérhical f or
the anode. The additive should be hydr ophi li c, proton-conducti ng,

el ect r rabiéon @ah¢ gatbodedb trapsportsd fohuithn cathpdeieisflow IcvéOXY@enéhlloush pértdk4.dati on of
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and/ or zgr coni um hydr
in membrane electrode assembhes which are poor in mechanical strength, while membranes thicker

than 0.5 mm may suffer extreme and damaging dimensional changes induced by swelling of the
polymer by the liquid fuel and water solutions and also exhibit excessive resistance. The jonic
conductivity of the membranes should be greater than 1 ohm™ cm™ for the fuel cell to have a
tolerable internal resistance. As noted above, the membrane should have a low permeability to the
liquid fuel. Membranes of polyethylene and polypropylene sulfonic acid, polystyrene sulfonic acid
and other polyhydrocarbon-based sulfonic acids can also be used depending on the temperature and
duration of fuel cell operation. Composite membranes consisting of two or more types of
proton-conducting cation-exchange polymers with differing acid equivalent weights, or varied
chemical composition (such as modified acid group or polymer backbone), or varying water

contents, or differing types and extent of cross-linking (such as cross linked by multivalent cations
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phosphate. A loading of 0.05 to 0.5 ng/cn? is desired. Electrode
conpositions with additive in excess of 10% may result in an increased

i nternal resistance of the fuel cell and poor bonding with the solid

pol ymer el ectrolyte nenbrane. Conpositions with | ess than 2% of the additive

do not e g yRi TaNY2+ &Y} danitR usePioBRveloctueDpemRatiflif! BRdCAOmMpOIRe fihitedrsi S a
gas diffusion electrode in which platinum particles are bonded to one side
of t he qsnibbfabmisated teachiavieduigh iogicoadeatizByylowdremmdabilityfouths ligpidrineldindrgood
support?dﬁlgtin m bonded to a side of the nenbrane opposite to the anode.
As wi t FFIEFHOCDIYGR SONHYcat hode netal particles are preferably nounted on a
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el ect r cfuak adllyis bcldévedyusiigth protoa-cmdbaingfsohié polyack nremtparef Breddetrglytopre foratdy a
fluoride polymer to provide hydrophobicity needed to create a three-phase
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Cor of erneg<Gosieling bol6 e kes mtebfle SBBaeho 8 afd it st s tRhbioed Birtiidn
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anode. Preferably, flowrates in the range of 10-500 mlliliters/mn. are
used. - Adffarheofisiddratde dlexittibty im theucheicecof matesialssfopabe fudlecellnmulethet dssociated
foll owi ng el ectrochem cal reaction, for a methanol %gt%lrls occurs. rel easing

el ect r GHBsYystems gurthepmorgy nfikgpes cellscich coptpin potggsium ¢ 8§ uapd glegtralytte ed
o ecl OO . :
U oo Pt fBEs b nbPadtidibeanic SUANG Mbbilate e bbflonfll A 6 me3REHEL N

150. Thelifl éRktrolyle/mambranatRikasdfy shuhtdurieatstaheavoidedci rcul ated into the cell by
punp 120. Sinultaneous with the el ectrochem cal reaction at the anode,

anot her el ediICoBREeHilbisirates thg dudl eell per{osmencedyiHeiting &isl eadl posantist 4gginsbeureny gen,
B N T (T T e S
L;S ul't dofutidR aPYE¥@hhd &ERE hlifre prefsutiBQl %8P AT TheBhM ANRradsiBlat S8Iuk 0ASUEN
at about 400 m A/cm? can be sustained by the fuel cell. The optimization of the fuel cell involves
abalance between the current density and efficiency of the cell. FIGURE 4 shows the power density
as a function of current density. The optimum operation point achieves a power density of about 230
m W/cm™ The optimum operating point occurs within a range of current density between 400 and
700 mA/cm?. The cell voltage over this range is between 0.48 and 0.31 volts. Referring now to
FIGURE 5, the transient response of the fuel cell is illustrated. The transient response of the fuel
cell is shown to be about 500-800 ms. This short transient response is suitable for use in arc welders
and therefore large energy storage elements are not required.

A well recognized welding load curve is represented by the equation V = 15 + 0.05I. When
the voltage on a single cell is about 0.44 volts, to achieve a voltage sufficient for welding, a number
of individual fuel cells must be connected in series. Due to losses in the power conversion circuitry,
cable losses, and transient demands of the welding load, a few volts of margin are anticipated. The
margin is based on design experience of typical welding conditions and may be more or less

depending on actual circumstances. The cross-section al area of the cell is determined by the desired
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The positive terminal of the stacks 110 are located on the side where oxidant is supplied and

is connected to the input of the power conversion circuit 200. The negative connection is on the side

where the fuel is supplied and is connected to one terminal of the workpiece 30. Welding circuit 200

is used to regulate the welding current preferably in response to a feedback signal proportional to

welding voltage, welding current or both. Reversing the connections to the welding electrode and

workpiece will reverse the welding load current. A DC negative electrode configuration is often

desired for CO, welding processes.

FIGURE 6 shows the collection of the CO, is shown at the appropriate point in the fuel cell

system diagram. The stack 110 produces an abundant amount of CO, for welding. The CO, may

contain trace amounts of water or methanol vapor that must be removed before feeding the gas to
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As can be appreciated for the foregoing description, a liquid feed direct
oxi dation organic fuel cell is achieved using a proton-conducting solid
pol ymer menbrane as electrolyte preferably wthout the need for a free
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to. FIGURE 5, the transient response of the fuel cell is illustrated. The
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area of the @@kl DCIo B &fn%ﬂ?é@lr@ﬁdtstxﬁ@ wtamkd. e boostBuck converter topology is shown
in FIGURE 7. The boost-buck circuit in welding circuit 200 is designed to increase the voltage to
the electrode without having to increase the number of fuel cells in stack 110. Welding circuit 200
includes a welding control system 220 which is similar to the control system in FIGURE 6. Welding
circuit also includes inductor 250, a capacitor 260 and transitor 270 which is controlled by welding
control system 220 to boost the voltage through the welding circuit. The diodes 280, 290, transitor
300, and includor 310 function similar to the chopper or buck circuit in FIGURE 6 is beneficial to
reduce the number of cells in the stack because this topology can regulate load voltage to levels

above or below the fuel cell voltage. This feature provides much more latitude in the design of the

stack as illustrated in the table below:
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| oad current and the operating current density of the cell.

FIGURE 6, a welding circuit including a buck power converter
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for use with a T1G welder. In welding aluminum, and similar metals, TIG welding is used wherein
a con-consumable electrode, such as a tungsten electrode, is spaced from the workpiece a distance
sufficient to establish an arc when current flow is created by a voltage across the spacing. Since
aluminum oxidizes quite easily, it is necessary to remove aluminum oxide from the welding surface

as filler wire is melted by the heat of the arc and deposited onto the aluminum workpiece. The metal

the gap or spacing between the electrode and workpiece. In accordance with this practice, during
the positive cycle, the electrode is positive with respect to the workpiece; therefore, electrons are

emitted from the workpiece. This process disintegrates and removes aluminum oxide from the

Referring now to FIGURES 8 and 9, a schematic representation of control circuits are shown

is cleaned by using an alternating current power supply for directing an alternating current through

surface preparatory to the immediately following negative cycle wherein the tungsten or other

nonconsumable electrode is negative with respect to the workpiece. Electrons are emitted from the

tungsten electrode in the direction of the workpiece for the purpose of relatively efficient heating in
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system di agram The stack 110 produces an abundant anmount of CO2 for

wel ding. The CO2 may contain trace anmounts of water or nethanol vapor that
nmust be renoved before feeding the gas to -20 the welding arc. A gas dryer
may be needed to assure that the gas is free of contam nating vapors. The
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converter circuits nmay be used. A boost-buck converter topology is shown in
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circuit also’inc udes I'n ctor a capacitor d transtfor

i s contin al T weldene Adwag: proditd 321) ccsymusests imﬂiecs@satchhllgmev\od)ﬂ(age:ohﬂﬂdslom@h
the welding circuit. The_ diodes 280, 290, transitor 300, and .includor 310
funct i GHrasioRiof the nositive and pegstixe pelse Surine te pelding pyele Asmlove indF IGARE Bcthal t o

duration () of the positive pulse is longer than the duration (b) of the negative pulse. A pulse width

adjuster 330 adjusts the pulse duration of the positive and/or negative pulse. As shown in FIGURE
9, the pulse duration (a) of the posiﬁve and negative pulse are about the same during welding cycle
(b). FIGURE 11 illustrates a polarity reversal circuit 340 which reverses the diréct current from fuel
cell 100 to arc welder 20. The switching of the polarity can be by software control.

The welding circuit has the ability to convert a standard direct current fuel cell to an
alternating current power source for use in a TIG welder. This welding operation can also be used
with consumable electrode welding. The consumable electrode is melted and deposited upon the
workpiece by globular transfer, short circuiting transfer, pulse current transfer, etc. In any of these
systems of metal transfer, it may be advantageous to shift from a positive current to a negative
current for pufposes of increasing the electrode melt-off rate or for other reasons. The welding

circuit can be employed for providing a momentary current polarity reversal for use in welding, as
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reduce the nunber of cells in the stack because this topol ogy can regul ate
| oad voltage to |l evels above or below the fuel cell voltage. This feature
provi des nuch nore latitude in the design of the stack as illustrated in
the table below -21 STACK CONFI GURATI ON - BUCK POWER CONVERTER STAGE
Nunberswe:ltasﬁbHTSGmlcEﬁ@.ck 35 45 60 75 100 125 Stack Voltage = 15.4 19.8
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40.0 20.0 2484 1932 1449 115 70 696 erring n FIGQURES 8 and.9,. a
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wel der S; rein
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wor kpi %ﬁs@néﬂléélédﬁ%ﬂes £ Widh DC etifreritQeve i Abeivadldiap caedit Mﬂredﬁwthe REffedth 0farcS
created by a voltage across the spacing. Since alum num oxidizes quite

easi | y,blow bygnoreendarslyrgversing thewvecuwrenti num oxi de from t he wel di ng surface

21 um num vorkgrisie oy HOCRE To.dRE ruel hal VE Ro R ‘o b e Sl Pos

power @éry The Ehrﬂd drit AYnARe ald BANG EBH'& c%H’éﬁﬁBta ﬁ@meﬂcuﬁ 560. BC/DC

spaC| ng et ween t ect rode and wor kpi ece. I n accordance with t
pr act | crcuitietn bg the same type of circuit as described in FIGURES 8 and 9. The current from the

DC/DC circuit proceeds to the switching network 310. The switching network forms the desired
wave shape of the current to workpiece 30. Controlling the switching network is a pulse width
modulator (PWM) 340 which is regulated by oscillator (OSC) 350. The desired wave shape of the
current to the workpiece is set by the STT wave shape profile 360. A background current setting 370
and a maximum current setting 380 are used to modify the wave shape profile. A decaying current
at the end of the wave shape is controlled by tailout setting 390. The welding circuit can adjust the
polarity of the wave shape during a single welding cycle or during different welding cycles by using
the polarity reversing circuit of FIGURE 11.

The specific welding circuit and control arrangement for an STT type of welding is disclosed
in United States Letters Patent Nos. 4,972,064; 5,148,001; and 5,961,836, which patents are
incorporated herein. In general, the stack of fuel cells produce a DC current which is converted into
a pulse by a modulator. The shapes of the pulse are controlled by a shaping circuit to thereby create
a desired current wave shape. The DC current is directed across a welding area which includes a
consumable cored electrode and workpiece.

In the STT process, the electrode alternates between a short circuit condition when the
electrode engages the workpiece and an arcing condition where the electrode is spaced from the

workpiece. During the arcing condition, an electric arc is created between the workpiece and the
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the positive cycle, the electrode is positive with respect to the workpiece;
therefore, electrons are emtted fromthe workpiece. This process
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circuit 340 which reverses the direct current from fuel
workpiece at all times during the welding cycle, thereby preventing the extinguishment of the arc

between the electrode and the workpiece during any phase of the welding cycle.
The electrode 60 is preferably a consumable cored electrode which includes an outer metal

sheath and an electrode core. As can be appreciated, the electrode could alternatively be a coated

S

electrode or solid wire electrode. Preferably the metal electrode sheath is made up of carbon steel,
stainless steel or some other type of metal or metal alloy. Preferably the composition of the metal
sheath is selected to be similar to the base metal component of the workpiece. The electrode core
preferably includes fluxing agents and/or alloy and metals. Fluxing agents may include compounds
to create a slag over the weld bead to protect the weld bead until it solidifies, to retain the weld bead
in position until it solidifies and/or to shield the weld metal during the formation of the weld bead.

The flux may also include components which produce a shielding gas to protect the root bead from
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cell 100 to arc welder 20. The switching of the polarity can be by software
control. The welding circuit has the ability to convert a standard direct
current fuel cell to an alternating current power source for use in a TIG
wel der. This wel ding operation can also be used w th consumabl e el ectrode
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with the additjonal. cagacity to, adjust the re] ative anount of heating, and
o] eani rITSRL PlotIg s dixidendntod Pieh ORI aalig: DRItk bR Azt aon A5 3

contr ol Q4 it | : . of
She. o oakREob R Rud WSl fre 3G LA EA PPRESIoh GO ition Whiel i bfLal O

Ci rcui tto ¢ opdratioref theapatite doattoLeyseeng ibkimconttahs cdieit oitionrprivr to e ddoay
which is caused by magnetic field interaction with the arc plasm, js
nor mal |BPrtiess bewesesdhewlecaying partieg cap ba seffmes © asithe endnefdbe plasma heosbpodignosnt

I | s. di ' ' he eff f o by ..
romont 497 157 PGP ERRG PPEn BT Cerupg PRI RS reeaBp st shifl e

cel | 1Qfe bk chQeQ] HRidPONERtaIR tAe Sihimb ¥P&rc, Wel der. The direct current
fromthe fuel cell supplies current to a DODC circuit 300. The DC/ DC

circuit can Te culrentsanteoltcjrpeit,ah acdordance wib thbgaesentaevention,FhGhiRIES apresaldcted The
current fromthe DC/DC cjrcuit proceeds to the i tching network 310. The
swi t chi %f@t‘%?likﬂ%ﬂ%l,tth@eE%&ieiVé@ln&igGé“gﬁ‘& sz‘ii%rpH@ thergre fiom eveRdrllipgece

30. Co i ' i i ] ator (PW) 340
whi ch %E{O%glﬁiﬁg?stgggﬁé%gﬁl lp‘gt"gﬁ%}({%é L'ad glié %g%dée&s %‘2%"%@%{15 hape of the
current to tiR cuaekRoBeES dirtuis &tdebignédwe piddicwal eheshélligg B thkiele@trd@durfhg the
background current setting 370 and a maxi mum current setting 380 are used

t o nodiplasmarheosiand pddsapepoptient of the waldieg eols gFwther mieltingaf elastrodandoesinot tiewave

f Egpe Ip ace W terrl lel beagkgbrXuxtlcfjl clzlllrgelfltt leve cgclc&% s?ngcg 'the:r ﬁ{ene\:lc\;%lssgll‘yni%r %{eit?nugl the %lae:gtrc(;ﬂ&ie:I ilsJSt,

not obtainable through an arc maintained only by the background current. Thus, the background
current only serves to maintain the arc and the ball of molten metal in the molten state. The amount
of molten metal at the end of electrode which is formed by the plasma boost and plasma is selected
to melt a preselected volume of molten metal at the end of the electrode, and the plasma portion of
the current is reduced to the background current once the preselected volume is obtained. The
duration of the plasma boost and plasma portion can also be selected. During the formation of the
molten metal ball at the end of the electrode during the plasma portion of the current, the jet forces
of the high current repel the melted metal from the welding pool until the preselected amount of
molten metal has been melted at the end of the electrode. Once the current is reduced, the molten
metal is allowed to form into a ball and the molten metal pool is allowed to stabilize, thereby
allowing for a smooth contact between the substantially spherical ball and the quelled weld metal

pool. The desired amount of molten metal at the end of the electrode is controlled by directing a
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polarity of the wave shape during a single welding cycle or during different
wel ding cycles by using the polarity reversing circuit of FIGURE 11. The
specific welding circuit and control arrangenent for an STT type of wel ding
is disclosed in United States Letters Patent Nos. 4,972,064; 5,148,001; and
5, 961, SGselsuiiddadinguat efingrggroe wattaginfpcthatlecirdde dating theplgaagoaion dfiie: wélding of
fuel cells produce a DC current which is converted into a pulse by a

nodul at @fcle. TAE dunagdhe tmethemelien metal balk inbaing fasmeg it thesand nifkle elpsteades theo

t her eby eate . a.desiyed current i DC.cunrent is.dire d
acr oss. OUERes PR GFF oR U nBthn IS MARSnel P Tl e bl v B¢
wor Kpi eg@Biterd Ball Rerafdferred RESHET Mol étgict rode al ternates between a short

~circuit condition when the electrode engages the workpiece and an arcing

condi ti on wh@nee thhmolitentetabtial isSormpedcluding therplasina bopstrakg iteecrdasnDupartign pfithe
arcing condition, .an electrjc. arc.is_created t ween the rkpi ece .and t he
4 e?e\if?ﬂa{sé'yﬂaﬂhsmogt%ﬁgﬂ isrtoreg tn'f%@e eﬁﬁ?ﬁfﬂﬁ?ﬁ@% ﬂt?l desirofls, i e HS’PLt he
el ectr jf s f | | '
Condi 11 Ered? bl glsfe LBURE Condlfd VEEF Hedhol o ABOHUIER o Bt pidiellidhal

and a ppods Teis&anderfrédifito thepddl Gytshifadeltersion. Ahindictib®tauséd an itimaeareikiny dbwat an
arc is created and naintained at all tines for the purpose of snmooth and

ef f ect i efdheumblemmgetaliersendinghetiyeamythe poohandthe warerin thealestrode aad dentairvpiyre 3odr
second nust .be curately controll ed.for,the rpose, of reducin atter at
var | ousseprAia ef it R hSmin G PR yure hérh s Gy EBGpRmroRbtEite AR B, o
at a hi gRahfGY YRICH: tRPBER. NEefekdbBf] ¥RNGireRf cdrltfd] Bt LmWhiHdrs tHERkRAE OF
con\troléllgr ailgl(ﬂabout ailgg}%lo k Hz Witheae d\}\f}gth of th(é successi ve crurrent p%l se
bei/ng deftthe maoled mhataltball such thagwehen dre tebke rapadly rehmpeincdiametet by electBicrpi®i, thee

hi ghest rate_ of the welding cycle is generally in the nei ghbarhood of 100

to 400 Yywentlow dpringthe pnch guryg mesepsesanors graduallpyntil g dstertinolanimpending fise

wel di ng_cucl. T di ' it .di : t ajy.ea 4

accor dgiﬁc%q%lmg?qﬁ t n@%ﬁ%%rdggﬁcgélﬁ g’? a%’hlg{p%u‘%g fﬁ\g;vlg é?‘ﬁﬁsm)t ?J?@Hélrlt csonf1 lé%fll té’rthﬁnti I
t he dr/Hckgrohifd Surtentt GniilBe Rlodeh HREL af @S iehd 3NER)electtbldliraiifers 6l theivisld pables

an upcom ng fuse during the pinch cycle. Wen this detection occurs, the

current fl owheacwest dyring the welddively @inrbeualt positivee @l negetived, ot eroothbinstigntofe
wor kpi epcoesitf.vg arilﬂrcegg. '\%[ Edlgés.dﬁgp aﬁ)tgxdna ix(l)g €ole|1r10t¥\lplro%\feesl, the number of positive polarity current
cycles and negative polarity current cycles are controlled to obtain the desired heat in the molten
metal puddle of the welding operation. If the puddle is too cold, the number of negative polarity
cycles 320 is increased with respect to the number of positive current cycles. The desired ratio is
obtained by appropriate selector circuit in the welding controller.

An alternative control concept can be used wherein each welding cycle is initiated as a
standard negative polarity cycle and is then shifted to a positive polarity cycle at a preselected point
in the cycle. In accordance with this aspect of the invention, the polarity of the rapidly created
current pulses is shifted after the termination of plasma boost portion. Thus, the tailout portion is
divided into a negative portion and a positive portion with an instantaneous shift in polarity.
Thereafter, the current cycle is a positive polarity until the end of the cycle. In this manner, the heat
of the weld puddle is determined by the selection of the time delay for reversing the polarity of weld

cycle. Other modifications could be made to alternate between a positive polarity and a negative
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The background current circuit continues to provide five to seven anps of
current across the workpiece irrespective of the operating condition of the
wel ding circuit. As a result, the background current insures that at | east
five to seven anps of current pass between the el ectrode and the workpiece
at all #d i Pl ' [ Lishment
o he B e B B o o e e
wel di ng cycl Ehe fhventidreledsbeered€0ribesl witke feferaideyto a prefasedrahbadimenteahdedleatatasde
whi ch inclu?es,an out er net al shgath and, an el ectrode core. As_can he

appr eci thersel. {ta beveisd e ];énf’éb’d’ﬂ%ﬂ' palionn aRd giargiians of thegamadimentadisletsd lef
car bon- Py S ffe L A FLRR ol dFiRG f pbFRiAEEd IR abpBRTa el

Pref er alpdsyriftion oTeREIaStioAN1tQ¢ intdhBedBliadludSBRbh modifkafi @R Lad alt@aliéhsShRb lEar to
t he base netal conponent of the workpiece. The electrode core preferably

i ncl udeas théyuxomewitherths seope/of thegiressyt mmehtiont al s. Fl uxi ng agents may i ncl ude
conpounds to create a slag over the weld bead to protect the weld bead
until it solidifies, to retain the weld bead in position until it
solidifies and/or to shield the weld netal during the formation of the weld
bead. The flux may al so include conponents which produce a shielding gas to
protect the root bead from -25 the adverse effects of the environnent. The
all oying agents are also preferably included in the electrode core. The

al l oying agents are preferably selected such that the alloying agents in
conbi nation with the conposition of the netal electrode sheath forma weld
bead having a conposition substantially simlar to the netal conposition of
the workpi ece. FIGQURE 10 shows a desired current profile to produce |ow
spatter during welding. This <current profile is divided into a pinch
portion, a plasma boost portion, a plasma portion and a background portion
wherein the arc is to be maintained. The plasma boost portion, which is
critical to the operation of the spatter control system is the constant
current portion prior to the decay portion; however, the decaying portion
can be referred to as the end of the plasm boost portion or the start of
the plasnma portion. Follow ng the decaying portion, the current control
circuit shifts to the background current |evel which nmaintains the plasm
or arc. The current control circuit, in accordance with the present

i nvention, maintains a presel ected
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background current |evel, thereby preventing the current |evel through the
arc fromever falling belowthe preselected current |ow current |evel and
allowing the arc to extinguish. The current control circuit is designed to
produce all the nelting of the electrode during the plasma boost and pl asma
portion of the welding cycle. Further nelting of el ectrode does not take

pl ace when the background current |evel occurs since the IR necessary for
nmelting the electrode is not obtainable through an arc mai ntai ned only by

t he background current. Thus, the background current only serves to
maintain the arc and the ball of nolten netal in the nolten state. The
amount of nolten netal at the end of el gejngagswhich is formed by the

pl asma boost and plasma is selected to nelt a preselected volunme of nolten
nmetal at the end of the electrode, and the plasma portion of the current is
reduced to thF backg nd curr nt once tgg resel ec i S _,obt ai ned.

The duration of lfﬁltlré%ﬁ%f %%1 0B ARPHAHY 12 {ﬁf‘l%‘g‘h l%ﬁeaéil Ub? PEUPNE ct ed.

Duri ng t &engrid3m@ah bl@d’tn@énefé?@our(ﬁ? b tveRingRiralit, hﬁéléctraﬂe dnbe sigeldingbadsbarcgl@et r ode
during the pl asma portjon of the current, the jet forces  of the high

current ?é‘ﬁ@? eneRRY SH‘EP? iaguding gﬂeaﬁ?%ﬁe%@elb%art@r%ieﬁa%ﬁmatﬁtvphtag@ﬁ%dwré% Pect ed

amount  0faiq WRking Bir Bt aubds e@%ﬁﬂ afEb bR b@?wetextf' ﬁ@é?étu%e atnlapsal@ @Akt aia Once
the current is reduced, the nolten netal is allowed to forminto 'a ball and

t he nolt @tdeaﬁmnafueb@dilcom@rtaﬂglaéwé@t@ gleatiagricrdyzsaid af lvayt engfuclgrll ganerating agas a

smoot h C@&p&qfﬁ}a%gwggg eg%?%cﬁlﬁfﬁgtaﬁf@&s't E‘Hr}’lmﬂ?ﬂ%{d' g%?{no?ﬁgt krofd &gldtfnfg cguelled weld

met al anmoun en netal hé el ectrode
is controlled by directing a -26 preselected amount of energy or mattage

into the electrode, during th I .portion of | e.
bt g Che © it e nerds e R TR Dostite Sha i el B sl Aot B Gout o
el ect r odgonsistig; offaB lidd@actdad] keli, & dsrbit Ghatled, Bycombshatiehsdhdrébrgas fromthe

at nosphere. The shield gases conti nue until the nmolten ball is transferred
into the nolten netal. Once the nolten nmetal ball is formed during the

pl asma boost and e, a@a?ﬁEBaleinﬁédQH Rim e %ér@lh@ﬁd%&%r@duc"t E@luﬁ&'é&@ bal |

is forced into the nolten pool by feeding the electrode into the pool

t her eby $edgcteidritprmathe bronp cariststing ¢arbppmafinpkide catphe diokide, amedmbidativnt ticrebil B

engages the nmolten metal pool, it is transferred into the pool by surface
tension. This action causes an ultimte necking down of the nolten netal

ext endi ng bet4veen Thhapjacmis aaddfidedén vihifg 1+-3) wherindagiceedideudea g otghdio faad r upt ur e

and .
material.

5. The apparatus as defined in claim 4, wherein said organic feed material includes a
liquid feed selected from a group consisting of methanol, formaldehyde, formic acid,

dimethoxymethane, trimethoxymethane, trioxane, or combinations thereof.

6. The apparatus as defined in claims 1-5, wherein said welding circuit at least partially
“ controls at least one welding parameter between said electrode and said workpiece, said welding
‘ parameter includes a parameter selected from the group consisting of voltage, current, energy, power,

polarity, or combinations thereof.

7. The apparatus as defined in claims 1-6, wherein said welding circuit boosts the
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separation of the ball fromthe wire occurs. Since there is only a | ow
background current during the separation, little if any spatter occurs.
Preferably, the current control circuit nonitors the necking of the nolten
nmetal ball such that when the neck rapidly reduces in dianeter by electric
pits, the current flow during the pinch curve increases nore gradually
until a detection-of an inpending fuse is obtained. Once the detection of
an i npendi ng fuse occurs, the current is reduced to the background current
until the nolten nmetal at the end of the electrode transfers into the weld
pool . Tholtage pessid dJentiiqrpergysoyied, daid yeldingceiisuip nchidinggduick pigauit, abgoshiaght i ve,
or a COM@@%?&;&} Lmn8§§w§&ge and negative pulses. For alternating polarity
profiles, 2 nunb ositive polarity current cycles and negative
polarity current cycles are controlled to obtaln the desired heat in the
nolten et al pud e of the |f the.puddle.is tqo_cold,
the nunber of> negat’t JBPIRIISF bned ‘38?2 P?elflr‘?ﬁﬁde‘%%‘gﬁg WP PRIPEE to the
nunber ofvaposbpd d»fealﬂkmﬂiﬁiﬂtva&yfﬁhﬂﬁ) saﬂ'mecde@d red ratio is obtained by
appropriate selector circuit in the welding controller. An alternative
control concept can be used wherein each welding cycle is initiated as a
standard negag i ve 1elagpdritis Qy@éfﬁe@ﬂfjclmﬁlstlhﬁr\v&mufl 584 elcttrdcN9d cbhsimabR!l ari ty
cycle at a preselected point in the cycle. In accordance with this aspect
of the iplodrdeon, the polarity of the rapidly created current pulses is
shifted after the term nation of plasma boost portion. Thus, the tail out
portion is divided into a negative portion and a positive portion with an
i nst ant aneouslGshi fTthe bppapedbsas défined inTliedm Oak hiceein sdiheleattode BAflug yarkdelédrode.
positive polarity until the end of the cycle. In this manner, the heat of
the weld puddle is determ ned by the selection of the time delay for
reversing thepol amktappRituyved defined Gh SlaindOh@T 10T Rhedeincid 6RBwESEI dlcbitoderde t O
alternate between a positive polarity and a negative -27 polarity for the
current pmlug@%al pyiggremenepfyingepigd pf the elegttode fodpim diyeld ﬁ%adrbéwlg pfubstatiai| di ng -

oper at i o ilar 3 ébgﬁ&p&hﬂp“?%%mggggfQ§§ﬁﬁhggg with reference to a preferred

enbodi nent an | t er nat es r eof I's pbelieved that many nodifications
and alterations of the enbodi nent dlsclosed mnll readlly suggest thensel ves

to those skil ized I JEhe '?\l}%n?l Srelts 8? 1n Sa (ajl #O f‘?lrsg q&m Flg'cu?t ﬁ&&&' Led

description of "the T'nh e TR el
nmodi f i catureeaspadiily alntrellatd @asgolitie Iﬁ)&rﬂ}aff at last dﬂwtyorﬂmmnttpbssmgttﬂreugmmpe of

t he pr esglgg Oldre]vent i on.

13.  The apparatus as defined in claims 1-12, wherein said fuel cell includes a plurality

of stacked fuel cells.

14.  The apparatus as defined in claim 13, wherein said stacked fuel cells have a stack
voltage of at least about 15.4 volts and generate sufficient energy to generate a welding current of

at least about 100A and a welding voltage of at least about 20 volts.
15.  The apparatus as defined in claims 1-14, wherein at least one of said fuel cells has

an optimum transient response time between about 500 to 800ms and an optimum operating point

within a current density between about 400-700 mA/cm’.
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-28 CLAIM5S 1. An electric arc welding apparatus for form ng a wel di ng bead
on a workpiece conprising an electric energy source, a welding circuit, an
el ectrode and a shielding gas source, said electric energy source including
at least one fuel cell that provides sufficient voltage and current to said
welding circuit to cause an electric arc to form between said el ectrode and
sai d workpiece, said at |east one fuel cell converting a feed into electric
energy, said at |east one fuel cell generating a gas product, said
shielding gas including at |east a portion of said gas product from said
fuel cell, 2.16fhe Hhspapaetusasdeliged inrdaimp 4-18| wherpin salamlfgmmcwudlrﬁqjeg acel | is
sel ect ed pfers n%@técﬁﬁlogﬁt%'f er AP biBde Ve MmNl Ba ol or S8l biooabltii! T ue!
cell, or I nations t Re apparatus as |ne InclairmF or 2,
wher ei n saﬂﬂmgésgpmbduct i ncl udes a gas selected fromthe group consisting
car bon nonoxi de, carbon di oxi de, or conbinations thereof. 4. The apparatus
as defined in clains 1-3, wherein said feed includes an organic feed
material. 5. The a]pﬁéhlppirhl‘,&s asddfiabd medaimg 1cl6ainvitrdin saldev@ding siadudt iaclgdRiac f eed
material ingcludes a uid feed selected fr up consi stjng. of

ot hanol WeKSha oAy FHOMIRIE GBS 0 i EeTOAGHT R St et Syienane,

Lrioxaneq it kARt BRhicARMAnBRLARI anPa selOiR ARBR AT @&elﬂﬁ% bhgdr.i n clainms
1-5, wherein said welding circuit at least partially controls at |east one

wel di ng paranmeter between said el ectrode and said workpiece, said meldlng

parameter incjydes, g .Hak3PRLEC a?@lvﬁfdf ggo FJn%’E&J‘@b%E%HQ “%ﬂﬁ;%céts%{aqne

vol tage, current, energy, power i nations thereo 7. The
apparatusompnmmglned in clalns 1- 6, mhereln said welding circuit boosts the
-29 vol tage of, said eéectrHc egergy source, said welding circuit including a
buck circuit,¥a bdbRPYBERRCICEOMEUTt, or combinations thereof. 8. The
apparatus as sefi ngeviding eh aliettsc &ne?gy sotiee ehithpaddicovel g, Qid debtiic @emlyr ol s

the wvav Es}ousrcr:]eauecei\uc?lflg ast laélaé;cI ogeufzgl%gltl sm \qu%I c]:ceﬁ rfcgpmgnog asggls I()jroglllC?\%%‘llI;ﬁ(l) gan atleast partially
be used as a shielding gas;
c) providing a welding circuit to at least partially control the voltage, current or
combinations thereof of an arc that forms between said electrode and said workpiece; and,
d) at least partially directing said gas product to said workpiece during the formation of

said weld bead.

19.  The method as defined in claim 18, wherein said fuel cell is selected from the group

consisting of an indirect fuel cell, a direct fuel cell, or combinations thereof.

20.  The method as defined in claim 18 or 19, wherein said gas product includes a gas

selected from the group consisting carbon monoxide, carbon dioxide, or combinations thereof.

21.  The method as defined in claims 18-20, wherein said fuel cell at least partially

converts a hydrogen containing feed into energy.

22. The method as defined in claim 21, wherein said hydrogen containing feed includes
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9. The apparatus as defined in clains 1-8, wherein said electrode is a
consunmabl e electrode. 10. The apparatus as defined in claim9, wherein said
el ectrode is a flux cored electrode. 11. The apparatus as defined in claim
9 or 10, wherein said consumabl e el ectrode includes alloying conmponents in
a cored of the electrode to forma weld bead having a substantially simlar
conposition as the conposition of said workpiece. 12. The apparatus as
defined in clainms 1-11, wherein said welding circuit includes a current
polarity controller to control the polarity of at |east aportion the current
passi ng ehpgajhiesdmgterial ectrode. 13. The apparatus as defined in clains
1-12, wherein said fuel cell includes a plurality of stacked fuel cells.
14. The apparatus as defined in claim 13, wherein said stacked fuel cells
have a stack 2¥ol t’ﬁ@@leﬂﬁoda's defagdtin a]b’muzz Metbim&aidagamdfegénmteaaldn@uﬂes aci ent

vor 1 age. SRR SRL e botim o6 G eonsiie e mefRp. T e | Rete T ai e

1-14, vvharmxglhethﬁ@§ﬁqn@ﬂ@xﬁﬁetﬁﬁemlbx@k, d? @bthBindMas thefeoPt | Mum t ranSI ent
response tine between about 500 to 800ms and an optinmum operating point

within a current density between about 400-700 mA/cnR. -30 16. The apparatus
as defined i mgl aifig mkinba as MAREF Bla RN 19- z‘é/exkrﬁjérélﬂszﬁd»(ré?lﬁﬁlgc@du'it%%és%@ally

presel ected amount of energy to said welding wire to nelt a desirted Vol une
of said etréwisasdrastdur Walfingammimeis betvaen widdlectrodgandra \&(pbm@s gasd weldigef i ned

i n cl .a' ”E?{axpg‘tgr 1né‘i’h£5 gﬁﬁarﬁ&ér%?lwcﬁo Tons (}:}g %rlrogpgéogm dtﬂl%lo%lgcﬁ%g lllr% e{g%/rp%\ue{ ent

circuit supp I es curren sal ren

circuit poletitydorrrgmbmations sHeref.r cuit to create a transfer current and a second
circuit to create a nelting current. 18. A nethod of electric arc welding to
forma weld bead on a workpiece, said nethod conprising: a) providing an

el ectrode; 25.  The method as defined in claims 18-24, wherein said welding circuit boosts the
voltage of said electric energy source, said welding circuit including a buck circuit, a boost-buck

circuit, or combinations thereof.

26.  The method as defined in claims 18-25, wherein said welding circuit controls the

wave shape of said current wave form to said electrode.

 27. The method as defined in claims 18-26, wherein said welding circuit directing a
preselected amount of energy to said welding wire to melt a desired volume of said electrode during

each welding cycle.
28.  The method as defined in claims 18-27, wherein said welding circuit includes a
welding current circuit that supplies current to said electrode, said welding current circuit including

a first circuit to create a transfer current and a second circuit to create a melting current.

29. The method as defined in claims 18-28, wherein said electrode is a consumable

electrode.
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b) providing an electric energy source which produces a current, said

el ectric energy source including at | east one fuel cell, said fuel cel
form ng a gas product which can at |east partially be used as a shielding
gas; c) providing a welding circuit to at least partially control the

vol tage, current or conbinations thereof of an arc that fornms between said
el ectrode and said workpiece; and, d) at least partially directing said gas
product to said workpiece during the formation of said weld bead. 19. The
met hod as defined in claim 18, wherein said fuel cell is selected fromthe
group consi s8¥-ng Bre mathddrgdefened irf glaim 29ewherein said eleetrode ise|flugepred elgptrode.

conbi nati ons thereof. 20. The nethod as defined in claim18 or 19, wherein
said gas product includes a gas selected fromthe group consisting carbon
nonoxi de, carBbn ditexeted as)defm@dﬁbblaiamlstm% t\ﬁere?ﬁrxhidcomlmaﬂlheleamdhmdluda
defined i ns ceI east converts
o hyar ogdlofuhteTme P astief af b efidds o Bim S5y B WSS R  ar
21, wher ebmpssition abyHArcompositidNIf diidivdekpleeed i ncl udes -31 j an organic feed
material. 23. The nethod as defined in claim22, wherein said organic feed

material includes a liquid feed selected froma group consisting of
nephanol, f0r§?'dehMQ%wﬁ%@%Hh&hﬁﬁhﬂdmﬂ@Fﬁ%ﬁ@%ﬂﬁﬁﬁ@ﬁﬁ@ddﬁgbﬁ@ﬁ@ﬁ&ﬁ&%%hane
tri oxane, or conbinations thereof. 24. The nethod as defined in clains

18- 23, mgﬁr@itnolsrsnydomy@lllentﬁgorxtfpktbwaarar oiiﬂékqs&t apitien the pyrrenyeptingshrouglisaideast
one wel ding, paranmeter between said el ectrode and said workpiece, said

wel di ng paraneter i ncludes a paraneter selected fromthe group consisting
of voltage, current, energy, pomer polarity, or conbinations thereof. 25.

The et hod f | t boost
(he "ol tage 3t sal G feeme s i rarelin fstar g e eai eyl Ui ng

a buck cistagkHdtfuel@ellkoost - buck circuit, or conbi nations thereof.

34, The method as defined in claim 33, wherein said stacked fuel cells have a stack
voltage of at least about 15.4 volts and generate sufficient energy to generate a welding current of

at least about 100A and a welding voltage of at least about 20 volts.

35. The method as defined in claims 18-34, wherein at least one of said fuel cells has an
optimum transient response time between about 500 to 800ms and an optimum operating point

within a current density between about 400-700 mA/cm?,

36.  An electric arc welding apparatus for forming a welding bead on a workpiece
comprising an electric energy source and a welding circuit, said electric energy source providing

- sufficient voltage and current to said welding circuit to cause an electric arc to form between said
an electrode and said workpiece, said welding circuit at least partially controlling at least one
welding parameter between said electrode and said workpiece, said welding parameter includes a
parameter selected from the group consisting of voltage, current, energy, power, polarity, or
combinations thereof, said energy source includes a plurality of fuel cells having a stack voltage of

at least about 15.4 volts and generating sufficient energy to generate a welding current of at least
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26. The nethod as defined in clains 18-25, wherein said welding circuit
controls the wave shape of said current wave formto said el ectrode. 27.
The nethod as defined in clainms 18-26, wherein said welding circuit
directing a preselected anmount of energy to said welding wire to nelt a
desired volunme of said electrode during each welding cycle. 28. The net hod
as defined in clains 18-27, wherein said welding circuit includes a welding
current circuit that supplies current to said el ectrode, said welding
current circuit including a first circuit to create a transfer current and
a secondatut A amda weldiag eoltagaef au‘ leayt ghout Zhtelts 29 leafthene mf sdid fhchsellddfinged i n

clains 18- ein said eIe el ec rode. .-32.30. The
ohod st AR S By Bnie s SF B0 el R B S ATRTREL G0 FSEb PRI wean
electrode. 31. The nethod as defined in claim?29 or 30, wherein Sald
consumabl e el ectrode includes allqying conponents in a cored of

th
el ectrode to ¥or mide aenagpiysets definediinglaiip 3q, pdiergiy 3t gastypng P?ﬁanaPluraEB’rﬁfé%‘iltl on as

the conp@gistya@ln %Ltl@ahdra\ﬁge&%@%ﬁse tRAe b%@el{%hpﬁooaﬁ, SURf Gl b oY
18-31, wherein said welding circuit includes a current polarity controller

t 0 cont r eperating ppiof within g cofrent d¢n§é)§bet‘aeq9@bt)lltéﬁo-t7%mém ent passing through
said electrode. 33. The nethod as defined in clains 18-32, wherein said
fuel cell includes a plurality of stacked fuel cells, 34. The nethod as
defined in cl3 m I8¢ apfhaeanai as dsfied is tlamk @6loff Irevhereinl sgidlvartey sousdedndtudeval t age

of at | east,. about. 15.4 volts . and ate sufficient,.en enerate a
vl di ng. BEHgaTaEo Histeaihe olR Ao BRSNS RiFEY ARG NP TGS s RO IE
about 203 y@ktcsrcuiBa boddBudkedifdeE oasortlsihdtiagdthtrof! ai 8 18- 34, wherein at | east
one of said fuel cells has an optinmumtransi ent response tine between about

500 to SOOns and an optinmum operating point wthin a current density
bet ween about3¢400-r{08, H?defﬁ@d in Oin 388" Witer&th &t 19981 Sk B RAPRAIA iFud OF

form ng a wel di ng bea on a workpi ece
cells consumes a hydrogen containing feed.

40.  The apparatus as defined in claims 39, wherein said hydrogen containing feed

includes an organic feed material.
41.  The apparatus as defined in claim 40, wherein said organic feed material includes a
liquid feed selected from a group consisting of methanol, formaldehyde, formic acid,

dimethoxymethane, trimethoxymethane, trioxane, or combinations thereof.

42,  The apparatus as defined in claims 36-41, wherein said energy source controls the

wave shape of said current wave form to said electrode.

43.  The apparatus as defined in claims 36-42, wherein said electrode is a consumable

electrode.

44, The apparatus as defined in claim 43, wherein said electrode is a flux cored electrode.
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conprising an electric energy source and a welding circuit, said electric
energy source providing sufficient voltage and current to said wel ding
circuit to cause an electric arc to formbetween said an electrode and said
wor kpi ece, said welding circuit at |least partially controlling at |east one
wel di ng paraneter between said el ectrode and sai d workpi ece, said wel ding
paraneter includes a paraneter selected fromthe group consisting of

vol tage, current, energy, power, polarity, or conbinations thereof, said
energy source includes aplurality of fuel cells having a stack voltage of

at | east abouts. 15 Tdie vuppargusaasddeiestbinadlaimgd Isof 44i, eiheretn @irbccglyumablgelaﬁroaw a

wel ding cu ren nd a n vo t age at

east | SbBEPSRoghs Smespatynapoih 8T Aedpee 38 Surli b dites bBREBY ™ ¢ om

t he grougmgen@hpbiitiéh Rfthcaddnipasitisestsaldwirkiak! , a direct fuel cell, or

conbi nati ons thereof. 37. The apparatus as defined in claim36, wherein at

| east one of said plurality of fuel <cells has an optinumtransient response
time bet V\een_@boutT@% Eﬁmgdeé}‘ﬁle@ﬂfjclﬁﬂls@@% Wﬁ@rmﬁ@ﬁﬂ%ﬁér@ﬁso‘&ﬁ!e%clﬂ&e?a hin a
current density betmeen about 40 . The apparatus as defined
in clai nﬂsﬁnmola@rfy,covmglieetqvostmldle@nbngsof stdw@@ortmlthmgelmamgdnwh@md cuit to
i ncrease ggﬁﬂ%oltage of said electric energy source, said welding circuit
|nclud|ng uck circuit, a boost-buck circuit, or conbinations thereof.

39. The apparatus as defined in clains 36-38, wherein at |east one of said

plurality of fuel _cells co nme en_cantai nin 0. .Th
apparatus as defi E@ﬁaﬁmraﬁséf%g‘ %‘g‘n%}’i‘}é’gg 4% ‘g]éﬁr?}nf‘n 1ol gﬂgs@gﬁf ém?%”q?eed

i ncl udescaul fengdahspro@REwRRA | at fhst pdrdiallyked aPPaicMigsgas defined in clai m 40,
wherein said organic feed material includes a liquid feed selected froma

group consi sting of methanol, fornal dehyde, formc acid, dinmethoxynethane,

di met hoxymet hgne, T‘héb@ééﬂﬁ as &ﬁn%ﬁﬁbﬂﬁi e 084 g{ﬁgrodﬁ& 1nc-[1|a€s a{%ﬁ?&[e@ﬁe&'s as

defined in clains wherein sald energy sou controls wave shape
of sai d Gomrtlergrowpspesitmgof tabeamehoxidectartpdalioxi®, ortembampensdheneoias defined in
clainms 36-42, wherein said electrode is a consunmable el ectrode.

49.  The apparatus as defined in claims 36-48, wherein said welding circuit directing a
- preselected amount of energy to said welding wire to melt a desired volume of said electrode during

~ each welding cycle.

50.  The apparatus as defined in claims 36-49, wherein said welding circuit includes a
welding current circuit that supplies current to said electrode, said welding current circuit including

a first circuit to create a transfer current and a second circuit to create a melting current.

51. A method of electric arc welding to form a weld bead on a workpiece, said method
comprising:

a) providing an electrode;

b) providing an energy source which produces a current, said energy source includes a

plurality of stacked fuel cells, said energy source includes a plurality of fuel cells having a stack
voltage of at least about 15.4 volts and generating sufficient energy to generate a welding current of

at least about 100A and a welding voltage of at least about 20 volts, at least one of said fuel cell is
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44. The apparatus as defined in claim43, wherein said electrode is a flux
cored electrode. -34 45. The apparatus as defined in claim43 or 44,
wherein said consumabl e el ectrode includes alloying conponents in a cored
of the electrode to forma weld bead having a substantially simlar
conposition as the conposition of said workpi ece. 46. The apparatus as
defined in clainms 36-45, wherein said energy source includes a current
polarity controller to control the polarity of at |least a portion the
current passing through said electrode 47. The apparatus as defined in

cl ai ns 36ledBd fromdhegroupabnsistag of ap imaliredt fisbiet], qlingethdl toll apfl cdrthationethérsoff or ns a
gas prodﬁﬁt which is at |least partially used as a shielding gas. 48. The
apparatus as defined in claim47, wherein said gas product includes a gas
sel ected frem t heupphyonpsakiongests fogm ah adetw@on s elxdtdde ambsaldovorkipiess) de, or
conbi nati ons thereof 49. The apparatus as defined in clainms 36-48, wherein
said welding circuit directing a preselected anount of energy to said

vel ding wiresho nMghi maimd@sd deBifledviflcIAE 5 Ofinciiith 16 ﬁﬁﬁ SRS idlHE diGst Rk wel di ng
cycle. 50. The apparatus as defined in clains 36-49, wherein said wel

. . _wel di ng
circuit ¢eHe huvdrssancoptippingirangicaiesnonse e bafveent dhaut X0 ip BP@ms end arepptimum sai d

el ect 1 00, 5k o MRl S0 ot Bl flth LidRGh0IdWla el | TST cireuit to create

a transfer ent and a second circulit to Ccreate a nelting current. 51. A
met hod of electric arc welding to forma weld bead on a workpi ece, said

met hod conprd,si ng; a)_providing.an el ectrode; b tpvidi ng _an.ener source
Wi oo ogues: s S Peipd S artired b tat SCHF Sl Bl PuBhiRRg

st acked We¢l@ing cRduitIo ingrhdd RNItEE 0T Odid Electtid\&letby85urde, PAid waldidgyireiit thtiedingel | s
having a stack  voltage of at |east about 15.4 volts and generating

suf fi ci ehPuckisulya bershhurkiciiret, &7 sastinatignthseent of at | east about 100A and
a wel ding voltage of at |east about 20 volts, at |east one of said fuel cel

is -35 selected fromthe group consisting of an indirect fuel cell, a
direct fuel &él| Themethathpsdefinedia clajnes Ho¥3, including the step of feeding at least one of

said plurality of fuel cells with a hydrogen containing feed, said at least one fuel cell at least partially

converting said hydrogen containing feed into energy.

55.  The method as defined in claim 54 wherein said hydrogen containing feed includes

an organic feed material.
56.  The method as defined in claim 55, wherein said organic feed material includes a
liquid feed selected from a group consisting of methanol, formaldehyde, formic acid,

dimethoxymethane, trimethoxymethane, trioxane, or combinations thereof.

57.  Themethod as defined in claims 51-56, wherein said energy source controls the wave

shape of said current wave form to said electrode.

58. The method as defined in claims 51-57, wherein said electrode is a consumable

electrode.
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and, c) supplying said current to forman arc between said el ectrode and
sai d workpiece. 52. The nethod as defined in claim51, including the step
of providing at |east one fuel <cells having an optimumtransient response
ti me between about 500 to 800 nms and an optinmum operating point within a
current density between about 400-700 mA/cnR. 53. The nethod as defined in
claim51 or 52, wherein said energy source includes a welding circuit to
i ncrease the voltage of said electric energy source, said welding circuit
including a buck circuit, a boost-buck circuit, or conbinations thereof.

54. The nethodg.as TefhdesH dsdefdediin@aimls8whertinGditl dlefiehde en Mix@pBredklcte/di ng at
| east one of said plurality of fuel cells with a hydrogen containing feed,

said at |east one fuel cell at least partially converting said hydrogen

contai ni ng fegg i nfiR n%?ﬂd%detﬁéd in EREm g@&ﬁ@%@eﬂﬁidc'aﬁgnﬂagle%ie@t'rcme%ldﬁgse rein

sai d hydrogen containing feed includes an organic feed materi al The
met hod aglleidhg epaepopentsingicered Bf theisleeiedds te tor agrelhiprad ha\e@a svhstentially sumlerl udes a

liquid f%g%p&ﬁhgﬁ& 6%yﬁ§%ﬁnﬂﬁ%gﬁ &gtlng of nethanol, fornal dehyde,

form c aci ane oxynet hane, trloxane or conbi nati ons
t hereof. 57. The nethod as defined in clains 51-56, mhereln sai d energy

source control th shape of sai r.r ve fo | ectrode.
oo The ot hofibas TaPHGe Fiyeiredin ook 0 igiding BY Sen & B talineabpofasi
CONSUEDIght 1615686 the cGerFass peursih B cRgodief | e | |n Clam 58, wher ein
said electrode is a flux cored electrode 60. The nethod as defined in

claim58 or 59, wherein saidconsumabl e el ectrode includes alloying

conponents inga c Orlgeddpf};{raﬁlpﬁ EhERLE agfhsEP 61 MR Rl Qeﬁ?@ﬁeﬂ?ﬁhﬁﬂz ﬁs;i%%: o 61

substantially sim conposition as e conp05| Ion of sa
The met hadzasprodedt foredd fromeilt Eastondaf Bid, pluraliy ofifuelcetlhe shispding gasont r oI ling the
polarity of at |east a portion the current passing through said el ectrode

63.  Theapparatus as defined in claim 62, wherein said gas product includes a gas selected

from the group consisting of carbon monoxide, carbon dioxide, or combinations thereof.

64, The method as defined in claims 51-63, wherein said energy source includes a
welding circuitto at least partially control at least one welding parameter between said electrode and
said workpiece, said welding parameter includes a parameter selected from the group consisting of

voltage, current, energy, power, polarity, or combinations thereof.

65.  The method as defined in claim 64, wherein said welding circuit controls the wave

shape of said current wave form to said electrode.

66.  The method as defined in claim 64 or 65, wherein said welding circuit directing a
preselected amount of energy to said welding wire to melt a desired volume of said electrode during
each welding cycle.

67.  The method as defined in claims 64-66, wherein said welding circuit includes a

welding current circuit that supplies current to said electrode, said welding current circuit including
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62. The apparatus as defined in clainms 51-61, including the step of at |east
partially using a gas product forned fromat |east one of said plurality of
fuel cells as a shielding gas. 63. The apparatus as defined in claim®62,
wherein said gas product includes a gas selected fromthe group consisting
of carbon nonoxi de, carbon di oxi de, or conbinations thereof. 64. The nethod
as defined in clains 51-63, wherein said energy source includes a welding
circuitto at least partially control at |east one wel ding paraneter between
said el ectrode and said workpiece, said welding paraneter includes a

par anet et fissbtiwyit &creatopiranser grrsnpand@rissond chgpilgp Cregigaupeiing @ueMent , ener gy,
power, polarity, or conbinations thereof. 65. The nethod as defined in claim
64, wherein said welding circuit controls the wave shape of said current
wave formto said electrode. 66. The nethod as defined in claim®64 or 65,
wherein said welding circuit directing a preselected anount of energy to
said welding wire to nelt a desired volune of said el ectrode during each
wel ding cycle. 67. The method as defined in clains 64-66, wherein said

wel ding circuit includes a welding current circuit that supplies current to
said el ectrode, said welding current circuit including -37 a first circuit
to create a transfer current and a second circuit to create a nelting
current. -38 ‘
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