COOLANT SYSTEM FOR FUEL PROCESSOR BACKGROUND OF THE INVENTION 5FIELD OF
THE INVENTION The present invention pertains to fuel cell power plants and, ore particularly, to a
coolant system for an integrated fuel cell power plant. DESCRIPTION OF THE RELATED ART 10Fuel
cell technology is an alternative energy source for more conventional energy sources employing the
combustion of fossil fuels. A fuel cell typically produces electricity, water, and heat from a fuel and
oxygen. More particularly, fuel cells provide electricity from chemical oxidation-reduction reactions and
possess significant advantages over other forms of power generation in terms of cleanliness 15 and
efficiency. Typically, fuel cells employ hydrogen as the fuel and oxygen as the oxidizing agent. The
power generation is proportionabtortAercensumplisoraieraf thr aeactants. A significant disadvantage
which inhibits the wider use of fuel cells is the lack 20 of a widespread hydrogen infrastructure.
Hydrogen has a relatively low volumetrrc energy densrty and |s more difficult to store and transport
than the hydrocarbon fuels currentrti&ds 3% drdiafddlsystems. One way to overcome
this difficulty is the use of "fuel processors” o reformers to convert the hydrocarbons to a hydrogen

rich gas stream which can be used asﬁ%gé?rfﬁ% ﬁ@{}ﬁ%}igﬁcarbon 25 based fuels, such as

natural gas, iPG gasoline, and diese as fuel for most fuel cells. Current
art uses multi-step pro&"@%ﬁé@%’rﬁﬁﬁiﬁ@ﬁﬁ%ﬁr@l Bshrrdrepsreprbasse dritte Saverar gidan-up
processes. 'The iniiialpracesshismnesiniiengterndeforming.tSR"), autothermal refonning ("ATR"),
catalytic partial oxidation ("CPDX"), or non-catalytic partial oxidation (‘'PDX"). The clean-up processes
are 30 usually comprised of a combrnatron of desulphunzatron high temperature water-gas shift, low
temperature water-gas shift, sele2tixé dat{dabd Ige Bélb&As Qi inethanation. Alternative
processes include hydmeeébﬁebegﬁmegsnmrmtersrgmoﬁrﬁers@r motdtisvanapyatypes of fuels
can be used, some, of them hybrr Wrth fossrl uejfs bugtih fjeal ueI |SH1Mdrqtgen Af H‘re fuel is, for

J
instance, hydrogen gljnenutrﬁe COfﬁ n IS ver uSC egn an as a ractlca matter on?y the water is left

after the drssrpaﬂm%emcmumrewémﬁé%aﬁérﬂ i %ﬁeenﬁéﬂerp@rwere&ﬁbny. Most

readily availabledfinel$«(8:@e BRMSHPaRPIORANGIABLGESAIBELEMI RYaDIBEIRSSRQMMON ones (e.g.,

methanol and etha c) inclérde hydro endn their mqlecular structure. %ome %ref eIlJ |mplementat|ons
€5, ofher forms o it termg of clean

therefore employ ue proces or that processes d partréguf1 tel to proauce a re’llatrvely pure

hydrogen streanitdsdticierfiyel Typically, fuel cells employ hydrogen as the fuel and oxygen as the

oxidizing agent. The power generation is proportional to the consumption rate of the

.-‘ii:,‘

reaciands.

A significant disadvantage which inhibits the wider use of fuel cells is the lack

20 of a widespread hydrogen infrasttucture. Hydrogen has a relatively low volumetric
energy density and is more difficult to store and fransport than the hydrocarbon fuels
currently used in most power generation systems. One way to overcome this
difficulty is the use of “fuel processors” or “reformers” to convert the iydrocarbons to

a hydrogen rich gas stream which can be used as a feed for fuel cells. Hydrocarbon-

2s  based fuels, such as natural gas, LPG, gasoline, and diesel, require conversion for use
as fuel for most fuel cells. Current art uses multi-siep processes combining an initial
conversion process with several clean-up processes. The initial process is most often
steam reforming (“SR’), autothermal refonming (“ATR™), catalytic partial oxidation
(“CPOX"), or non-catalytic partial oxidation {*POX”). The clean-up processes are

30 usually comprised of a combination of desulphurization, high temperature water-gas
shift, low temperature water-gas shift, selective CO oxidation, or selective CO
methapation.  Altermative processes inclhude hydrogen seleclive membrane reactors

and filters.



the fuel cell. A processor for a typical Polymer Electrolyte Fuel Cell ("PEFC"), also known as
Proton Exchange Membrane Fuel Cell ("PEMFC"), generally comprises of reactor sections for
hydrocarbon reforming, water gas shift and oxidation reactions. The reactions are carried at elevated
temperatures and are a combination of heat generating, heat consuming or constant temperature
variety. Therefore, heat management is critical for proper operation of the processor. Cool reaction
feeds can be used to preheat the reactants, while cooling the products, thus managing the heat within
the processor. One difficulty with conventional cooling subsystems is the dependence between the
reactor cooling and the temperatures of the reactor feeds and products. Another problem is that the
fuel cell power plant, i e., the fuel cell and its fuel processor, are frequently housed in a cabinet, which
causes additional heatﬂ'ﬁs agement prggblklgms. Conventional approaches to these problems applies a

n
separate cabinet cooler. HoWaver e SEIATAHE MaBiFbremsiet damvursisy wilpstitfesower and cost
efficiencies of thé'Bolversnitalsia Wiiotgen.  Thesprsk, imve plioRds diveried topeselving, or at least
reducing, one or a:efithe: REcklenms meptione ve, SUMMARY A coolant subsystem for use in

l? ohee A KilaL’{Mr Dinrglatél(?o?ﬁgeﬁé% {iahdmbodiment of

a fuel processor(%nd a method for its operation are disclosed.

the disclosure, the" EBBIGhERHBE PetsHPRieR 94 it et dbfe cehtonthoprot dsseresnior and is
capable of circuldisgreeddpataiitiilerbleiiydhe m@g@@g@r&g@g{@@nmgm&rg%gg@v@g@ﬁal es,sgcond
embodiment of t@ﬁrﬂﬁ@&edﬁééjiﬁ%osﬁé%a@ﬁ cogsﬁt%ue elemgnts af the fuel processor are housed in a
cabinet, and the coolant subsystém is capable 6f ¢00 nngl%% f I ppe desBFremeletind the interior of

the cabinet.  SH''ifst 2Epeéickrelcmrlsrovitiéiona foret frecagsoy, compradgEasessar reactor; a feed
to the processorpm&sm;@M&M@ﬁﬂt&ﬁﬁﬁﬁ%&%ﬂéﬁ%@&%}é@%}@&&e&%ﬁ%% gg%aglg of circ the
processor reactgy, a;..Fogfant through _

A processor for a typical Polymer Electrolyte Fuel Cell {“PEFC™}, also known
as Proton Exchange Membrane Fue} Cell ("PEMFC™), geverally comyprises of reactor
sections for hydrocarbon reforming, water gas shifi and oxidation reactions. The
reactions are carried at clevated temperatures and are a combination of heat
generating, heat consuming or constant temi)eranlre variety.  Therefore, heat
management 1s eritical for proper operation of the processor. Cool reaction feeds can
be used to preheat the reactants, while cooling the products, thus managing the heat
within the processor. One difficulty with conventional cooling subsystems iz the
dependence between the reactor cooling and the temperatures of the reactor feeds and
products. Another problem is that the fuel ce]] power plant, i.e., the fuel cell and its
fuel processor, are frequently housed in a cabinet, which causes additional heat
management problems. Conventional approaches to these problems applies a separate
cabinet cooler. However, the separate cabinet coolers adversely mmpact the power and

cost efficiencies of the power plant as a whole,

The present invention is directed to resolving, or at least reducing, one or all of

the problems mentioned above,

SUMMARY
A coolant subsystem for use in a fuel processor and a method for its operation

are disclosed. In accordance with one embodiment of the disclosure, the coolant subsystem

is separate from the feed to the processor reacior and is capable of circulating a
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In a second aspect, there is provided a power plant, comprising: a fuel processor, including: a
processor reactor generating a reformate; a feed to the processor reactor; and a coolant subsystem
separate from the feed and capable of circulating a coolant through the processor reactor; and a fuel
cell powered by the reformate generated by the processor reactor of the fuel processor. In a third
aspect, there is provided a method for use in processing a fuel for use in fuel processor, comprising:
feeding a fuel, water, and air mixture to a processor reactor; reforming the mixture in the processor
reactor; and cooling the processor reactor with a coolant separate from the feed mixture to control the
temperature of the reforming. BRIEF DESCRIPTION OF TILE DRAWINGS The invention may be
understood by reference to the following description taken in conjunction with the accompanying

drawings, in whictPfike: fefersritemumeraisddentifydike.elemanis.arid Jaghich;, ., FIG. | conceptually
illustrates a fuel precessonsonstiiciedand apgratedin.accordance with the present invention; FIG, 2
s YRGS B ¥ 8hicts one particular

illustrates one paggi%%j%r £ odi er}t of the fuel processor In
implementation of the ¢oolant SUHEYsTery Of * capable of cooling both the provessor reactor

and the interior of the cabinet.
In a first aspect, there is provided a fuel Processor, comprising:
. _ o
a Processor reactor;
a feed to the processor reactor; and
a coolant subsystem separate from the feed and capable of circulating a coolant through

the processor reactor.

In a second aspect, there is provided a power plant, comprising:
a fuel processor, including:
& Processor reactor generating a reformate;
2 feed to the processor reactor; and
a coolant subsystem separate from the feed and capable of circnlating a coolant through
the processor reactor; and
a fuel cell powered by the reformate generated by the processor reactor of the fuel
Processor,
In a third aspect, there is provided a method for use in processing a fuel for use in

fuel processor, comprising:
feeding a fuel, water, and air mixture to a Processor reactor;

reforming the mixture in the processor reactor: and
cooling the processor reactor with a coolani separate from the feed mixture to contro] the

temperature of the reforming.



FIG. 2 FIG. 4 graphically illustrates the reforming process of the autotherrnal reformer of the fuel
processor first shown in FIG. 2; FIG. 5 conceptually illustrates an integrated fuel cell power plant
fueled by the hydrogen gas stream produced by the fuel processor of FIG. I; FIG. GA and FIG. 6B
conceptually illustrate a computing apparatus as may be used in the implementation of one particular
embodiment of the present invention; and MG. 7 conceptually illustrates the operational interface
between the fuel processor and the 'fuel cell of the power plant of FIG. 5. While the invention is
susceptible to various modifications and alternative forms, the drawings illustrate specific
embodiments herein described iBREEDBYGRIY DIGX O S HIshataNesunderstood, however, that the
description herein of spesific. embadimenis.maghiniandad g e inyenian o ihe partcular forms

disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and alternatives
falling within the $PifE AR YESREF tHENHYE AFEHTREaBRN 86 Bhe 'ApplRbidi elaifEen®ETAILED
DESCRIPTION Oferildss INWENTIONEmenttllastiatig@mbodiments of the invention are described
below. In the interest of clarity, not all features of an actual implementation are described in this
specification. It will of course be appreciated that in the development of any such 5 actual
embodiment, numeroud WipfefMEFREHR- dhstities defigi Grreatist iestiutld tocehtevedtfre developers'
specific goals, suskras:compliamheerwiin syst@prrelated and business-related constraints, which will
vary from one implementatign,to another. Moreover, it will be appreciated that such a development
effort, even if complex gf% ;?rrllléugc%l?]esql?flﬁ ‘5’?‘1\‘}6%%‘3‘%’8%“‘%%‘&?%&(%8 %‘lﬁzf’fgﬁ?ﬁ%’%&}} ¥8s& of ordinary skill
in the art iohaving the D&fefit GFtHiS disclssipdar imtraentaoncapliratiyoitostratostenfus] processor 100
constructed in aceprdance with the present invention. The fuel processor 100 comprises a coolant
subsystem 102, a feed 104, and a pracessor reactor 106 that produces a hydrogen (or hydrogen- 15
rich) gas stream 108. Irﬁg’écgéﬁ%%@v%h1olri‘|5émaessp(¥e%t SPRE IR EREEH® the USoMMsIRe stem 102 is
separate from thé&“feaern g4larierlseaprat EefbirenlatifgaZsoolant 110 through the processor reactor
106. The coolant 110 nyas: be anyesuiiabiacealant kR e 2 S WAIR raglYge!, an oil, an
alcohol, or the like. In accordance with %squn% a%ﬂgct of the present invention, the constituent
elements of the fuel 20processor 100 are housed it a REBRTEY £13 %4 the coolant subsystem 102 is
capable FIG. 6A and FIG. 6B conceptually illustrate a computing apparatus as may be

used in the implementation of one particular embodiment of the present invention;
and
FIts. 7 conceptually iHlustrates the operational interface betwoen the fuel

processor and the fuel cell of the power plant of FEG, 5.

While the vention is susceptible to various modifications and alternative
forms, the drawings illusirate specific embodiinents herein described in detail by way
of example. Ii should be understood, however, that the description herein of specilic
emboditnents is not intended to limit the invention to the particular forms disclosed,
but on the contrary, the intention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the

appended claims.
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of cooling both the processor reactor 106 and the interior of the cabinet 112. 111G. 2 conceptually
illustrates one particular embodiment 200 of the fuel processor 100 in FIG. 1. In pertinent part, and in
general, the fuel processor 200 25 pumps the coolant 110 stored in a coolant storage, or reservoir,
202 through the coolant subsystem 102, which comprises a heat exchange loop. In the illustrated
embodiment, the coolant 110 is water. More particularly, the pump 204 pumps the coolant 110 from
the reservoir 202 through the processor reactor 106 and a cooler 206, and back into the reservoir 202.
The temperature controlled coolant 110 is also, 30 in this particular embodiment, supplied to and
returned from one or more external users 208 between the processor reactor 106 and the cooler 118

in the illustrated embodiment,The, rexternal uaers: NG RaYIRGIdemeshanical systems not otherwise

associated with the fuel procéssor 200 0r any power pfant or which It may  be associated. For
instance, the fuel proced88run sHas oA Poler Brart foteacBbfths "and the'&ktetnal user 208 in
this situation maysbeithie;atgonditieniag/ heaiingunechapieaksystemsfor dae-buiddinghsThe processor
reactor 106 in the illustrated embagdiment comprises, several.stages, includin former stage 210a, a
desulphurizatiou Sgt%:glg% '@f&b % {nvgf%f?g%garesegjfo%p Q%Ifn%%rt%f%algne%glg%dﬁe%ﬁg}%tpﬁggége%tggl oxidizing stage
210e. The refornfefustagdainais arrarrstHersarrEfsmee QTR ardpHEy B eiplEmented using
any suitable refopmeskneniaithaartsMgte thal, alierativesmhedinesisdnayasaniay toother stages

in addition to or in lieu of tEO e illustrated, %e ending on the design.constraints imposed by the
intended end-usgusme$ﬁr? aéﬁ?ﬁlﬁ%ﬂsgfé%t e Sgi‘ry'ﬁen‘fjg%gr 6o gﬁtls%elsl%}ﬁ%tﬁ%nlﬁzagﬁ@ﬁates coolant
individually to thévtages, 2101 b2 womahrisd ghrsvels pdetrieroratotiaplerality omsitranthes 226a -

226d. Each of thghrapehes 2283 udrod ingHdesiatempesatie. contml it dPBan.228e. Each

temperature control unit 228a - 22§% includes a temperature sensor Sr sensing the temperature in a
respective stdge P188 1S ey Gt A6HRHBF 230a - 230d. Each actuator 230a -230d operates
responsive to the sensed temperature in the respective stage 210b - 210e to throttle to flow of coolant

110 20 through the respgetiye RENGNIZ MR 2208 fuel pblGisct 965215806 Raricklapplementation of

the cooler 206 in the coolant subsystem 102 of the illustrated embodiment. Referring now to both FIG.
2 and FIG. 3, codtdhthe1BFracaanirfiein ARceRidmiarbatet LIPS ASABHH THORETS) into the
102, a feed 104, and a processor reactor 106 that produces a hydrogen {or hydrogen-

15 rich) gas stream 108, In accordance with one aspect of the invention, the coolant
subsystem 102 is separate from the feed 104 and is capable of circulating a coolant
110 through the processor reactor 106. The coolant 110 may be any suitable coolant
known to the arf, ¢.g., water, a glycol, an oil, an alcohol, or the like. Tn accordance
with a second aspect of the present invention, the constituent elements of the fuel
20 processor 100 are housed in a cabinet 112, and the coolant subsystern 102 is capable

of cooling both the processor reactor 106 and the interior of the cabinet 112,

¥IG. 2 concepiually illustrates one particular embodiment 200 of the fuel

processor 100 in FIG. 1. In pertinent part, and in general, the fuel processor 200

25 pumps the coolant 110 stored in a coolant storage, or reservoir, 202 through the
coolant subsysterm 102, which comprises a heat exchange loop. In the illustrated
embodiment, the coolant 110 is water. More particularly, the pumyp 204 punips the
coolant 110 from the reservoir 202 through the processor reactor 106 and a cooler

206, and back info the reservoir 202. The femperature controlfed coolant 110 is also,

30 in this particular embodiment, supplied to and returned from one or more external
users 208 between the processor reactor 106 and the cooler 118 in the illustrated
embodiment. The “external users” 208 may include mechanical systems not
otherwise associated with the fuel processor 200 or any power plant of which it may

4.



25 reservoir 202 and circulated by the pump 204. The pump 204 circulates the coolant 110 to various
parts of the processor reactor 106 and subsystems associated with it through the feeds DES, SHIFT,
INERT, and PROX (shown in FIG. 3) over the lines 212 - 215. Coolant 110 previously circulated to the
processor reactor 106 is returned to the coolant subsystem 102 through the feed RETURN (shown in
FIG. 3) over the 30line 218. Note that the coolant subsystem 102 is separate from the feed 104 and is
capable of circulating the coolant 110 through the processor reactor 106. Heat exchanged to the
coolant 110 by the processor reactor 106 components is dumped to the environment through the
cooler 206. The cooler 206 in the illustrated embodiment includes two heat exchangers 304 and a

plurality of fans 306. The fans 306 facilitt e Pﬁel heat ech&p e thr%egh thoe Qlealgnetxt%;]%ngers 304. Note
that the s numbet GF 18I Ex HARGEIL 304 aNG BIRS306 S not Tatérial'th the practice of the invention
and that alternathwédmpbodiinehts méyrempley, €0, onetbisthsdesheat exehdgdbs 384 and fans 306.

The fans 306 aI%g{%%@gi%%ggﬂﬁgﬂegfﬁ%g%ﬁa 112 (shown in FIG. 1) to the exterior of
e

the cabinet 112, Le., they cool the interior of the cabinet 112 by circulating the heated air to the
environment. Thus, the 10 coolant subsystem 102 is capable of cooling both the processor reactor
106 and the interior of the pabinet td2tat i sahe fihmixated Thbodootahtsubsystesmeld2 of the

lllustrated embogéggt%mn%iﬁ&%ay REGYIde heating andiar cnelingisn Qihenpats ofihefye! processor

200, or even to systems 15 outside the fuel processor 200. As Wasggrewousl noted, the fuel

processor 200 caiprivitatigntaltord o e BaEariiErs 968 Akt JREHHPTREREES. This
functionality is provideddhraugheaconpeetien 220RMhiekicompiisamakmouiiet 282zand an inlet 224
through which the.coolant 110 may be circulated 1o r e.external Users 208, As is shown in
FIG. 3, the coolasﬁlfg%%f é?/g ‘g!r% %O%a%%Fqﬁgg\%cc%%%%%%\g%g%%f tﬁe?uel%?gcessor 102
through the ¥neBeBsta30 EnaifHioncleder L lise RfoteothaltHetide deBosling orcieutsti®toolant 110 from

the reservoir 21%Lok&rie0Hed coolant Ikthddotadlse that the flow of coolant 110 through the lines 308,
310 can be controlled not only in a gross sense by operation of the pump 204, but also in a finer sense
by the valves 312, 314. 25 In operation, the processor reactor 106 reforms the feed 104 into the
hydrogen, or hydrogermetidHedatdscsthedimendharmg @it aNeBypro dUk @raliess ssolvater. The feed

104 in the illustrated;embedimenicaavens a fugle akoand vatgsdmistere kompnaxidizer (not shown).
Note that the effluent water bypr%(ggjct (rE)Eiflgl;JV\é?%nfrom 2t£16e 30 aggrati% of,tri]e ro%gx%sor reactor 106
may be circliatedBRE it the tBolam SubsSeH1HS 284 costnt L e Al e drained from the
fuel processor 26@itFIGn4 dfpictS 2B gerisrdl propessowitidgramfstraiitd thdydrecess steps
included in the iljusirative. emkedinenis ohtheriasent invertion: Jhe.tallowing sescription

an actuator 230a — 230d. Each actuator 230a — 230d operates responsive to the sensed

temperature in the respective stage 210b — 210¢  {o throitle to flow of coolant 110

20 through the respective branch 226a -226d.

FIG. 3 details one particular implementation of the cooler 206 in the coolant

subsystem 102 of the illustrated embodiment. Referring now to both FIG. 2 and FEG.

3, coolant 110 is drawn from an external water supply 302 (shown in FIG. 3} info the

25 reservoir 202 and circulated by the pump 204, The pump 204 circulates the coolant
110 to various parts of the processor reactor 106 and subsystems associated with it
through the feeds DES, SHIFT, INERT, and PROX (shown in FI1G. 3} over the lines

212 — 215, Coolant 110 previously circulated to the processor reactor 106 is returned

to the coolant subsystem 102 through the feed RETURN (shown in FIG. 3) over the

30 line 218. Note that the coolant subsystem 102 is separate from the feed 104 and is

capable of circulating the coolant 110 through the processor reactor 106.



associated with FIG. 4 is adapted from United States Patent Application 10/006,963, entitled "Compact
Fuel Processor for Producing a Hydrogen Rich Gas," filed December 5, 2001, in the name of the
inventors Curtis L. Krause, et at, and published July 18, 2002, (Publication No. US2002/0094310 Al). 5
One of ordinary skill in the art should appreciate that a certain amount of progressive order is needed
in the flow of the reactants through the processor reactor 106. The fuel processor 200 feed 104
includes a hydrocarbon fuel, oxygen, and water mixture. The oxygen can be in the form of air,
enriched air, or substantially pure 10 oxygen. The water can be introduced as a liquid or vapor. The
composition percentages of the feed components are determined by the desired operating conditions,

as discussed below. The, el BIACeSs AL MR st 6RM: FoMQLIE.RtesenbinEian includes

hydrogen and carbon dioxide and can also include some water, unconverted h%]élﬁocarbons carbon
monoxide, impuffEBEiy i ngrifeErrRS LM e S i A A RtPIRer P C RO HERTEYE g . nitrogen and
argon, eSDeCIallyédibamM@mc@@mmmﬁwMg@d maama pluralRyodeBssstep Alis funsautothennal

reforming procesg n Wk];%pe alip@(rC uIar eéyﬁtt\ég&{ﬁ%ggo%ﬁg a Radial gxidation (formula 1,

(=]
below) and an op ional 20 steam re ormln% elow), aré Fﬁ%erformed to convert the feed

stream 104 into BgysthEsisay ascheraaming h%rfé@ﬁeﬁoéﬁ%j sk B SR RIAE ) and 11 are
exemplary reactigi-fRemulas Memﬂ:m@éh@ﬂmﬁrm@@yeamsh@@xd@maﬁbm@wm 1/202 -> 2H2

+ CO(1) CH4 + 11 O > 3H2+ CO(ID e recel ed b ssor regctor 106 from an
oxidizer (not show )an,&eﬁ féra%%ﬁager% réarng% ofgﬂo‘e’g%gear?s?nc Fee%1 stream efél;i/ce)rr?grp%r%al oxidation

whereas a h|ghmbmntéiﬁn’ahmmoﬁv%f‘er@é@@ﬁ&ﬁ@@sté&h@ retoivhing: Thehaticebilsxygen to

hydrocarbon and,water, %d@r%gg%@ﬁ@@%ﬁ%&m%&ﬁ@ %@gﬁ%&&mﬂafmt@rsx]}mtm&fect the
operating temperature and hydrogen yield. 30 erati eratur the autothennal
reforming st&p A“%‘&ﬁnféﬁﬁsé’%&rﬁg?bguﬁag%e@ ?5%?38%'[ 8 5‘80555 56°on E:é e(tfég Conditions and

dlng on
the catalyst. Thenatiosptampbiatuté? abihel sfaeedtmmdltlons are all examples of parameters controlled

by
The coolant subsystem 102 of the illustrated embodiment also can provide
heating and/or cooliﬁg to other parts of the fuel processor 200, or even to systems
15 outside the fuel processor 200. As was previously noted, the fuel processor 200 can
provide thermal control to external users 208, as is shown in FIG. 2. This
functionality is provided through a comection 220, which comprises an outlet 222
and an infet 224 through which the coolant 110 may be circulated to and from the
external users 208. As is shown in FIG. 3, the coolant subsystern 102 can provide
2 cooling to other parts of the fuel processor 102 through the lines 308, 310 and the
feeds L1, L2. Note that the lines 308, 310 circulate coolant 110 from the reservoir
211, i.e., cooled coolant 110. Note also that the flow of coolant 110 through the lines
308, 310 can be controlled not only in a gross sense by operation of the pump 204, but
also in a finer sense by the valves 312, 314, '
25
In operation, the processor reactor 106 reforms the feed 104 into the hydrogen,
or hydrogen enriched, gas stream 108 and effluent byproducts, such as water. The
feed 104 in the illustrated embodiment conveys a fuel, air, and water mixture from an
oxidizer (not shown). Note that the effluent water byproduct (not shown) from the
30  operation of the processor reactor 106 may be circulated back into the coolaut
subsystem 102 as a coolant 110 or may be drained from the fuel processor 200. FIG.
4 depicts a general process flow diagram illustrating the process steps included in the
illustrative embodiments of the present invention. The following description

_§-



the control system of the present invention. The illustrated embodiment uses a catalyst bed of a partial
oxidation catalyst in the reformer stage 210a with or without a steam reforming catalyst. SProcess step
B is a cooling step perfonued in a cooling stage (not shown) for cooling the synthesis gas stream from
process step A to a temperature of from about 200 C to about 600 C, preferably from about 375 C to
about 425 C, to prepare the temperature of the synthesis gas effluent for the process step C
(discussed below). This cooling may be achieved with heat sinks, heat pipes or heat exchangers 10
depending upon the design specifications and the need to recover/recycle the heat content of the gas
stream using any suitable type of coolant For instance, the coolant for process step B may be the

coolant 110 of the coolant su tem 102. Process.st i rifyi ed in the

: A9, SIEP: PRIEQHE!
desuIphurizationa%stoacéaé%ng”ﬁg%%ﬁéf géﬁiéegéo%né%%%g%ﬁs%’%% J;fgﬁr;d%p en sulfide absorbent. One
of the main impuritidsiof GueprptrBedrBorvestrsafiris sulcinaviichsossh dBy thdsutothermal

reforming step A hydrogencsulfide. nhhe preeessing.caialisek npsosessseptlipeferably includes
zinc oxide and/or other material ca a§)§ 0 ? rq El) onverting hydrogen sulfide, and may
include a suppogflt%.@.’ 2?%;{8%?9}“%]{? Pu&ge(?%fe%%gz?c. iﬁDesquhurization is accomplished by
converting the hydrogen sulfide to water in accordance with the following reaction formula Ill: H2S +

ZnO --L 1-120 + ZnS @QJJ}%{&@&?OM preferablhsanrisg Qukat @demperaiurgstirom about 300 C to
about 500 C, and more preferably from about 375 C to about 4%%“%%6%% Still referrincg %_o FIG. 4, the
I

effluent stream MAGTIREHEHE etitts e hindhy 8 DlsdrsiRad EPRBESNSWNY, in which water
received from a wateTisubsystemsor 200 feed 104 includes a hydrocarbon fuel, oxygen, and water

mixture. The oxygen can be in the form of air, enriched air, or substaniially pure
to  oxygen. The water can be introduced as a liquid or vapor. The composition
percentages of the feed components are determined by the desired operating
conditions, as discussed below. The ‘fuel processor efffuent stream from of the
present invention includes hydrogen and carbon dioxide and can also include some
water, unconverted hydrocarbons, carbon monoxide, impurities (e.g., hydrogen
15 sulfide and ammonia) and inert components {e.g., nifrogen and argon, esi)eciaily if air

was a component of the feed stream).

Process step A is an autothermal reforming process in which, in one particular
embodiment, two reactions, a partial oxidation (formula I, below) and an optional
20 steam reforming (formula IL, below), are performed to convert the feed stream 104
into a synthesis gas containing hydrogen and carbon monoxide. Formulas I and If are
exemplary reaction formulas wherein methane is considered as the hydrocarbon:
CHy + %0, - 2H, + CO &
CH; + H0 > 3H, + CO (1)
25 The feed 104 is received by the processor reactor 106 from an oxidizer (not shown).
A higher concentration of oxygen in the feed stream favors partial oxidation whereas
a higher concentration of water vapor favors steam reforming.  The ratios of oxygen
to hydrocarbon and water to hydrocarbon are therefore characterizing parameters that
affect the operating temperature and hydrogen yield.
30
The operating temperature of the autothermal reforming step A can range from
about 550° C {o about 900° C, depending on the feed conditions and the catalyst. The
ratios, temperatores, and feed conditions are all examples of parameters conirolled by
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(not shown) is optionally added to the gas stream. The addition of water lowers the temperature of the
reactant stream as it vaporizes and supplies more water for the 30 water gas shift reaction of process
step E (discussed below). The water vapor and other effluent stream components are mixed by being
passed through a processing core of inert materials such as ceramic beads or other similar materials
that effectively mix and/or assist in the vaporization of the water. Alternatively, any additional water
can be introduced with feed, and the mixing step can be repositioned to provide better mixing of the
oxidant gas in the CO oxidation step G (discussed below). This temperature is also controlled by the
control system of the present invention. Process step E, performed in the shift stage 210c, is a water

gas shift reactionghal,converts.carpon: prIgXide acarbandipxide:in ageardangemth formula IV: H20
+ CO -? 1-12 + CO2 (IV) The concentration of carbon monoxide should preferably be lowered to a

level that can be YfeYaEH B TaEl aeMe BRIt BEIBWSEPRT Eehat Ay the WATKES4s shift in
reaction can takesptace:atitésm passitaires of from 1.500 C to 600 C depending on the catalyst used.
Under such conditions, most of the carbon monoxide in the gas stream is converted in this step. This
temperature and concentration are more parameters controlled by the control system of the present

invention. 15Returning HgE 8RS 2 cprbes SERRSEIELSL fofFRIUTS ek et Sy 540d, is

cooling the synthesis gas streamn from process siep A to a temperature of from about
200° C to about 600° C, preferably from about 375° C fo about 425° C, o prepare the
temperature of the synthesis gas effluent for the process step C {discussed below).
This coocling may be achieved with heal sinks, heal pipes or heat exchangers
10 depending upon the design specifications and the need to recover/frecycle the heat
content of the gas stream using any suitable type of coolant. For instance, the coolant

for process step B may be the coolant 110 of the coolant subsystem 102,

Process step C is a purifying step, performed i the desulphurization stage
15 210b, and employs zinc oxide (Zn0) as a hydrogen sulfide absorbent. One of the
main impurities of the hydrocarbon stream is sulfur, which is converted by the
autothermal reforming step A to hydrogen sulfide. The processing core used in
process step C preferably includes zinc oxide and/or other material capable of
absorbing and converting hydrogen sulfide, and may include a support (e.g., monolith,
20 extrudate, pellet, efe.). Desulphurization is accomplished by converting the hydrogen
sulfide to water in accordance with the following reaction formula Y%
HyS + Zn0 —+ O+ ZnS (D
The reaction is preferably carried out at a temperature of from about 300° C to about
500° C, and more preferably from about 375° C to about 425° C.
25
Still referring to FIG. 4, the effluent stream may then be sent to a mixing step
D performed in module (not shown), in which water received from a water subsystern
(not shown) is optionally added fo the gas stream. The addition of water lowers the
temperature of the reactant stream as it vaporizes and supplies more water for the
30 water gas shift reaction of process step E (discussed below). The water vapor and
other effluent stream componenis are mixed by being passed through a processing
core of inert materials such as ceramic beads or other similar materials that effectively

mix and/or assist in the vaporization of the water. Alfernatively, any additional water
8-



a cooling step. Process step F reduces the temperature of the gas stream to produce an effluent
having a temperature preferably in the range of from about 90 C to about 150 C. Oxygen from an air
subsystem (not shown) is also added to the process in step F. The oxygen is consumed by the
reactions of process step G described below. 20 Process step G, perfonned in the preferential
oxidation stage 210e, is an oxidation step wherein almost all of the remaining carbon monoxide in the
effluent stream is converted to carbon dioxide. The processing is carded out in the presence of a
catalyst for the oxidation of carbon monoxide. Two reactions occur in process 25 step G: the desired
oxidation of carbon monoxide (formula V) and the undesired oxidation of hydrogen (formula VI) as

follows: €O + UEAZCEMIHS:t 20247 AR Jeprsleisnlia addagional eaibon monoxide is

favored by low temperatures. Since 30 both reactions produce heat it may be advantageous to
optionally includ® & BB SInG eRraRt Sk 42 OB - SaRSbSEEF W P prod8Es. The operating
temperature of pragess.s: preferablyckeptinihesanpgwfdfronhapeut®0ieddsabout 150 C. Process
step G reduces the carbon monoxide level to preferably less than 50 ppm, which is a suitable level for
use in fuel cells. The effluent 108 exiting the fuel processor is a hydrogen rich gas containing 5 carbon
dioxide and éther constrsetits wicPertapepiEsBit suen Awhteiv e A SPHHBTIEHE (e.g., nitrogen,

argon), residual ipyekgsarheniicmbiodect.gammajphedised-asiihe ieeddanadwel cell or for other
applications where a h%id(so“%ggﬁ ricﬁfgecqjs m is desired. Optionally, product gas may be sent on to
e, to femove't

. —~3 I . .
further processing, for éxample, to femo e carbon dioxide, water or other components. 10 Note

that each of the Processatepsyot Grieseebeddabbydbeeimsiithinepuesfiedaiaribébature ranges. The

precise temperatias igithe-rnogss akeNphnaterabiohepracticeafitheaventionsindeed, the nature

and order of the steps are implementation specific depending on feed 104 input and.the product gas
stream 1081°  reac ion can tak% place at temperz&ures of fm%: 1 5{}"% to 600° C dcpangmg on the P g

catalyst used. Under such conditions, most of the carbon monoxide in the gas stream
is converted in this step. This temperature and concentration are more parameters

conirolled by the control system of the present invention.

15 Returning again to FIG. 4, process step F, performed in the inert stage 2104, is
a cooling step. Process step F reduces the temperature of the gas siream to produce an
effluent having a temperature preferably in the range of from about 90° C to about
150° C. QOxygen from an air subsystem (not shown) is also added to the process in
step F. The oxygen is consumed by the reactions of process step G described below.

20

Process step G, performed in the preferential oxidation stage 210e, is an
oxidation step wherein almost all of the remaining carbon monoxide in the effluent
stream is converted to carbon dioxide. The processing is carried out in the presence
of a catalyst for the oxidation of carbon monoxide. Two reactions occur in process

25 step G the desired oxidation of carbon monoxide (formula V} and the mldesired
oxidation of hydrogen (formula VI} as follows:

CO+ %0, — CO, (V)

Hy + 450, — H;O (VD)

The preferential oxidation of carbon monoxide is favored by low ternperatures. Since

30 both reactions produce heat it may be advantageous to optionally include a cooling
element such as a cooling coil, disposed within the process. The operating

temperature of process is preferably kept in the range of from about 90° C to about



15for a given application. Thus, the precise temperatures in the temperature ranges will be driven by
implementation specific design constraints. Returning now to FIG. 2 and FIG. 3, the coolant
subsystem 102 is used to help achieve the temperatures for the process steps A - F, whatever they
may be in a 20 given embodiment Each of the stages 210b - 210e is cooled by a respective branch
226a - 226d of the coolant subsystem 102. The temperature sensor Si of each temperature control unit
228a - 228d senses the temperature within its respective stage 210b - 210e. If the temperature within
the respective stage 210b - 210e approaches or exceeds the upper bound of the desired temperature
range for the 25 respective process step A - G, the respective temperature control unit 228a - 228d
opens the respectiye agiiator £30a 56%1?99%% E%ggé?%%x}&%.d‘é%&ftg094%%%31 ihgrethyough. If the
temperature within the respectl\?g stage 21 10e approaches or exceeds the lower bound of the
desired temperakare réitjesostieblekpedivasprofistscstep A - G, the respective temperature control
unit 228a - 228d closes the 30respective actuator 230a - 230d to decrease the flow of coolant 110

thcrethrough. As t%%te%%era%%e contr%ll ugliérs %O%:%aé 228%0 ntrol the tenggD rature within their
respective stages 210 7108 Sotam 110's Circtiated %r%uﬁﬁe?h%ccggfer NB2%06. The heat

e cGotamt
exchanged fromcthieostdiga®io 10 opdOeisidumipeadith thevatmpsphereuAssvastdeseribed above, this is

accomplished by, thefang 306 ’bﬁgygi%g’agfggﬁ%g&{m heatexshangers3Q4.Blawiag the air across the

heat exchangers 304 also removes heated air from the cabinet 112 to the exterjor of the cabinet 112.

Thus, the interio?*6f §° the Eabiner 112 &'t8oi80 A RRPESBIAN YiBE SR EH EontFEts the
temperatures of dhespriocessesie ppiRrabBvinpthestgges R 1laser2 bec furthdspvitkiyengpipreciated by those

in the art havinge%p@ngf}gﬂmi&&_'&%@l&%H{&ﬁg%@&&%ﬁﬁ&%&%&h@g@- 1 will have additional

components not shown. As should io also be appreciated, the fuel processor 100 can be used in a
variety of different contexts. FIG. 5 conceptually illustrates a fuel cell power plant 500 in which the
processor reactor ("PR{)id GepracucestHherydiogen gas sStréanmiidaBatopoweara fughcell 502. The

power plant 500 is a e"' rated” ower & 40 ration.of ces and the fuel cell
504 are interdepS ne enc%.r{]élgrlgé3 %ﬁéﬂep%%\é%s%}%%%&%%%ﬁﬁ gcer;ﬂgo%ﬁ%g gﬁ%tr?ﬁr?%gﬁl? in a cabinet

112. The fuel celp 5ba maptistePARF dtypicar PR Bretf8itaruarie et (#PEE?) 28lso known as

Proton ExchangenMenebrane feelic abpeiRMirGe}d Howeyer athier tijaes eifusteelisgnay be used.

Note that noj all sspects,of the Jpvention are dimited (o applcetion .sych.an iiggrafgd power plant.
Thus, some embodiments rﬁay e empldyed In a power plant

be driven by implementation specific design consiraints.

Retarning now to FIG. 2 and FEG. 3, the coolant subsystem 102 is used to

help achieve the temperatures for the process steps A - F, whatever they may be in a

20 given embodiment. Each of the stages 210b — 210e is cooled by a respective branch
226a - 226d of the coolant subsystem 102. The temperature sensor §; of each
temperature control unit 228a — 228d senses the temperature within its respective
stage 210b — 210e. If the temperature within the respective stage 210b — 210e
approaches or exceeds the upper bound of the desired temperature range for the

25 respective process step A — G, the respective temperature control unit 228a — 228d
opens the respective actuator 230z — 230d to increase the flow of coolant 110
therethrough. If the temperature within the respective stage 210b — 210e approaches

or exceeds the lower bound of the desired temperature range for the respective
process step A — G, the respective temperature control wnit 228a — 228d closes the

30 respective actuator 230a — 230d to decrease the flow of coolant 110 therethrough.

As the temperature control units 228a — 228d control the temperature within
their respective stages 210b — 210e, the coolant 110 is circulated fhrough the cooler
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20that is not integrated. In the embodiment illustrated in HG. 5, the fuel processor 200 more
particularly comprises several modular physical subsystems, namely: the processor reactor 106, which
is an autothermal reformer ("ATR"), 25that performs an oxidation-reduction reaction that reforms a fuel
input to the fuel processor 100 into a gas 108 for the fuel cell 502; an oxidizer 506, which is an anode
tailgas oxidizer ("ATO") in the illustrated embodiment, that preheats water, fuel, and air to create a fuel
mixture delivered as the feed 104 to the processor reactor 106; 30 a fuel subsystem 508, that delivers
an input fuel (natural gas, in the illustrated embodiment) to the oxidizer 506 for mixing into the feed
104 delivered to the processor reactor 106; a water subsystem 510, that delivers water to the ATO

206 for mixing into the feed 104 delivered to the processgr reactor E}Q@toaﬁca%& system 512, that
delivers air to the!j%\%ﬁ%g o:’[“rc%lnaf1 %%%fﬁ%t%ﬁe f%ed 104 delivered to the process%? reactor 106; and 5a

coolant subsystéaEe Sesried shereis inipaeatorEd it dlsperation BriresHsEessdbifeactor 106 in a
manner describggdahera.HhepowehaptiaOf-alsesnghides thereopirobsystememibdehat controls the
operation of the, pawer. plant 500 as le. One task executed he.control system 514 is the
temperature cori?gr%?{%r t %mptroeccea’s]sn(%fX\??e(%cﬁelgcl)%(féxs%%?1 roefg})cl:%ocr%%%tt ¥r2ctsu%?%“‘ﬁz&ele Tg%el%é@ratu re control
units 228a -5228kk eabideistibhedabetes the coolant subsystemn 102 conirols the temperatures of

the process steps A — F in the stages 2102~ 210e.

As will be appreciated by those in the art having the benefit of this disclosure,

fuel processor 100 in FIG. 1 will have additional components not shown. As should

10 also be appreciated, the fuel processor 100 can be used in a variely of different
contexts. FIG. 5 conceptually illustrates a fuel cell power plant 500 in which the
processor reactor (“PR”) 106 produces the hydrogen gas stream 108 to power a fuel

cell 502. The power plant 500 is an “integrated” power plant, ie., the operation of

fuel processor 102 and the fuel cell 504 are interdependent. The fuel processor 102

15 and fuel cell 504 are both housed in a cabinet 112. The fuel cell 504 is preferably a
typical Polymer Electrolyte Fuel Cell ("PEFC”), alsc known as Proton Exchange
Membrane Fuel Cell (“PEMFC”). However, other types of fuel cells may be used.
Note that not all aspects of the invention are Hmited to application in such an
mtegrated power plant. Thus, some embodiments may be employed in a power plant

20 that is not integrated.

In the embodiment illustrated in FIG. 5, the fuel processor 200 more
particularly comprises several modular physical subsystems, namely:
the processor reactor 106, which is an autothermal reformer (“ATR”),
25 that performs an oxidation-reduction reaction that reforms a fuel input
to the fuel processor 100 into a gas 108 for the fuel cell 502;
an oxidizer 506, which is an anode tailgas exidizer ("ATO”) in the
iltustrated embodiment, that preheats water, fuel, and air fo create a
fuel mixture delivered as the feed 104 to the processor reactor 106;
30 . a fuel subsystem 508, that delivers an input fuel (natural gas, in the
illustrated embodiment) to the oxidizer 506 for mixing into the feed

104 delivered to the processor reactor 106;

S11-



One particular implementation 600 of the control system 514, first shown in FIG. 2, is illustrated in FIG.
6A’and FIG. 613. Note that, in some embodiments, the control system may be implemented on a
computing system comprising a number of 15 computers such as the control system 514, each of
which may control some designated facet of the operation of the fuel processor 100. However, in the
illustrated embodiment, the computing apparatus 600 controls all aspects of the fuel processor 100
operation not under manual control. The computing apparatus 600 is rack-mounted, but need not be
rack-mounted in all embodiments. Indeed, this aspect 20 of any given implementations is not material
to the practice of the invention. The computing apparatus 600 may be implemented as a desktop

personal computer, a workstation, a notebo r.l computer,. an rocessor, or the like.
VbR eI W Do D e

The computing apparatus 650 ilustrat | and inc procegsor 605
communicating with storage Bi0hsverdd dtielyarsrs S Prasesstsiade 640 may include a hard disk

and/or random access.memaey.f- RAdvkikandonemanaklestonga uchiasnadieppyagnetic disk 617
and an optical disk 620. Theéﬁé%gg?o%[o IS %Q%c]) ed with a dateix s bjé:_turg 625 storing the data set

. . eliver & £8801 T6actO :lr an
acquired as discussed above, an operating system @5‘)6, user interfacé software 635, and an 30

application 665. The user interfateisoltsysiren 633, frconjmictiorrewithres disptagp@adurigiplements a user

interface 645. The user interfacs Q42 dPRYBFIURSPEHREFAEISdeYices such as a key pad or
keyboard 650, a mouse 655, or a joystick 660, The processor 605 runs uqéj]g%uhe control of the

66
operating systent 3 {FhPMRMAY 48 paides Reoniio! S Shetai STLRHEh BRI 18 the art. The
application 665 isfithepkeeripiaths00 peratinde s yste b 3C¢uperpdwerwp] seget; 6rdiethe depending on
the implementatign.of the. operaling, sysiem 63Q- sSame,RoLtiaps.akihe drtaied desgriptions herein

are consequently presented in terms of a software implemented process involving symbolic
representati8ns GPEFEFREGREShHEFHits iifineadsseriiety?5A8 computing system or a computing

device. These descriptions and representations are the means used by those in the art to most

effectively convey the Sbsiancs,et MR WAL ANEE Rl abin g6 hed Bpages and operation

require physical manipulations of sical quantities. Usually, though not necessarily, these quantities
take the form of Bléetidat hiayrbic Hr-dpticad SindE chpioislorbemg Stbrdirershdiérred, combined,
compared, and ethetviseunanipuiategdihhasipoyesgamigrRisthatdinpasinprincipaty dor reasons of
common usage. g fefer, o fese ganale,as bils.alyes.clements; symhols, giragiers. 15terms,
numbers, or the ke I Shotiid be borne ir?mlnd, owever, that a of these and similar terms are to

be associated wiltsignetepprefridtdbphgpsicdiog udntite S enprajessie el cofvetenttabEls applied to
these quantifies;Wplass spacisally slateaHathamisa @ Ras all aspects of the fuel

pracessor 100 operation not under manual control. The computing apparatus 600 is
rack-mounied, but need not be rack-mounted in all embodimenis. Indeed, this aspect
20 of any given implementations is not material to the practice of the invention. The
computing apparatus 600 may be implemented as a deskiop personal computer, a

workstation, a notebook or laptop computer, an embedded processor, or the like.

The computing apparatus 600 illusirated in ¥FIG. 6A and FIG. 6B includes a

25 processor 605 communicating with storage 610 over a bus system 615. The storage
610 may include a hard disk andfor random access memory {“RAM”} and/or
removable storage such as a floppy magnetic disk 617 and sn optical disk 620. The
storage 610 is encoded with a dafa structure 625 storing the data set acquired as
discussed above, an operating system 630, user interface software 635, and an

30 application 665. The user interface software 635, in conjunction with a display 640,
implements a user interface 645. The user interface 645 may include peripheral JO
devices such as a key pad or keyboard 650, a mouse 655, or a joystick 660. The
processor 605 runs under the control of the operating system 630, which may be

12 -



20 apparent, throughout the present disclosure, these descriptions refer to the action and processes of
an electronic device, that manipulates and transforms data represented as physical (electronic,
magnetic, or optical) quantities within some electronic device's storage into other data similarly
represented as physical quantities within the storage, or in transmission or display devices. Exemplary
of the terms denoting such a 25description are, without limitation, the terms "processing," "computing,”
"calculating,” "determining," "displaying,” and the like. Note also that the software implemented
aspects of the invention are typically encoded on some form of program storage medium or
implemented over some type of 30 transmission 'medium. The program storage medium may be
magnetic (e.g., a flgcggéﬁdisk or a hard d{ive) or o ti%ﬁé &-9a compact dé%( read E&J% memory, or "CD

Ay operatin SECIYL KO 0. [+ 10711 RN .
ROM"), and may be rea or‘?fy%r random access, Similar Y, e transmission medium r¥1ay be twisted

wire pairs, coaxidbtaipreasisticattine£30r SennePotier Suitatsrd. - a3 hofarisamzdivnh shediim known to the

art. The inventiondiginatitarited hyctheseaspreis ef@ny given implementation. FIG. 7 graphically
illustrates the operational interface between the fuel 5 processor 100 and the fuel cell 504 first shown

in FIG. 5. Note that the interface includes a heat exchanger 700 through which coolant 110 may be
circulated from the coofantesuiysystefitEoRidhe dreaimtvoh g isrcorotiedidbirmagiiadtemperature

control unit 702 thetfhotiies e dew-Rfithe.5a01a0tdd &-ioughhe hieakgxchangs 790 responsive to

the sensed temperature of the stream 108. The temperature control .
operations on data bits within a memery m a computing system or a computing

device. These descriptions and representations are the means used by those in the art
to most effectively convey the substance of their work to others skilled in the art. The
16 process and operation require physical manipulations of physical quantities. Usually,
though not necessarily, these quantities take the form of electrical, magnetic, or
optical signals capable of being stored, transferred, combined, compared, and
otherwise manipulated. It has proven convenient at times, principally for reasons of
cormnon usage, to refer to these signals as bits, values, elements, symbols, characters,

15 terms, numbers, or the like.

it should be borne in mind, however, that all of these and similar terms are to

be associated with the appropriate physical quantities and are merely convenient
labels applied fo these quantifies. Unless specifically stated or otherwise as may be

30 apparent, throughout the present disclosure, these descriptions refer to the action and
processes of an electronic device, that manipulates and transforms data represented as
physical {electronic, magnetic, or optical} quantities within some elecfronic device’s
storage info other data similarly represented as physical quantities within the storage,

of in transmission or display devices. Exemplary of the terms denoting such a

25 description are, withouf limitation, the i{erms “processing,” “compuiing,”

“calculating,” “determining,” “displaying,” and the like.

Note also that the software implemented aspects of the invention are typically

encoded on some form of program storage medium or implemented over some type of

30 transmission medivm. The program storage mediuim may be magnetic (e.g., a floppy
disk or a hard drive) or optical {e.g., a compact disk read cnly memory, or “CD
ROM™), and may be read only or random access. Similarly, the transmission medium

may be iwisted wire pairs, coaxial cable, optical fiber, or scie other suitable
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10 unit 702 is also controlled by the control system 514 in the same manner as the temperature control
units 228a - 228d. Thus, the heat exchanger 700 and the temperature control unit 702 comprise, in
this particular embodiment, a portion of the coolant subsystem 102. 15This concludes the detailed
description. The particular embodiments disclosed above are illustrative only, as the invention may be
modified and practiced in different but equivalent manners apparent to those skilled in the art having
the benefit of the teachings herein. Furthermore, no limitations are intended to the details of '
construction or design herein shown, other than as described in the claims below. It is 20 therefore
evident that the particular embodiments disclosed above may be altered or modified and all such

variations are cqnsideted Wity i, scone and.seit of iedpvention, Actardinglys e protection

sought herein is as set fortl claims below. WHAT IS CLAIMED: fuel processor, comprising:
a processor read¥oriaEfeEd T e PreeRssor reactor; and a coolant subsystem separate from the feed
and capable of circulating a coolant through the processor reactor. 2. The fuel processor of claim 1,

Whereln. the processorﬁ%gcgor |nc}lnucdﬁs %ﬁulﬁ;%%s z%};érs(;( sta e aﬁagl%b G(e)f receiving éhﬁ ef ed and
performing an autothermal fe&ction t reon; a second stage capable of receiving the tfeed from the

first stage artd removing the sulfiie theleplbi4dimirdhetage Fapable Beireteiimgawiiead from the

second stage anguRREOMMIAG A iisi-shib IBasHRR feresia fourth Aaas.sanable afireceiving the feed

from the third stage and performing a secaond shift reaction thereon; and
© % olant su%system ‘R)% %ﬁe%@atsem ange Eso controlled fh?ough a temperature

control unit 702 that throttles the flow of the coolant 110 through the heat exchanger
700 responsive to the sensed temperature of the stream 108. The termperature control
1w unit 702 is also confrolled by the control system 514 in the same manner as the
temperature conirol units 228a - 228d. Thus, the heat exchanger 700 and the
temperature control unit 702 comprise, in this particular embodiment, a portion of the

coolant subsystem 102,

15 This conclndes the detailed description. The particular embodiments disclosed
above are ilustrative only, as the invention may be modified and practiced 1n different
but equivalent manners apparent to those skilled in the art having the benefit of the
feachings hercin.  Fuwrthermore, no limitations are intended to the details of
construction or design herein shown, other than as described in the claims below. Itis

20 therefore evident that the patticular embodiments disclosed above may be altered or
modified and all such variations are considered within the scope and spirit of the
invention. Accordingly, the protection sought herein is as sef forth in the claims

below.
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a fifth stage capable of receiving the feed from the fourth stage and preferentially oxidizing the
received feed. 3. The fuel processor of claim I, wherein the feed to the processor reactor conveys a
fuel, air, and water mixture. 4. The fuel processor of claim 1, wherein the coolant subsystem includes:
a cooler capable of receiving coolant circulated from the processor reactor and exchanging heat
therefrom; a coolant storage capable of storing coolant received from the cooler; and a pump capable
of pumping the stored coolant to the process reactor. 5. The fuel processor of claim 4, wherein the
cooler c Eéé:%&i{@éhanger; and an air blower capable of cooling the heat exchanger. 6. The
fuel processor of claim 5, wherein the cooler further comprises: a second heat exchanger; and a
second air blower capable of cooling the second heat exchanger. 7. The fuel processor of claim 4,
wherein'the coBiaHt S6RGEMSEs AFBEE 8ne of water, a glycol, an oil, and an alcohol. 8. The fuel
processor of clairdesahatairtdhe coolant storage comprises a tank. The fuel processor of claim 1,

further COMPIISNG:4 16 the processor reactor; and
a coolant subsystem separate from the feed and capable of circulating a coolant through

the processor reactor,

2. The fuel processor of claim 1, wherein the processor reactor includes at least:
a lirst stage capable of receiving the feed and performing an auntothermal reaction
thereon;
a second stage capable of receiving the feed from the first stage and removing the sulfur
therefrom;
a third stage capable of receiving the feed from the second stage and performing a first
shift reaction thereon;
a fourth stage capable of receiving the feed from the third stage and performing a second
shift reaction thereon; and
a fifth stage capable of receiving the feed from the fourth stage and preferentially

oxidizing the received feed.

3. The fuel processor of claim 1, wherein the feed to the processor reactor conveys a fuel,

air, and water mixture.

4. The fuel processor of claim 1, wherein the coolant subsystem includes:
a cooler capable of recetving coolant circulated from the processor reactor and
exchanging heat therefrom;
a coolant storage capable of storing coolant received from the cooler; and a pump capable

of pumping the stored coolant to the process reactor,
5. The fuel processor of claim 4, wherein the cooler comprises:

a heat exchanger; and

an air blower capable of cooling the heat exchanger.

15



an oxidizer capable of heating fuel, water, and air and feeding the mixture to the process reactor via
the feed; a fuel supply subsystem of providing fuel to the oxidizer; a water subsystem capable of
providing water to the oxidizer; an air subsystem capable of providing air to the oxidizer. 10.The fuel
processor of claim 1, further comprising a connection to the at least one external user. 11,The fuel
processor of claim10, wherein the connection comprises an outlet and a nle through which the coolant
may be circulated to an external user. 12. The fuel processor of claim 10, further comprising an
oxidizer capabld pedhelatingefiser, atateimand hirdo denerale plocessfesdsstream introduced to the
processor reactktpraugR e fed, 13, & he fuel processor of claim 12, wherein the oxidizer
comprises an anode tailgas oxidizer. 14. The fuel processor of claim 1, wherein the coolant
subsystem furtHet<eemipHsBY ¥ Hlarafty otitesrperdhsrsceondrbrairshausti temperature control unit
including: a temperature sensor sensing the temperature of the coolant in a portion of the processor
reactor through which the coolant is circulatingé and an actuator operated responsive to the sensed

temperatdrre in th&gUfidHe Pk T oW oV REGHENTIth FORGH te BBRIsh A1 5598l SBweH prafr 2

comprisingycol, an oil, and an alcohol.
8. The fuel processor of claim 4, wherein the coolant storage comprises a tank.

9. The fuel processor of claim [, further comprising:
an oxidizer capable of heating fuel, water, and air and feeding the mixture to the process
reactor via the feed:
a fuel supply subsystem of providing fuel to the oxidizer;
a water subsystem capable of providing water to the oxidizer;

an air subsystem capable of providing air to the oxidizer.

10.  The fuel processor of claim 1, further comprising a connection to the at least one external
user.
Il.  The fuel processor of claim 10, wherein the connection comprises an outlet and an inlet

through which the coolant may be circulated to an external user,
12. The tuel processor of claim 10, further comprising an oxidizer capable preheating fuel,
water, and air {o generate a process feed stream introduced to the processor reactor through the

feed.

13. The fuel processor of claim 12, wherein the oxidizer comprises an anode tailgas oxidizer,
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a fuel processor, including: a processor reactor generating a reformate; a feed to the processor
reactor; and a coolant subsystem separate from the feed and capable of circulating a coolant through
the processor reactor; and a fuel cell powered by the reformate generated by the processor reactor of
the fuel processor. 16. The power plant of claim 15, wherein the processor reactor includes at least: a
first stage capable of receiving the feed and performing an autothemml reaction thereon; a second
stage capable of receiving the feed from the first stage and removing the sulfur therefrom; a third stage

capable 5¥ receiind e FEEGHEn the 88 ohd Shatata it peardemimy e YRS psHifrhsactoRiHEecn: a

fourth stage capablawimesivingihedaediramsthadhirdsiaga.andpesaming g eagond shift reaction
thereon; and a fifth stage capable of receigg}in the feed from the fourth stage and preferentially
oxidizing the récSiVRSTEEE. S TFOT F B 0w A AP SR MM 182 G AR A BHe HdE TP IHESPESEED reactor
conveys a fuelyaict@nbrwate nintiune.cdBadine paweripianhaf claim 15, wherein the coolant
Subsystem InCIELLJIg ftuator operated responsive to the sensed temperature in the portion to throtile to flow

of coolant through the portion.

is. A pewer plant, comprising:
a fuel processor, including:
a processor reactor generating a reformate;
a feed to the processor reactor; and
a coolant subsystem separate from the feed and capable of circulating a coolant through
the processor reactor; and
a fuel cell powered by the reformate generated by the processor reactor of the fuel

ProOCessor.

16.  The power plant of claim 15, wherein the processor reactor includes at least:
a first stage capable of receiving the feed and performing an autothermal reaction
thereon;
a second stage capable of receiving the feed from the first stage and removing the sulfur
therefrom;
a third stage capable of receiving the feed from the second stage and performing a first
shift reaction thereon;
a fourth stage capable of receiving the feed from the third stage and performing a second
shift reaction thereon; and
a fifth stage capable of receiving the feed from the fourth stage and preferentially

oxidizing the received feed.

17. The power plant of claim 15, wherein the feed to the processor reactor conveys a fuel, air,

and water mixture.
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a cooler capable of receiving coolant circulated from the processor reactor and exchanging heat
therefrom; a coolant storage capable of storing coolant received from the cooler; and a pump capable
of pumping the stored coolant to the process reactor. 19. The power plant of claim 15, wherein the
cooler comprises: a heat exchanger; and an air blower capable of cooling the heat exchanger by
convection. 20. The power plant of claim 19, wherein the cooler further comprises: a second heat
exchanger; and a second air blower capable of cooling the second heat exchanger by convectio 21.
The pov% - plant B REXTR Rignbatetatmhe edsiait Lsihiprisessabrsistbieisisiater, a glycol, an oil, and
an alcohol. 22. Theypewenpiant affclaimilB wharkin thecoslant Figiage:Corprsss adank: 23dThe
power plant of claim 15, fyrther co&grising: an oxidizer capable of preheating fuel, water, and air and
feeding the mix?ﬁ?e?%ﬁ%qbc%c%gge ACtor via the feed; a fuel supply subsystem of providing fuel to the
oxidizer; a water gutwsystemcapabté-of faoviding waterdteithe! dridiz@e cooler; and

a pump capable of pumping the stored coolant to the process reactor.

19. The power plant of claim 15, wherein the cooler comprises:
a heat exchanger; and

an air blower capable of cooling the heat exchanger by convection.

20.  The power plant of claim 19, wherein the cooler further comprises:
a second heat exchanger; and

a second air blower capable of cooling the second heat exchanger by convection.

21, The power plant of claim 18, wherein the coolant comprises at least one of water, a

glycol, an oil, and an alcohol.
22, The power plant of claim 18, wherein the coolant storage comprises a tank.

23.  The power plant of claim 15, further comprising:
an oxidizer capable of preheating fuel, water, and air and feeding the mixture to the
process reactor via the feed;
a fuel supply subsystem of providing fuel to the oxidizer;
a water subsystem capable of providing water to the oxidizer;

an air subsystem capable of providing air to the oxidizer.

24.  The power plant of claim 15, further comprising a connection to the at least one external
user.
25, The power plant of claim 24, wherein the connection comprises an outlet and an inlet

through which the coolant may be circulated.

18



an air subsystem capable of providing air to the oxidizer. 24. The power plant of claim 15, further
comprising a connection to the at least one external user. 25. The power plant of claim 24, wherein
the connection comprises an outlet and an inlet through which the coolant may be circulated. 26. The
power plant of claim 15, wherein the coolant subsystem further comprises a plurality of temperature
control units, each temperature control unit including: a temperature sensor sensing the temperature of
the coolant in a portion of the fuel processor through which the coolant is circulating; and an actuator
operatedxespofisive do ¢hel sengadtemige rahidre: int b e @oitio pute thikait & to flovapaesianithaough the
portion. 27 The pawer plan of glaim 49, wherein the, sl cell somprises a polymer electrolyte fuel cell
28. A method for use in processing a ueltor use i fué processor, cémprlsmg: feeding a fuel, water,
and air mixture totengroeessosareactemyeiprinngthemixture iththeqplocessor peadtar;cdntecoesting the
processor reac xro‘é‘@é@o?1%981@&%%&?{%6%&@%gﬁ‘sefgﬁ?c%‘i’amlix%rﬁd_to control the temperature of the

C

§ ¥
reforming. 29. The method of claim 28, wherein reforming Iéﬁe mixture includes: performing an
autothermal reattigivator operated responsive to the sensed temperature in the portion to throttie to flow

of coolant through the portion.

27, The power plant of claim 15, wherein the fuel cell comprises a polymer electrolyte fuel
cell.
28. A method for use in processing a fuel for use in fuel processor, comprising:

feeding a fuel, water, and air mixture to a processor reactor;
reforming the mixture in the processor reactor; and
cooling the processor reactor with a coolant separate from the feed mixture to control the

temperature of the reforming.

29, The method of claim 28, wherein reforming the mixture includes:
performing an autothermal reaction;
cleaning sulfur from the feed;
performing at least one shift reaction from the cleaned feed; and

performing a preferential oxidation on the shifted feed.

30, The method of claim 28, wherein cooling the process reactor with a coolant include

cooling the process reactor with at least one of water, a glycol, an oil, and an alcohol.

31. The method of claim 28, wherein cooling the processor reactor with the coolant separate

from the feed mixture includes circulating the coolant through the processor reactor,

32, The method of claim 31, wherein circulating the coolant through the processor reactor
includes:
exchanging heat from the coolant circulated from the processor reactor;

storing cooled coolant received; and
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cleaning sulfur from the feed; performing at least one shift reaction from the cleaned feed; and
performing a preferential oxidation on the shifted feed. 30. The method of claim 28, wherein cooling
the process reactor with a coolant include cooling the process reactor with at least one of water, a
glycol, an oil, and an alcohol. 31. The method of claim 28, wherein cooling the processor reactor with
the coolant separate from the feed mixture includes circulating the coolant through the processor
reactor. 32. The method of claim 31, wherein circulating the coolant through the processor reactor
includes: exchét’t‘&i’ﬁé}lﬁé%? TR LB S P RIFERTES FRTRS the processorreactor; storing cooled
coolant received' and pumping the stored coolant to the process reactor. 33. The method of claim 31,
wherein cha gn §atf rﬂthe t includ %T:s coolln cooﬁi}ﬁnt b con éré)n 3{11 e method
of claim 28, &St %? %Hﬂr SF@ﬁélaéi ?W% Lodiant cclﬂ % § e niBerature
of a porttmntatﬁtthg processer reactor through which the coolant circulates; and throttling a supply of the

coolant through the portion of the processor responsive to the sensed temperature. 35. The method of

claim 28, further comprising circulating the coolant to at least one external user.
34, The method of claim 28, wherein cooling the processor reactor with the coolant inchudes:

sensing the temperature of a portion of the processor reactor through which the coolant
circulates; and
throttling a supply of the coolant through the portion of the processor responsive to the

sensed temperature,

35. The method of claim 28, further comprising circulating the coolant to at least one

external user.
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COOLANT SYSTEM FOR FUEL PROCESSOR ABSTRACT A coolant subsystem for use in a fuel
processor and a method for its operation are disclosed. In accordance with a first aspect, the coolant
subsystem is separate from the feed to the processor reactor and is capable of circulating a coolant
through the processor reactor. In accordance with a second aspect, the constituent elements of the
fuel processor are housed in a cabinet, and the coolant subsystem is capable of cooling both the
processor reactor and the interior of the cabinet. In various alternatives, the fuel processor can be

employed to reform a fuel forcagfé?gl @%Mﬁ@@@@ﬁ%@ﬂ%ﬁ%@gg@&pmme thermal control for

unrelated mechanical systems.

ABSTRACT

A coolant subsystem for use in a fuel processor and a method for its operation are
disclosed. In accordance with a first aspect, the coolant subsystem is separate from the
feed to the processor reactor and is capable of circulating a coolant through the processor
reactor. In accordance with a second aspect, the constituent elements of the fuel processor
are housed in a cabinet, and the coolant subsystem is capable of cooling both the
processor reactor and the interior of the cabinet. In various alternatives, the fuel processor
can be employed to reform a fuel for a fuel cell power plant and/or may be used to
provide thermal control for unrelated mechanical systems.

Fig. 1



