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 drssrpaﬂW%ﬁF&CMUWﬁﬁfeﬁiéﬁlﬂﬁé%ﬁéﬁﬂ i %ﬁé&n%ﬂﬁ?@ﬂ%@@k&ﬁbrty. Most
readily availablecielg(e:Qe RtakpaRPaRARRIaDdGasRlnakand euantbadrsseammon ones (e.g.,
methanol and etha c) inclérde h e%Irg en, rért c%{asr% ecular structurenégrmeoyefealelu |mplementat|ons
therefore employ ue proces or that processes d partréguf1 tel to proauce a re’llatrvely pure
hydrogen streargrdstlctenfiie| Thnidaisl diagi, cells employ hydrogen as the fuei 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.



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 heat
management problemsn%gmventional ag%%%aches to these problems applies a separate cabinet
cooler. However, the separate cabinet (R % PR 5P dh e pevde mathdossis freiciencies of the
power plant as athde. idealTfuel pire b irpuentid this filre et dtoHesIVING,H08.ak laast ygducing, one or
all of the problemsymestigned.ab@ . coolant.subsystem for use in a fuel processor
and a method for itﬁerationﬁeﬁgﬂ%%r? égggﬁtanﬁ%gr Wit ngg ABoSIFEAFSt e disclosure,

S 0 SO RF RO PR $6&e them atstdbr sooTramtitordrict isieapalle of circulating

the coolant subsys

a_coolant throughdtiecpilpessbbleaeto(e ), aaeRI0RRCHMilh-3:20SRRESMBPHIMEN of the present
disclosure, the cgggﬁggﬁegﬁgl?gjggnﬁﬁ%é&? fa%%l Qﬁ']ocegsor &arcg housed ina cabinet, and the coolant
subsystem is capable of cooling both the processcziur1 YR PEn QU RSTeRoi e theleatinet. In a first
aspect, there is pro%dEd SR Syl camrpives phocdesonmplagter mdarttostre (processor reactor;

and a coolant subsysten: sepatdiefom W@@M@% g},&i‘gge@g grocgsse?c%r rf%alctor. a- coolant
through In gize60nd;aspect, there is provided a power plant, comprising: a uel preocessor,

including:

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

2.



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 which like reference numerals identify like elements, arid in which: FIG. | conceptually
illustrates a fuel pitsEEsSer e stmoteskand-operatediinRecaidance with.lhe present invention; FIG, 2

illustrates one partiestasiembediment.afthe fuel.progessorin FIG. |; FIG. 3 depicts one particular
stem of FIG. 3 E?:Iiée! A GraphicalifFifidrates the reforming

implementation of the_coolant subs '
process of the autagg‘ﬁg%raﬁéﬁrgéfﬁ?r%%grt GRS Fretds sorediogHotntin irbGsy reacklG. 5 conceptually

illustrates an inte§tat&daarce]fsowiereplant fueled by the hydrogen gas stream produced by the fuel

processor of FIG. ; , )
In a first aspect, there is provided a fuel processor, comprising:
; _ g

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. 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 in detail by way of example. It should be
understood, however, that the description herein of specific embodiments 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 di&iBRRSCRIFTGOMN RN MBStk aadiSgope of the invention as

defined by the appendeghclaimg R HEALERDESERIPTION OF, THEINVENTION . lllustrative
embodiments of the invention are described below. In’the interest of clarity, ot all teatures of an
actual implementStiSh JHe AULeHsEd THHIS stsemraatBs, Armmres cburdede dpprelbiated that in the
development of amynsudhidogictuakefabadimenty pdiaerous implementation-specific decisions must be
made to achieve the developers' specific goals, such as compliance with system-related and
business-related constraints, which will vary from one implementation to another. Moreover, it will be
appreciated that such a'd8veISpif@tadidhuskivisn 4f Gehmpnessamid tirfiaxiohsoimingawdild be a routine
undertaking for thosedhorginany-skildn theaiddohaving the benefit of this disclosure. FIG. 1
conceptually illustrates |.aracessor 100.constrycted in accordance with the present invention. The
fuel processor 100 comﬁr%é?sl%%%%o ant su 's(i}% Ez%nt{i%) - eoeghigfﬁjgrﬁ’ﬁegsgr%ﬁ%}eﬁ%bir; reactor 106 that
produces a hydrogen (St Hydrdgeirs a5 meHichas Strdemsrtodn vhbcorddmseswithstne @spect of the
invention, the coatant subsystem 102 is separate from the feed 104 and is capable of circulating a
coolant 110 through thg.processor, reactay, 13(?:5{@“][ co%lant 110 ma%/is be any suitable coolant known to
the art, e.g.., water, a glycol, arm ail. an alcohof, or the Jke T AESFEENCE With?4"¥BEB aspect of the
present inventiorffi@eopidiitientraterpentsbehhrenfiel X pincessor 100 are housed in a cabinet 112,

and the coolant subsysfam $02iis.sapmplehaening ke heRIQEASSAIJSAGIPRLAG ayd the interior of
the cabinet 112. 2 conce tuaqxcill strates one particular embodiment 200 of the fuel

111G,
processor 100 intiﬁcléy.%{?%%lﬁéﬁ;ft‘ciﬁgaﬁ SR G SR PR CHeFGEI Brodessor 200 25 pumps the
coolant 110 stored in af8&ofahtidiga Eororegambir iiR6Rath rouglp thegcoplantsubaysgtem 102, which
comprises a heat@xchangeipem-litae llustaisd embadiment e Golant.410 s 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 emBBdirientysnppliedtoand rétumedfram aneacdtese exteraakusers 208
between the progesseireasiar AR6.andine corleldl 8 pthesillustrated 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

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
emboditmentis is not intended to limit the invention to the particular forios 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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be associated. For instance, the fuel processor 200 may power a power plant for a building, and the
external user 208 in this situation may be the air conditioning/heating mechanical system for the
building. 5The processor reactor 106 in the illustrated embodiment comprises several stages, including
a reformer stage 210a, a desulphurizatiou stage 210Db, a shift stage 210c, an inert stage 210d, and a
preferential oxidizing stage 210e. The reformer stage 210a is an autotherrnal reformer ("ATR"), and
may be implemented using any suitable reformer known to the art. Note that alternative embodiments
may employ toother stages in addition to or in lieu of those illustrated, depending on the design

constraints imposed by the intended end-use. In the illustrated embodiment, the coolant
subsystem 102 circulates co%l}9 Ntingi Ljﬁg%}tﬁﬁxw%ﬁ%@ﬁd@mugh a respective one of a
plurality of is branches 226a -22 ach of the branches 226a - 226d includes a temperature control

unit 228a - 228e. EachHEiFarAEIFECHREST tiftrosa oo IAamRfdLH B mivekstE$ensor Sr sensing
the temperature is¥ a:respeatvestagen2i 0 - 210aandmnactuation 230ale230d. adhsactuator 230a

-230d operates respansjve to.the,sepsed t perature inthe.r tive stage 10b - 210e to throttle to
flow of coolant 1f6%%ét"f'{llr0§ug# ?ﬁlé§P£sC€g%Sﬁ?/£§ br ﬁéﬁ%%aa teéréegg%%\]&ﬁ%e% C eta?l’rssugne particular
implementation ofctivd eBoRIPOG iAURECEORPIEBONsYMaRrdfe droienustrhisaeibédiment.

Referring now to Lethdite. &anghdrtGepdeiaoleunl, 1ild is deamynfromian eydernalmatensupply 302
(shown in FIG. 3) into the 25 Jeservojr 202 arﬁd “g:d[c‘%lat%d by the(iﬁjumgezlpﬁé TQ}e Lump 204 circulates

the coolant 110 t u\s’/]gﬁsgﬁ%laﬁ%rtgogft?ﬁlémfir&hé%sor reactor 106 and €U sﬁls%erﬁs assoclated with it

through the feed$PESeSH T iNBRTCIasHIRPROX {shonerineP! GLg) ovariftredipies 2412 - 215. Coolant

110 previously cifgulated iR iDeRINESsSOLIBAC RN AR retuedJothe£oantsubsystem 102
through the feed RETURN (shown in EIG. Cl’igover the 30line 218. Note that the coolant subsystem 102

is separate ffdm MHEIEHEE 184 LR T CAFKBHECof 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 environgient bspugh s SRk, 206,THe.sa0lef A8 arlsiied mbodmen

includes two heat exchangers 304 and a plurality of fans 306. The fans 306 facilitate the heat
exchange througth&" ASESEXCHAMERs 304. bW eFRsEha00 comprises a coolant subsysten
102, a feed 104, and a processor reacfor 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.



s number of heat exchangers 304 and fans 306 is not material to the practice of the invention and that
alternative embodiments may employ, e.g., one or three heat exchangers 304 and fans 306. The fans
306 also circulate air from the interior of the cabinet 112 (shown in FIG. 1) to the exterior of 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 cabinet 112 at the same time.  The coolant subsystem 102 of the illustrated
embodiment also can provide heating and/or cooling 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 O§, as is shovg%n FIG. 2. This funptilgnrli?fl(i)t!y&js provided
through a connetiBH S whiRh EoHipHdes ah BIHEET22 addrak it 234 WrBligh Which the coolant
110 may be circbiskédgto and Hromdheneitensal Ulrs i208hiAs sErghowntmFI18: 3hthezigoolant
subsystem 102 %R{%%%gl%qgma@@%ﬁ%@g&ngwl processor 102 through the lines 308,
310 and the feeds LI, L2. Note that the lines 308, 310 circulate coolant 110 from the reservoir 211, Le.,
cooled coolant 110. Note also that the flow of coolant 110 through the lines 308, 310 can be controlled
not only in agross seriie hyoopsrationtof e puthp 204yt alsedrzfinemgense dbyethle valves 312,
314.25  n Oe%fg%y&ﬂcﬂa&gra%?m rﬁ%fﬁt%éaoé reierms-hadeed L0 intq Wshwdrogen, or

hydrogen enriched; gas stream 108 and effluent b)égroplugts, such as water. The feed 104 in the

illustrated embodifreRt EsritAzs 2 fiserodie ARG PHTRS R L o kiGiZEP B EE8BWN). Note that

the effluent wateribyproghual{rretshowahftam thel 80 pperation o the: prosesserirgacigr 106 may be

Sirfﬁéasffr 2%%5 E‘ﬁ&%ﬁ‘l%%%?'%%%g@%%tﬁ@ 3%921\%%‘%%9%&%%&9@%%%&% daineg,fggm the fuel

epicts a general process flow diagram illustrating the process steps included in
the illustrative eribedireats GlHOpesentttirariohosTHEFSIRS g rrRdE bbb adsdfated with FIG. 4

is adapted from Kpied-StaipsRaieni-Application-14/006,963, 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’shibeilisppiracimbotineat.cbaaiyiamh Uy srprobtedsivieierdetligineeded in the

flow of the reactapis;thkayah the Precesssy reagiorkObnThefyalRo6esar2PAHdasd.104 includes a
hydrocarbon fuel, oxygen, and Wgcg\(;-/r mixture Ttt}e ox?%[j %anit‘)z?dfn ti‘ie orm of air, enriched air, or
u |

substantiallypur¥6'6kyd%h TR watareah'Be e éd%s & 81T ah T AR

qulflc? or vaporr.anﬁae c%mposition
percentages of theifiebdrdoPaponcitiear&dbtemyredbythucd esitell peratify ivonditions, as discussed

below. The fuel pracessor effluert stisamifram.elihedresentinyentiandngtidesipydragen and carbon
dioxide and can also include some water, unconverted hydrocarbons, carbon gponoxi e, impurities

(e.g., hydrogen TR & afm oy Hd Bt (Bm Ao HemE (& SRPETRI SRdERE0N, especially if

air was a compoisptefithérféedrstredin) stage 210b — 210e to 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.



Process step A is an autothennal reforming process in which, in one particular embodiment, two
reactions, a partial oxidation (formula 1, below) and an optional 20 steam reforming (formula 1l, below),
are performed to convert the feed stream 104 into a synthesis gas containing hydrogen and carbon
monoxide. Formulas | and Il are exemplary reaction formulas wherein methane is considered as the
hydrocarbon: Cl441- 1/202 -> 2H2 + CO(1) CH4 + 1120-> 3H2+ CO(ID 25The 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 jemnsratre 89 Aydiogenyieldy30os codiisARgtating

temperature of the autothennal reforming step A cari ragrw%;- from about 550 C to about 900 C,
depending on théfasd sotaitReErmkHBesRilRtoTiE R0 St SAAFrATE R R YE4H conditions are
all examples of patameterseonitoties ky: tehennirol Gy sidm oitieypresentitventiofnd he illustrated

embodiment uses,a catalyst bed of a.atil adRoN AANSLIAES S RLAtage g10a with or
ing s

fa
without a steam re@ormlng ca alysaf. %@r%% SS ste% B Is a coo ep perfonued in a cooling stage (not

shown) for coolimyrthe 9yitse sisjagestrddhifofanp RiSeissstapisidl Lo pErsiti & bifom about 200 C

to about 600 C, prefarably.frans: aheit8v5 &nikabent 4vd Guispreparediiedemperatare of the
synthesis gas effluent for rocess ste IS d below). This cogling. ma achieved with
heat sinks, heat i SEET e%tge“?((?: asf%ggé‘rs %%8%%?%%8 ﬁlf)%ur!ggegl %I%%}%n %pet%l?gglt%l?)]}]es and the need
to recover/recyclattinet Héat domtent BI¢hd yadstredsricasihthampoaitable typéof ewdI8Kt For instance,

the coolant for pgcess.step Bumay bedhe coalant id Aok tha coalarhsubsyste il 2mProcess step C
is a purifying step, performed in the ,desulgg:lurizati n stage 15 210b, and %p%%ygnéi&% oxide (ZnO) as

a hydrogen SulfideeBB5SHETOHE 5 thee Nt RS o ARy ErE ESHESh StFEaM TS sulfur, which is
converted by themattathétmatiratoiriingthtepnte torkydrogen 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 ,
The coolant subsystem 102 of the ilusttatéd 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

_§-



20extrudate, pellet, etc.). Desulphurization is accomplished by converting the hydrogen sulfide to
water in accordance with the following reaction formula Ill: H2S + ZnO --L 1-120 + ZnS (lll) 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
subsystem (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 bei d . i i i i
other milar ma TR el e S S B ornativ

5
ni _ nd/or assist in the vaporization of the water. Alternatively,
any additional watéitedaiCberinmdistSositrriedd, Biduriegiixigisesy Bifto&#epdittbned to provide

better ﬁnigigg of the Sidanteas in ihe.f@ erdaticnsiepiaitdiseussedhalowy pibisiiemperature is also
controlled by I on ol t ek REBSIDDIAY A

One of ordinary skill in the art should appreciate that a certain amount of

progressive order is needed in the flow of the reactanis 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 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

-7-



Process step E, performed in the shift stage 210c, is a water gas shift reaction that converts carbon
monoxide to carbon dioxide in accordance with formula IV: H20 + CO -? 1-12 + CO2 (IV) The
concentration of carbon monoxide should preferably be lowered to a level that can be tolerated by fuel
cells, typically below 50 ppm. Generally, the water gas shift in reaction can take place at temperatures
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 again to FIG. 4,
process step F, performed in the inert stage 210d, is a cooling step. Process step F reduces the

temperature of the.gas, sl gme;g praduce.amefiinenthaving afemparaispreferably in the range of
from about 90 C to about 150 C. Oxygen from an aijr sub%f\f(?stem (not shown % is also added to the

process in step FcaﬁaWé%’ﬁg’;aéﬁ%f%ﬁétﬁﬁ?&a B TR RNEE BrseasL NS B WEAMiBed below. 20
Process step G, pestondatchingtisajyseferential 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 occlr in procB&EIsR 5 & AR tesier Rixforatidriiot eatBonsienBRIcfeifila V) and the
undesired oxudat@m@jfghydﬁpgmzefgmunlaﬁ ras fotosassiepQ, told 20263« V) ithraM202 -> H20 (VI)

The preferential g&g%l agou?%{)lag%\)j %ra elsf F%Qyéq[w drga%atg@s Slnceth30 both
ea

reactions produce heat It it may ntage usto” op |onally inclu cooli gpeﬁ%men% such as a
cooling coil, disp&sehwittsiriile prodess. SihelBpetatndtenipiseatiive 6f (dfovess iBepreferably kept in

the range of fromyaRotARCrlaR0bhieved with heat sinks, heat 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-



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 other constituents which may be present such as water, inert
components (e.g., nitrogen, argon), residual hydrocarbon, etc. Product gas may be used as the feed
for a fuel cell or for other applications where a hydrogen rich feed stream is desired. Optionally,
product gas may be sent on to further processing, for example, to remove the carbon dioxide, water or
other components. 10 Note that each of the process steps A - G described above occurs within
specified temperature ranges. The precise temperatures in the ranges are not material to the practice

of the invention. Indeed, ihe Datuie And QrdgE afiihe SeRs.AL8 IRIMERUOR fRARHG depending on

feed 104 input and the product gas stream 108 15for a given application. Thus, the precise
temperatures in THE M mpratoF ?‘gnéaésl%vﬁrﬁog(arR?é@?Wiﬁﬁﬁe%é‘ﬁf&‘f?ﬁ?ﬁs‘b%‘&‘iﬁc dediyn constraints.
Returning now t@efea:andkEiGomrdhe palantsubsystemiil2nsusddwmiielp 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 sens8rSisrEadh reiparaiardctnt srentdogn 2 WogEeHEBIME®—mperature

within its respective siagas2hhr RdQgidE thedemprraidie wikinibewrspestiverstage 210b - 210e
approaches or exceedﬁ t&g wpper t oijg (ﬁﬁe desired temperature range for the 25 respective
process step A - G, the féspéctive tempétature control unit 228a - 228d opens the respective actuator
230a - 230d to ifbresmeatiaflonebtwbolanebiBithbrethmatebly threlesiwipé fatarevwithi the respective

stage 210b - 21Qg,apRMaARE S PR.EXAEAS i IoVRRbaLRdOf the-dasinad Jermperaiuie range for the

respective process step A - G, the res(%gtive temperature control unit 228a - 228d %oses the
30respectivd actiziii%842ko 3565 4" (eRpEaREtHY fi5h 67 Lool 1S thRBEHFELGh™  As the
temperature contialuniis228ade?28H aariitiohthedempieatubenvvithioxifiein respactivestages 210D -

210e, the coolant 110, Isgirquiated dropgh e, aRIer0:7 Q8106 Neahe¥qpangad.rom the stages

210Db - 210e is dumped to the atmosphere. As was described above, this is accomplished by the fans
306 blowing air &¢r688hy Hetoakehagere! oA srhRigiieair across the heat exchangers 304 also
removes heated air from the cabinet 112 to the exterior of the cabinet 112. Thus, the interior of

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



5 the cabinet 112 is cooled as the coolant subsystem 102 controls the temperatures of the process
steps A - F in the stages 210a - 210e. As will be appreciated by those in the art having the benefit
of this disclosure, fuel processor 100 in MG. 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™) 106 produces
the hydrogen gas stream 108 to power a fuel cell 502. The power plant 500 is an "integrated" power
plant, La, 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

Wypical Polymer Elgctiolys EuslCell (REFE): al30 Knpwnian Riolon Rusande Memprane Fuel Cell
, W e e

("PEMFC"). However, other types of fuel cells may be used. Note that not all aspects of the invention
are limited to appieatibitinssushiars isshiated powkepiant. Thus, some embodiments may be
employed in a power plant 20that is not integrated. In the embodiment illustrated in HG. 5, the fuel

processor 200 more paticularly comprises several modular p% ical subsystems, .namely: the
brocessor reactor 106, WHOE s ACEB AR Fofb Rt PO Sth A D A SR e
oxidation-reductistbreatitivdcdat refomisratfueitinpbictorthe hueprotesxbr a0@intoinegas 108 for the

fuel cell 502; an oxidizer2Q6 . Whigh,is apRRpI&ialoasexidizer CAT SR hesillustated embodiment,
that preheats water, fuel, and air to create a fuel mixture delivered as the feed 104 to the processor

reactor 106: 30 K& UioSgd e s08, SHAPTER I ZRPHBHP RO T RIFRIG A" AP thElustrated

embodiment) to themxidizeir<s0 6 iaiamidingrinicitbe feedbtO4rd elivierBalier thecpraogdsor reactor 106; a
water subsysterg)égnogiegt]gl}é}ggi‘y% walsh inihe ALE: 208 far mhdng.ipto the feed 104 delivered to the

processor reactor 106; an air subsystem 512, that delivers air to the ATO 206 for mixing into the feed
104 deliverét] to the processor reactor 106; and 5a coolant subsystem 102, that controls temperatures
in the operation of  Note that each of the process steps A — G described above occurs within

specified temperature ranges. The precise temperatures in the ranges are not material
o the practice of the invention. Indeed, the nature and order of the steps are
implementation specific depending on feed 104 input and the product gas stream 108
15 for a given application. Thus, the precise temperatures in the temperature ranges will

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

-16-



the processor reactor 106 in a manner described above. The power plant 500 also includes the control
system 514 that controls the operation of the power plant 500 as a whole. One task executed by the
control system 514 is the temperature control for the process of the processor reactor 106 through the,
10temperature control units 228a - 228d, as described above. 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 caatrols. (. 23p85ie.of i e pIACeTee” LAB.aRatALaN nojuagkimaqual control. The

computing apparatus 50 IS rack-mounted, but need not be rack-mounted in all embodiments. Indeed,
this aspect 20 df=ar} gveibchphertefiatibretaPsbatdte i FndpPAEHEs 8t 85 imiEntion. The
computing appalaius.§09:maydae mplemenied asadeskienp perspnatcomgsiessaworkstation, a
notebook or lapto mputer, an rocessor, or the. like.. The.computing apparatus 600
illustrated in Flé?%%gjﬁ% 68 |ﬁig?§£g§} :}[{%2?8 F?Fboéé)sfstgcﬁ“é’g%“%gr%zmgﬁ%‘é%é” i{/%/lgt%r E'?orage 610 over a
bus system 615hT hebBrsrigei6 1@ ihss idelveldaatabayeink birorikahdbaiausadstremory ("RAM")

and/or removahig: stgragessiich as & fleppyaaonetie gisk 617 and an optical disk 620. The storage
610 is encoded with a data 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 conjufsctidhbwithpseclispldy 646 imblemdnaring sdreinférdadas@4BloThe user interface

645 may include,periphetal 149 deMiees skERAS MkeYRALALKEMRORHA: 2 001655, or a joystick
660. The processor 605 runs under the control of the operatlnggsystem 630, which may be - 12-

practically dhy GHeraGrgRspest Ko Wke et PR En B b as S i Sked B the operating
system 630 upcrperser Bid:.résetcontbdth ,ideetrdin duaincthiepimplephantidifon efbibe tbperating system

630. 5Some potions of fag detaiee dasorRHRRS REIGIR.ALE CANSRAHEIIYPISSRRIER N terms of a

software implemented process involving symbolic representations of operations on data bits within a
memory in a cof§pitifg E?%@W%@E%%%Eﬁi% SRR RSB H porie SRaF it €entations are the
means used byijikopeiastbe @0 fadvastieffedtivedy:eoinveietihadsuibStiadacbpifreisaydik to others skilled

in the art. The 10 es operation require h&{g(iq mﬁpé%é tiapsf;physical gyantities. Usually,
though not 1r51eceagé)aﬁgl‘%i °?ﬂe§§£ gffﬁtﬁl%ilg%uﬁgféntﬁg%orm o?szélectrica?, magne%icE gr optg:al signals capable

of being stored YrHSTEAEHCCEIRETALE: Euph Satb & FARE otHervicle Tiafiguritad 1 4i4&%proven

convenient at timesbpieapally Jorreaseus)of kemmaniisagesiafaler tathasgisigisals as bits, values,
elements, Sym%(l)%é Cd}a%raﬁggeﬁ '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-



15terms, 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 to these quantifies. Unless specifically stated or otherwise as may be 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)
guantities within some electronic device's storage into other data similarly represented as physical
guantities 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,” 3l ihe like. Note flsp, M3l ne seltvarg mplauenisd aspects of the
invention are typically encoded on Some form of program s%rage medium or |mprfxemégnted over some
type of 30 transmission 'meditierthTieddidgrairestdrage preair meybéhagnetic (e.g., a floppy disk
or a hard drive) or optical (e.gh..3 e¥pRE! siskieadpRlY MeM@EA DD "R RQMhand may be read
only or random access, Similarly, ransmission medium may be twisted wire pairs, coaxial cable,
optical fiber, or some other sﬁ?g‘%ﬁ&eﬁ%{% ;lwt?aae%}r’ﬁ?lse Boﬁcﬁggﬁﬁﬁar%{%ﬁgvg\;ﬁ%g the art. The invention is not
limited by these aspects of angogivesmirspiemnéfitatiohcdmiGls Tegregpiticadijnithestratastd operational

interface between the fuel e processor reactor 106 in a manner described above.

The power plant 500 alse includes the contrel system 514 that controls the operation
of the power plant 500 as a whole. One task executed by the control system 514 is the
temperature confrol for fhe process of the processor reactor 106 through the

10 temperature control uniis 228a — 228d, as described above.

One particolar implementation 600 of the control system 514, first shown in

FIG. 2, 1s illustrated in FIG. 6A and FIG. 6B. Note that, m some embodiments, the
control systern may be implemented on a computing system comprising a number of

15 computers such as the condrol gystem 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
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 -



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 coolant subsystem 102. The
heat exchange is controlled through 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
temperature control 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 r@.ctice in different but eguivalent manners. apparent to those skilled
i the art hang TE Be R e e B RO TR e o the
details of construbtiofPerediesigrithardif s Henin Petfier thaited. desdrtieddeparéistaivhs below. It is 20

therefore evidentihaibepartigulargmbediseatssdisclosed 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 set forth in the claims below. WHAT IS CLAIMED: 1. A fuel processor, comprising:
a processor reactor; a feet wtheped desddritehdtonipifabcsiiamnt subrsysteiy sepaskte from the feed

and capable of cifcilatingra Gopiant toHab.he REREESSOsIeAC R hefuglpiagasser of claim 1,

wherein the processor reactor includes at least: a first stage capable of receiving the feed and

performing an altBTHEFATaPPe i GHINEIEE DB SagEREFE0TE 6 eCelv N HE Red from the
first stage and retaovin(the: saifuipthesefrd mpasthintistage Gapable ofabeeising thédeed from the

second stage ang, peorIng.A, sl Shiflreacinn, ke A AUHLSage6ap ARG OTFaceiving the feed
from the third stage and performing a second shift reaction thereon; and
10 process and operation require physical manipulations of physical ¢uantities. 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

-~ 13-



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 comprises: a heat exchanger; 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 ar blowel, capaiie al.001% e SREoNC MEBLEXRANGSH: finflPBLRIagRsRO! of claim 4,

wherein the coolant comprises at least one of water, a glycol, an oil, and &n alcohol. 8. The fuel
processor of clafth®y WHe e e 8Bt storage comprises a tank. The fuel processor of claim 1,
further comprising: an oxidizer capable of heating fuel, water, and air and feeding the mixture to the

process reactor via th%‘{&.edf graphically illusirates the operaticnal interface between the fuel
5 processor 100 and the fuel cell 504 first shown in FIG. 5. Note that the interface.

mcludes a heat exchanger 700 through which coolant 110 may be circulated from the

coolant subsystem 102, The heat exchange is controlled through a temperature

control unit 702 that throtiles 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 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 capable

preheating fuel, water, and air to generate a process feed stream introduced to the processor reactor
through‘tﬁé B Qi iERel processor of claim 12, wherein the oxidizer comprises an anode tailgas
oxidizer. 14. The fuel processor of claim 1, wherein the coolant subsystem further comprises a
plurality of temperature control units, each temperature control unit including: a temperature sensor
sensing the tertpgrARIAY BFthe eBBIARTH a portion of the processor reactor through which the coolant
is circulating; angkcatsestuatennperated responsive to the sensed temperature in the portion to throttle

to flow of coolan% trgouglh the portion. 15. A Ci)wer plant, comprising: a fuel processor, including: a
E% ced o GPFO CSS(%I" rea%tf)r; a

processor reactor generattng a reformate;
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



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 autothemmi
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 feactiohtth8rdanoectourt staige sagabiendheaceidnthefeadifrons:the third stage and
performing a segg&q)%ilgggggﬁmdépgrﬁgu 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 ProcEsEcH rEKLtsF é@?ﬂl’Z?§faPﬁ9@F}%m€afﬁ%%@ﬂh@mb@ég%8. The power plant of claim
15, 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' 8RR PESEE pinp Eabdp ¥ B piinTliny e s red evslahiser tHa prolcasicredctor.

glycol, an 0il, 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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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 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 Eower plant of claim 15, further comprising: an oxidizer
capable ¥ prend&ibi fudioshsier, 2nalainahd Yesdy the Aaglere fInstsrs it re4BIvisEtha feed; a

fuel supply subsiysteiny of praviding duehietheiexidizer:-apatai-subaysiamicapable of providing water
to the oxidizer; an air sub?stem capable %providing air to the oxidizer. 24. The power plant of claim

15, further confhiTEMRG A EEnRITattiorr 15 e Xt IRHEEEHE Sl hfafedart B FHEBoNPpIRICETERim 24,
wherein the connettichrcoghprisies aiz ostlatvindianiiniely; and

an actuator operated responsive to the sensed temperature in the portion to throttle 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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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 operated responsive to the sensed
temperature in the portion to throttle 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'fdroiEs MR siaHE o REHPRTGofeRUHESHH6™ WFdiEFSand air mixture to a

processor reactorsseferniggihe ofixtareiththe:psoerSsREIRAIOE AN CROING:IREPresassorfiaactor
with a coolant separate from tlgg feed mixture to control the temperature of the reforming. 29. The
method of claint ,m\}\%l\légl;gﬁa? 8?%%11% mixture includes: performing an autothermal reaction;
cleaning sulfur fromithe feed cpadasmint:atleasbonaishittiredciion fiemdéiercledned feed; and

performing a prefereptial adaion on s shifted feed, 80, The method of claim 28, wherein cooling
the process reactor with'a coolant inciude cogilngctﬂe process FEACHS With 4t least one of water, a
glycol, an oil, and an alcohol. 31. The method of claim 28, wherein cooling the processor reactor with

the coolagt seppyals (1amy 1 (52l IASTR ANElyeED clislalg the. coolant through the processor

reactor. 32. The method of claim 31, wherein circulating the coolant through the processor reactor
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.
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includes: exchanging heat from the coolant circulated from the processorreactor; storing cooled
coolant received; and pumping the stored coolant to the process reactor. 33. The method of claim 31,
wherein exchanging heat from the coolant includes cooling the coolant by convection. 34. The method
of claim 28, wherein cooling the processor reactor with the coolant includes: 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 2trthersomprisipiptiretitdding therdeotantio ableastone wxtefnahtserm O bANTTYSTEM
FOR FUGH EROCESSOR ABRTRACT A coolant.subsystem foruag,in a fuel processor and a method
for its operation are disclosed! In"acordante With afirs aspect, tiie Eoolant subsystem is separate
from the feed totheproeessornsactemang i edpaipieofeirotildtingealooolant through thelprdoessor
reactor. In accordance with a second ﬁ&pg&&a%emcapaﬁcyggt f%I%_ments of the fuel processor are
housed in a cabinet, and the éoolant subsystem Is capa 1e of cooling both the processor reactor and
the interior of th@abipietr. thovaifid s pdranatioéke t#psfddrprovessonti bertmployedits fefbew a fuel
for a fuel cell poyernlaRtARHLermay At Hsed to provide thermal control for unrelated mechanical
systems. Fig. 1

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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pumping the stored coolant to the process reactor.

33.  The method of claim 31, wherein exchanging heat from the coolant includes cooling the

coolant by convection.

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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