COOLANT SYSTEM FOR FUEL PROCESSOR BACKGROUND OF THE
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invention pertains to fuel cell power plants and, nore
particularly, to a coolant systemfor an integrated
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difficulty is the use of “fuel processors” or “reformers” to convert the hydrocarbons to
a hydrogen rich gaé stream which can be used as a feed for fuel cells. Hydrocarbon-
based fuels, such as natural gas, LPG, gasoline, and diesel, require conversion for use
as fuel for most fuel cells. Current art uses multi-step processes combining an initial
- conversion process with several clean-up processes. The initial process is most often

steam reforming (“SR”), autothermal reforming (“ATR”), catalytic partial oxidation

‘ (“CPOX”), or non-catalytic partial oxidation (“POX™). The clean-up processes are

- usually comprised of a combination of desulphurization, high temperature water-gas
shift, low temperature water-gas shift, selective CO oxidation, or selective CO
methanation. Alternative processes include hydrogen selective membrane reactors

and filters.



1 Thus, many types of fuels can be used, sone of them
hybrids with fossil fuels, but the ideal fuel is
hydrogen. If the fuel is, for instance, hydrogen, then
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cabinet cooler. However, the separate cabinet coolers adversely impact the power and

25 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.

w SUMMARY OF THE INVENTION

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

are disclosed. In accordance with one aspect of the invention, the coolant subsystem
- 15 separate from the feed to the processor reactor and is capable of circulating a
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Is. separate fromthe feed to the processor reactor

and is capable of circulating a -2 cool ant through

t he processor reactor. In accordance with a second

aspect of the present invention, the constituent

el ements of the fuel processor are housed in a

cabi net, and the cool ant subsystemis capabl e of

cool ing both the processor reactor and the interiorof
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reformer of the fuel processor first shown in FIG. 2;

¥IG. 5 conceptually illustrates an integrated fuel cell power plant fueled by
. thehydrogen gas stream produced by the fuel processor of FIG. 1;

20 FIG. 6A and FIG. 6B concepiually illustrate a computing apparatus as may be
used in the implementation of one particular embodiment of the present inventioﬁ;
and -

FIG. 7 conceptually illustrates the operational interface between the fuel
- processor and the fuel cell of the power plant of FIG. 5.
25
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,

30 but on the contrary, the infention is to cover all modifications, equivalents, and

.altematives falling within the spirit and scope of the invention as defined by the

appended claims.




of exanple. It should be understood, however, that the
description herein of specific enbodinents is not
intended to limt the invention to the particul ar
fornms disclosed, 30 but on the contrary, the intention
is to cover all nodifications, equivalents, and
~alternatives falling within the spirit and scope of
the invention as defined by the appended clains. 3
DETAI LED DESCRI PTION OF THE I NVENTION Il lustrative

enbodi nents_of the invention are described helow In
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10 COhRp tedbhefit of thiv 8k¢ledes a fuel processor 100
constructed in accordance w th the present invention.
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“In pertinent part, and in general, the fuel processor
200 2 u (o} t 110 sto a

st or ag%‘leo?%%écs@sgl% ﬁhs%‘ntaioqwamcu%s eyﬁ{)&unen‘l: %8&) 3Pl 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 “external users” 208 may include mechanical systems not

~ otherwise associated with the fuel processor 200 or any power plant of which it may
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cool ant subsystem 102, which conprises a heat exchange
loop. Inthe illustrated enbodi nent, the coolant 110
is water. More particularly, the punp 204 punps the
cool ant 110 fromthe reservoir 202 through the
processor reactor 106 and a cooler 206, and back into
the reservoir 202. The tenperature controll ed cool ant
110 is also, so in this particular enbodi nent,
supplied to and returned fromone or nore externa
users 208 between the processor reactor 106 and the
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unit 228a - 228e. Each tenperature control unit 228a -
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cool ant 118 20 through the respective branch 226a
-226d. FIG 3 details one particular inplenmentation of
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3, coolant 110 is drawn from an external water supply 302 (shown in FIG. 3) info the

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) aver 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
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.
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3, coolant 110 is drawn from an external water supply
302 (shown in FIG 3) into the 25 reservoir 202 and
circulated by the punp 204. The punp 204 circul ates
the coolant 110 to various parts of the processor
reactor 106 and subsystens associated with it through
the feeds DES, SHI FT, | NERT, and PROX (shown in FI G
3) over the lines 212 - 215. Coolant 110 previously
circulated to the processor reactor 106 is returned
to the_coo ubsystem 1 throu h the feed RETURN.
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In operation, the processor reactor 106 reforms the feed 104 into the hydrogen,
or hydrogen enriched, gas stream 108 and effluent byprdducts, 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
operation of the processor reactor 106 may be circulated back into- the coolant
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
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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 punp 204, but also in a finer sense by the val ves
312, 314. 25 In operation, the processor reactor 106
reforms the feed 104 into the hydrogen, or hydrogen
enri ched, gas stream 108 and effluent byproducts, such
as water. The feed 104 in the illustrated enbodi nent
conveys a fuel, air, and water m xture from.a

oXeFaristed W(th 516 <is aippted figmd nited, Stafep Ratgnt APBAton {085,963,
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dryafy8ob3, Qravtibifion NE.USROERBSN0 Ad§0. FIG 4 depicts a
genéral process flow diagramillustrating the process
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Decenmber 5, 2001, |n the name of th nvent ors rtis
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Ki the art shoul d te that
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t hendigss,! aNdiscubd OLIgR. 1TIR REIOSOSSRE crfait dikam K ofTihe
fuel processaor 200 feed 104 |ncggde a hydrocar.b
efdrei G

f RBpsert duxeRiian melpdgs inregen and serfop P el

t hxaatér,o ﬁlﬂdoﬁi‘/e_?‘_lﬁdi rhyd@edrbodk) eehtr):amr moﬁli’xgﬁu bﬁﬁl&iﬂbﬂ @dy hprlmi@n
Q e wat.er can be introduced as u

v B S Fanonci B eSO RER 4 o ERED 0 s 3o i

ComRanafpccRbethd ee@stied by the desired operating

condi tions, as discussed below. The fuel processor

effluent streamfromof the present invention
i ncl udechiy step g ancintdthemiabefomiing pradess anehicig in cmlegmicular

e SO AL ) MEPRNGLS S TSRAPIR of N
amﬁﬁmnabnﬁmg@%ﬂmﬂdHpmmﬁgnaﬂbeﬁﬁmmgu>ammﬁwmgﬁndam@m104
St tg érﬁqﬁﬁ si% %asacon mng hja}éro gen an cfc' car%on m%%om ch tFoPnﬁulatslT gnc{ f&rg
exemplary reaction formulas wherein methane is considered as the lrydrocarbon:
CHy+ %0, ->2Eb+CO (D
CH,+H0->3H,+CO0 @)
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.

The operating temperature of the autothermal reforming step A can range from
about 550° C to about 900° C, depending on the feed conditions and the catalyst. The
ratios, temperatures, and feed conditions are all examples of parameters controlled by
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Process step Ais an autothermal reform ng process in
which, in one particular enbodinent, tw reactions, a
partial oxidation (fornmula |, below and an optional
20 steamreformng (fornmula Il, below), are perforned
to convert the feed stream 104 into a synthesis gas
cont ai ni ng hydrogen and carbon nonoxi de. Fornul as |
and Il are exenplary reaction fornulas wherein

met hane is consi dered as the hydrocarbon: CH4+ V22
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( nottalghisdf a parthl buiidptied catdysCianhe rafoindn stage :nﬁeyg‘ﬂnon withblie
fee[d StE ea,mf%%f’s{s parti al oxidation whereas a higher
coh wat er vapor favors steam reform ng.
The ratios of oxygen to hydrocarbon and water to

sthat O aen st B S P S Bt R ST R o
y| aloting BO syhithesiOgre siddainiprh SIIpas sttplA do ﬁ)feﬂiphl@tufﬁﬂfﬁoh'gﬂﬁﬂﬂ
t t 0
0od L it @ € AR ERE AR SIS Bhoul € hrRe e
c ateﬂwsﬁme o'ﬂgfeesyi;t}irfsis%s effRBR Eorothe pRBess aBsl Cf @ﬁﬁlS?Cgl 1133;)

t es of, paraneters c
Otk bHE s b PeHES Tiihoead S IHCRRE o 0B R
10 Th&pbﬂdhngsipbmttedieﬁgmqﬁbmbnyaﬂ&haneeﬂab @écﬁﬁeﬁ‘fr&@@de ﬂfe tat

part{e&Jr XI da |on cat al ﬁlfl g@%ﬁﬁ@o&t[ 1y t§’ntc§, 18%‘5

st &ppﬁcdssst@ mﬁ@hemga cﬁbl&ﬁt m@éﬂ‘t@a”dmxdnﬂsﬁasglst@@mz ng st age
(not shown) for cooling the synthesis gas stream from
process step Ato a tenperature of fromabout 200 C

t 0 abolioc&RBtefe,C oracprifiding Yed, perforaidd i thd Absulphiuizadfo sthge

g2k GuROFY 50 ot 7Dl RS hEbs® eoes dBmBila el
Thingin dowpiritieg ofrehy Hyeroasrbore wesdm\is tshlﬁhe ahichiinkspvehi@iaby the
© Rt Phl P R AR Rt SRR 08 PRERgRY Bof R
hegbces eyt ﬂlpreﬁfablyhmclgdﬁs 3 o e:am umi/mgot&nymﬂeﬂal abdable of
o S3uBine 8% Mlhene Bl RARE S iy e %5 Pt B omm
20 S ugxtryditee pelit 2c.). PPeulpbgizsticaps Lcdmplahqdibyichienins Stedpdrogen
P eé’uiiﬁr Watérql accoerdagges\yllﬂptlﬂg Eolﬂ%\%tn,lg 96rzlctlso¥1 i Gla T
HS+7Zn0—-H,0+ZnS ()
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.

1

w

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 if Véporizes and supplies more water for the

30 water gas shift reaction of process step B (discussed below). The water vapor and
other effluent siream components are mixed by being passed through a processing

core of inert materiais such as ceramic beads or other similar materials that effectively

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



15 210b, and enpl oys zinc oxide (ZnO as a hydrogen
sul fi de absorbent. One of the nmain inpurities of the
hydrocarbon streamis sulfur, which is converted by
the autothermal reformng step A to hydrogen sulfide.
The processing core used in process step C preferably
i ncl udes zinc oxide and/or other material capabl e of
absorbi ng and converting hydrogen sul fide, and nay

i nclude a support (e.g., nmonolith, 20 extrudate,

pel | et etg@h@ Desul phurization is acconpljshed, b

c AV RS Islrr?fbw thi{Gedy @eélw miging FiER|eAnde reppsitoped tg provide better

aGEiRnd YTGR: WhdAt %ﬁe' infiBd I0DVbNGtibR 36h IP (ideRisdlibdlowh] 1 This
H2S+ZnO *H20 +Zn I[11) The_ reaction is ﬁPeferany

cé?qﬂmfé%ﬂmemﬂsafongoléeékps&eépmaeﬁemﬁ B BHER-C t o

about 500 C, and nore preferably fron1about 375 Cto
about 425 C. 25 Still referring to FIG §#
S ef | uehiooest FEpnPRERmed BringEifs siage 240, § W"Wﬁﬁf fgactipn

pendt 0611VeiE dafboi Bk Rle (\REbof BIEYAS in abddrdéhte Kiith WtingTa IV:
received froma mater ubsystem (not shown) is

optlongﬁ?ycghﬁ gas stream The addition of

WaLHR lcohdeMyE:iSn bm:boﬁ m@ﬁ@ $hb@d gfeferuim Ifeelaﬁéraﬂfo B ek ath
ori.zes_and supplies gg r t he 30

{
W%F e [plpcatedihy fgel pells ymesy geloys e@ﬂ%%ﬁw? s i
10 befle&w)n cah ke \WRES K téi?ﬂ:g‘fmrm frot TP c&B feboran epshdi®adn the
y

n@@_ents are m xe bei ng_ passed through a
preaelEidisHly Undesachponditiens meshpfdhg carben gigeayidgdn e gamsiream
bﬁ@@&w&&ﬂ@ﬁﬂﬁiﬂ&ith@&mﬁaﬁﬁﬁéﬁh&dﬁ&ﬁmﬁﬁ&@Q&kyﬁhﬂmmﬂ%X

and/ or_assist in the vaporization of the water.

Al certFilad bY/ B contrel systemyiefithe RIpsspt MYSEHOR- g can be

i ntroduced with feed, and the m xing step can be
rep03|t|oned to prOV|de better_ mxing of the OX|dant

15 gas i nReHEnEesaP K% bArosteed pafwrea i e sERs 21085 s

t erHaslinkistép EPloSes T BBt R bBfbriivre bitee £0 mera@ll to §ﬁ6&ﬁo@f€ﬁ1
of the present invention, s Process step

i reffysat Wﬂ f i Rgerablysin sho yanes of dgw aéwrtf%) fJeta é‘P‘i’“én
t h@be EOMUGEeh FrofPnA Ny '(ﬁ’cﬁ sﬁdm @Q%%&Qd% kﬁ%&acess in

accordance with formula I'V.

THtep &o Fbeenyeatis mmed@atmmcmmmr@@sgmﬁlddscpb@f@loafb| y
0 DE lowered to a level that can be tolerated by fue

cells, typlcall bel ow 50 ppm Generally, t he wat er

gas shPipgess sigp r%aﬁ@tffpr@wﬂ dia thet prRiBrepieh esidaitontstagp el 08, Us 8

Ofoxidb@R step Ohefeid SmbR At Gr B RERARY cAdn lRoxide in the effluent

" stréam 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 undesire&
 oxidation of hydrogen (formuta VI) as follows:
CO + %0, ~ CO; (V)
H; +¥20; — H,0 (VD :
The preferential oxidation of carbon monoxide is favored by low temperatures. 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

-9-



catal yst used. Under such conditions, nost of the
carbon nonoxide in the gas stream is converted in
this step. This tenperature and concentration are nore
paranmeters controlled by the control systemof the
present invention. is Returning again to MG 4,
process step F, perforned in the inert stage 210d, is
“a-'cooling step. Process step F reduces the tenperature
of the gas streamto produce an effluent having a
ngerature oreferablé in the range of from about 90 C
d 8beirocesster & redycpsibn cabosineanaxide levd imrrpistablnlesh Ben 50
S hpMOWhikiSis 8 kaavRddedot e hitk Higcess in step F. The
oxygen is consumed by the reactions of process step G
descri bed below. 20 Process step G perforned in the

pr ef er e drlenONis Al lho Tt §R0R1R% bt Gl Bbiifing

step wherein alnost all of the remai'ning car

s o giexide apdh ather equptiivents ‘gftlffheem be pregnal ach g wagpr, inert
- CabRpdhekth @% dﬁtrog-gﬂea.r@ﬁl Q%hlrlﬂ(dfoﬁarﬁcﬁr Lib. & Ghedlide gantaJP Be

presence a cat al or the oxidation of carbon
noYshas die, feedyfor ﬁé&kﬁqﬂéﬁ@rd&% penligatigpsowkessa byiregep Folfeed
1 heeles |d6§1@d_ ORhfkRbiP Brodhict %%rﬂ%%eﬂé@ﬁt% it ﬁmﬁ&%&@éisﬂig

and the undesired_ oxjdation of hydrogen (fornula VI)

a S, i femovsdhecprbon gioxidgiypter qppothefgompoentsy - H2O (V)
w The preferential oxidation of carbon nonoxide is

favored by | ow tenperatures. Since 30 both reactions

pr oducBPthdst epch qiele Preceat Fartt A geBuissaibedofiord Agrisywithin
| Rpdcide teﬁlpﬁﬁﬂkd Iﬁl%] os. ETIR PRddtse &Hl?&atﬁl%s f thDiahdel Gre ROH thaterial
e

di sposed wth process he operating
t &b RreGHice OBFhep%@Jé'g% iladesq, dhe, pajpyp ang @aier iof thengens ¢ e
Oﬁmﬁléxﬁéﬁtafﬁbﬁ) bieciB dépehdingdiofedd 109 111})5@3.&@{116%&%‘&5 Sife8R 163

duces th carbo npnoxi de | evel preferably |ess
B t T S a?fg Ui iR ﬁhEPQCI?JF?W“geq %%IWI‘FR?W“’LE%@“&% will

f we lirieg by Supldi@tagbd dpeaid dedi@Bcditdridg t he fuel
processor is a hydrogen rich gas containing 5 carbon

di oxi de and other constituents which may be present
such aEetMﬂihg ow ld E’IG 2 SRNGIGN SIS cddnbsubsyRichl WY& used to

argpnég ﬁ@ldual é%{o arbon, etc. Product gas may.be.
SV s TPRREFITER (OLhE pRopest e Aot PVt iy may be in 2
20 agfvkih erflicdBGt. VIRRE ef e bryghs gRN- 7106 iy chb@ediby SickRaiebfanch

d ?I?% &2@%% h’g naly ﬁugs],yg dcrg CltOZ g aﬁlﬁ tez}/lpc?fmrg %Qrgsoro cEf each

-temperature control unit 228a — 228d senses the temperatore 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
o opens the respective actuator 230a — 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 unit 228a — 228d closes the

30  respective actuator 230a — 2304 to decrease the flow of coolant 110 therethrough.

As the temperature control units 228a - 228d confrol the temperature within
their respective stages 210b — 210e, the coolant 110 is circulated through the cooler
-10- ' '




exanple, to renove the carbon dioxide, water or other
conponents. 1o Note that each of the process steps A -

-G-descri bed above occurs within specified tenperature

ranges. The precise tenperatures in the ranges are not
material to the practice of the invention. |ndeed,

. the nature and order of the steps are inplenentation
- specific depending on feed 104 input and the product

10

15

gas stream 108 15 for a given application. Thus, the
preci se tenperatures in the tenperature ranges will

b&0G rFhg dent Bxchanpsd Eppiieatize?18pedilfs i dyargddn the atmosphere.
CROHaE Adstbed aH3ed, Uhib i o dR¥ste@ b%; ke fard 388 Blofi2 airdiorobs tRe

cool ant subsystem 102 is used hel p achi eve the
t Beppexchangsie 304 oBlowig thy Yk acgess Shedysdt exchangers Y plse\perpoves

t hQied 3R YroR&hd dabxﬁet 129 to%é’&&n%f@% ARt 11 Ea0hs, Ue hibfor of

stages 210b-210e is cooled by a respective branch 226a

- thy zéan%fl 13 ﬁéo‘a,l@fbwathf caplah OPEIFRIG2 contrals the frweraiuss af

S B pResSiteRiA ERENhe SigEPEIRL YI®,. control unit 228a -
228d senses the tenperature within its respective

stage 210b - 210e. If the tenperature within the

I eSpechsivi bs h@%a?eh@,? thoseZh AR arBRPhS B BERAPES 1HiX eﬁﬁ@bsare
t he upper bound of e desjired tenperature range for

t el mrecepsas HOAR FG- Hhvdlcheeadditiepal sompoagents p shovey dtsyspowld

t ABP 8¢ appréchiteRO el REl pHBdeksor 2@:aca.n W28@d i RSRsety e different
reiggctlve act uat or_ 230a to increase t-he fl ow

ofontests| e if@“"e?tl‘}@]fye‘ll}‘ﬁﬁé%h ﬁwi felk praver @faplor ;i vghich the
WhioBdssbr ir&dGtof @@Rﬁ)@%\p@dﬁ&e@% 19d8fen-ga? SRBMADP LORFRES fueD!

eeds.the |lo bound of the desired tenperature
aqi'g@ eP‘i’]‘%ef\i\’gé‘bEQf’tlﬁ %Qmﬁs@@ésgo%efa taLe @3 opgition of
ltr ﬁﬁpﬁsaemmaza{m eﬁaaﬁleutr@u tcsomsrg g{(t)erﬂﬂﬁbﬂzdgng e fuek gx%dasgdr Qtﬁfﬁs

e ec ve_ acC at or a - ecre e
¢ PR e B otk by B ehRg dgh. Tl}ssﬁlgwsl?égmé’f
C@'ﬁkﬁloﬂ‘olﬁﬁlﬂr ecdd§R Fucl 28U (‘ff@frt:rp bilsd h&@ovheﬁﬁmro@b%@hange

 Chsibine b o GRRGE L, Bavont GlighTbRet S5bpals mabjbs vstds.

20

25

30

Tiete A tnoe 41t iR toif the faviciidn Sdré gﬁﬁtecﬂ () kﬁpphcﬁ:ibﬂein IsGch an

dunped .to th t phere scr above,
BSfed beeaipt EReoB) PR Raliaes o8 <BPIRTIg 2pver o
aﬂmﬁsﬁﬁhﬁ@nmheat exchangers 304. B|OMAng the air
across the heat exchangers 304 al so renbves heated
air fromthe cabinet 112 to the exterior of the
cabi ndi tHel 2mbddident illidrate@ iR IFIQN Hfths fidd provaizbnadld hioze

Lgﬁﬁ%ﬂo | eSC(FII?l?ElS%PS%VG%E? Oalﬂgr p?l}’SlC&YSULSeY[STgeI]ﬁQ%EI% nt rol's the

the processor reactor 106, which is an autothermal reformer (“ATR”),
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 anoﬂe tailgas oxidizer (FATO”) in the
iflustrated embodiment, that preheats water, fuel, and air to create a
fuel mixtire deliversd as the feed 104 to the processor reactor 106;

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-



the process steps A - F in the stages 210a-210e. As

w || be appreciated by those in the art having the
benefit of this disclosure, fuel processor 100 in
FIG1 wll have additional conmponents not shown. As
should 10 al so 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

t he hydrogen gas stream 108 to power a fuel cell 502.
The power 8 subaipiensS 18 thatidgliversrates & thp S 206 fypixing

i.e., the Qﬂ@ﬁé&k@@mgﬁmw£&ﬁ£ﬁﬁbﬂﬁ%&ﬁ%ﬁmﬁpﬁmand the
fuel cell 504 are interdependent. The fuel rocessor

102 i s and 2 giépubsytam H34thatdelivsestarr to g AP 200 Tar mixBIEvale

112. The fuglfQ@bh idibed & thY p%c@srsél%a)éto?lod ¥ii cal
Polyner El ectrol yte Fuel Cell (PEFC'), also known_ as

Pr ot on’ Excﬁéfﬂ‘g‘?,ﬂt SWBBYRSEIR IR, ihghepntiols| tmgerabpggrithe operation of

However, ﬂibeﬂimteééaeréacgt16@4&&5&1&@%}&&%@8% Not e
t hat not al | aggcts of the invention are limted to

appe PesTiplEt 109 alsadgsludes the epobrgfsysie S Hothecoprolnthe o

S Qthe PHRA Yl BEID B MRNo1D COR TRk O¥eled BY the &ﬁtﬁﬁrsrd@én@m is 1%9
that is not integrated. In the enbodi nent | ustrat ed

i femmegire coptrpd ffnu die perse 9 dhe POGCSHEr BactRraleq dpugh) e

10 CQ&fﬁ}Jeka%ﬁ@co%ﬁM%ﬁ\J 208dpgal asbsheadboveUbSyst ens, nanel y:

t he processor reactor 106, which is an autotherwa
reformer ("ATR'),. 25 that perforns an

OXI dat D pdr@MIe tMindhAAGH mrbftﬂ{baiommfswtaﬂ@ 58, fikke khownaat
rocessor 100 into a 108 for the fue

t he fuel
oI goibaalen iy B G 58 BTG Qfpts Gotel i FEbo P tao
0Xbitiol ystefn’ ﬁéﬁ@e)unbﬁm&ﬂi&l onl d doetiplitirdtsGsient H@ﬁ’ﬂisﬁi@ Atmmb &

reheat s ter, fuel and air to create fue

miCQEPHIES AT g% theqcantrol Resteme gl wedh o Whird 15%&@%%06 some

I Qlegigrafed 110Gt o8 Qh@oﬁmbn DBy FieP Micebifor 10DAt HdGkiey,eiSthan
inthe illustrated

in na urm
e ‘Ha‘i‘ti‘fgﬁ?‘)”&ﬂ?“ BipHing appass SPL PO genere 8f theduel
f @aﬂess&%o dﬁérhﬁbﬁrnﬁﬁudi& ﬂntiﬁalrtbmsm colPABAOHpAEIas 60blis a

KRR P ot ek ornutiin o g ooy e‘&?‘*ﬁ%%ﬁg"’o"t

20 Prof @B Sitdn ﬁx@&ﬁieﬁtﬁhcﬁ@ & nol fafktifl t6 lﬂ{eqyﬁohemma jovbitdh. The

25

0

d%!)ﬁl\alu §’ agllna{ { oﬁOE)hIan -l:eolm%?emen & as’ a)éeslljc%p personal computer, a

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

The computing apparatus 600 illustrated in FIG. 6A and FIG. 6B includes a
processor 605 communicating with storage 610 over a bus system 615. The storage
610 may include a hard disk and/or random access memory (“RAM”) and/or
removable storage such as a floppy magnetic disk 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

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 /O
devices such as a key pad or keyboard 650, a mouse 655, or a joystick 660. The
processor 605 runs under the conirol of the operating system 630, which may be

-12 -



the feed 104 delivered to the processor reactor 106;
and 5 a cool ant subsystem 102, that controls
tenperatures in the operation of the processor
reactor 106 in a manner descri bed above. The power

pl ant 500 al so includes the control system 514 that
controls the operation of the power plant 500 as a
whol e. One task executed by the control system514 is
the tenperature control for the process of the
processor reactor 106 through the 10 tenperature

c oMfEsHgtLly Y pRerasing systemiman togbe &b heioBRlisaian 6 s ieyoked by
Patht | dpbilafid isﬂ&ﬁnﬁ"@ﬂ‘t b Rw&OQp,Ofestth @ r t &Mthe
514, ‘%i rst shown | n_@FI %B > 1's | |1u§??“§t’e%b?nﬁﬂl |G BA
antppiementai of fiseperytingsystemp3lome enbodi nents, t he
control system may be inplenented on a conputing

systen1conprLsig% a number of .is conmputers such as the
5cont r PR 8eEpRsE Ae deiiler doperipfions herq are gpseQypnily grgsented

demi iRt d oaeat iRblehbifeddReded! infdlvial siriRdLb Y&kesentations of
processor 100. However, in the illustrated

entPSUIORS AR 94t Bt B 2 RGOS fh P SOTRUIBBOS YRR LY G rgpiing

- asqueiet.STiRke dda@iplibk@land RPR&BEEA: ke MRAE ddel BF tHOSS inaRdey
manual control . Thﬁgégpputln .apparatus 600 i s
r Al Ty opRIeyY StRpg obBeir Weik to giiere galiqdidn theprt. The

10 € N6 MRA bsratlon e@@ik pHyktS masipdaitons Of ;ﬁfysi@dll YuAkNRn Usuallﬁ,
|m5é%gentat|ons ig not materital to the practice of, the
in i19h ReeppRaniiy @ﬁiﬁﬁ%eﬁﬁﬁﬁﬁ% tremafoelepiipaly gnagnetic, or
| naphieresiiral patie d)iigiéiug pstdi&l_l,' StenSbrré) NRmbREd, @mpared, and
wor kst ation, .a nhao ook or | aptop conputer,. ar
e tlcmansuael ot B groven st R ERg: rasons of
a pqdiitdh usagl, Q0 rdfdrkdihitst sk dsits; vinesOleradith, HintbolsGdBaracters,

i ncludes _a 25 processor 605 conmunicating wth

5
5 ot GPEgBIRYS BEKE bus system 615. The storage 610

may include a hard di sk and/ or random access nenory
" RAM' n r, reno e stora uch as a flo
monot BRI RS b A R o oo g ey 98 shepls RRRare to
stier ageiatlOwils te r@ﬁdﬁﬁte\/\pﬁyﬁcﬁ @&ﬁtﬁf tafid) @ieUl(fjl&elg Zbnvenient
staring t ata set_ acquire i scussed above, an
o Harl Rl o SRt ik et e e a g i
20 arepBlen thlohghat thpedtht. dis'ﬁhﬁlrg smT iiers&g;figm:xefes fblfthe/\aﬁten and
635, 1n n ction .w a di a I enents, a
b AR e g R R e
pqﬁM@hﬁ&ﬁk&hﬁhxﬁgnﬁmﬁﬁoﬂMQDq&&fﬁgﬁ%M@??ﬂmﬂﬂaﬁﬁMbGamﬁ%
65 a.nouse 5. .0r. a joystic . . racessor
oot il R s RS piniealswphiton §E) B e,

630, in wWhihekissivayorbdisplayld®vices, Exemplary of the terms denoting such a

»” (24

25 description are, without limitation, the ferms “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.stora_ge medium may be magnetic {e.g., a floppy
disk or a hard drive) or optical (e.g., a compact disk read only memory, or “CD
ROM?”), and may be read only or random access. Similarly, the transmission medium

may be twisted wire pairs, coaxial cable, optical fiber, or some other suitable
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practically any operating systemknown to the art. The
application 665 is invoked by the operating system
630 upon power up, reset, or both, depending on the

i npl enentation of the operating system 630. s Sone
portions of the detailed descriptions herein are
consequently presented in terns of a software

i mpl ement ed process involving synbolic representations
of operations on data bits within a nenory in a
conmputing systemor a conputing _device, These

d deRHRiF R aREivgEopa Y e wht e ipyratioy is netrlianied By, thessaanects y
th@&%qhﬂm%ﬁ?mﬁ&hmuio nost effectively convey the

subst ance their work to others skilled in the art.
The 10 process and operation require physical :
nMani pufRd.| @rgsapﬁlfca@hmyﬁ&k 2%y %?f%tfohﬁsmteHﬁééabét\yean thbaugh

not necessarl t hese quantl i es take f or m of
e | PP H) mﬁé‘&nﬁéfhceﬂ S50 fushshepn dn FiG.gh alNete dbab Hhe| iaterdice.

bahdlgics s MaBekohdnf @706 ﬁfdh?ﬂwhi@@ BRIRE A0 &R IR 8t i the
ot herwi se nmani pul at ed t has proven convenlent at

t jqplant sybsypiEp d&ﬁ Thedpeat, @xelagag isofonffe%%ﬁfp adempergiure

r ebgtol Lflt YdRaRA ﬂﬁbtﬂé‘sﬁthesﬂcﬁ'ﬁoﬂ}hé Soolaviel 10 Q&ou@'tﬁ‘dﬁ%ﬁﬂ éxchanger
,Pgols characters is ternms, nunbers, or the |iKke,
It

FrsRAnsive e thriensed fermperatiey of Hiswachat 108, (The texperatgre copesd o

angitSPiid alko b@kBBedtyetht QontidE sAEROS105OHe Winkd'mbid@r as the
ap roorlatetfhy5|cal quantities and are nerel

o GHRRBHNEE, ConoL BN 2288 1 280 1 BB B cheat SHARTIERE 00 o) Be s

S pefpekdn@atdnitosind 76ZlcoRiprisy, hahiMp S8R ehBYdiként2Gortion of the
rent, thrfgghout the present disclosure, these

dé@@ﬂ# WF%W@’ fer to the action and processes of an
electronlc devi ce, that mani pul ates and transforns

data represen si.cal | ectronic, netl
or opti %\?‘ﬁ““’laéfﬁﬂ’(e%ﬁﬂ%@%c PHOR- %T‘F‘B’Hﬁ" g digrlesed o
s taemgeel illistrative bl as datisvestiofindag bt Modi€ed zﬁﬁ@fh&@ﬁd afdifferent
ica uantltles W t )
PP st potasstia dirde, il 5 Be oo tgioopgg of the
lteéaﬂmngieﬁﬂémn%Fﬁtﬁﬁhn@e 2 dﬁﬁtﬁﬁdnptdr@ Mntékded toi thé Qidtails of
|n1 tion, the ter roc SSIn
beliaf o 5585 st o oo oo T
| Iﬂkeeaforbl@trléena Eaotht baticuld emsﬁﬁrhm cﬁsdld?im mmmeﬁlbcaa&&ﬁtes
of t i nyention are typical epcoded on s
gt bt STy Riut R e detet T RE ST /B0 Bl e
t yypentivh. ASctoidinglys the Ipdtarionrewishinherel & Br 20 fodinis e dgms
qeunmnaybe magnetic (e.g, a floppy disk or a hard
ri

8) or opt|cal (e.g., a conpact disk read only
wenory, or "CD ROM'), and may be read only or random

‘access. Simlarly, the transm ssion medi um
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may be tw sted wire pairs, coaxial cable, optical
fiber, or some other suitable 13 transm ssion nedi um
known to the art. The invention is not limted by
these aspects of any given inplenentation. FIG 7
graphically illustrates the operational interface

tween the fuel 5 processor 100 and the fuel cell
wHATHLE

3.

MMEDshown in FIG 5. Note that the interface.
i ncl udes a heat exchanger 700 through which cool ant
110 may be circul ated fromthe cool ant subsystem 102.
Théuehpratesssre bampyesings control | ed through a tenperature
unif 702 that throttles the fl ow of the
%g)gﬁg%%ori%ﬁ{of’hrough t he heat exchanger 700 responsive

tadedde thempesséreoeirdindr € of the stream 108. The
re control 1o unit 702 is also controlled by

t enper at ] i
tarfé’oﬁiahﬂ%éﬁt% Sensts; fnem the ferd andrapshie pbeircaiating @ coolant through
&@@gg@g&r]{g&c&;}ptrol units 228a - 228d. Thus, ‘the heat
exchanger 700 and the tenperature control unit 702
conprise, in this particular enbodi nent, a portion of

system 102 15 Thi s concl udes the
08 £ BB be SRS, VRera s octihoR eseRb AR AL dst
di St cegd caphtdy efakeeiving UBE rfaéd ved Yt¥rmiag dnhButothermal reaction
i.nvention may be nodified and practiced in different

B ®qui val ent manners apparent to those skilled in
hhecaltstd3a Chptbld HereRGRRE il ' |

Furt hersr#D%ré e,&%o [ %peﬁgt%onesﬁg? ggﬁnt%léﬁ egﬂaggg?fﬂ%&%lvmg the sulfur
#erefrdns of construction or design herein shown, other

i b in.the clai below. Lt is 2 .
PP PR CERG s encabd FsctoB PBcie AFomis abfpeorming o firs
dhisiatmsied tiabane nay be altered or nodified and all
sych vari ati qs re consjdered within the scope and
&3?% stage ‘iaﬂgo S Pﬁ(ﬁéﬁf%ﬁhe fced dromn thethird stage and pedfermipg a second

SHAABictBR iRk ddnl snps set forth in the clainms bel ow
-14 WHAT IS CLAIMED: 1 A fuel processor, conprising:

& it stags capade of oeseiding dbel fewl fiom fheofoesh ostageeant preferentially
%qi%%ﬂgkégﬁegy%%ayst em separate fromthe feed and :
0 u

capa circul"ating a cool ant through

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

air, and water mixture.

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.
The fuel processor of claim 4, wherein the cooler comprises:

a heat exchanger; and

-an air blower capable of cooling the heat exchanger.
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the processor reactor. 2. The fuel processor of claim
1, wherein the processor reactor includes at |least: a
first stage capable of receiving the feed and
perform ng an autothermal reaction thereon; a second
stage capable of receiving the feed fromthe first
stage and renoving the sulfur therefrom a third
6. sflhgéet ppatsser difclaimdeivabrm thb eodlaedrfidreomphgssecond
st age ?ﬁg performng a first shift reaction thereon
2 PP ACL FRY 4 HE e of receiving the feed from the
t Bisécdns bR R vaAR afABlel FCHOING Be SREMNELat Sthidger €act i on
thereon; and a fifth stage capable of receiving the
feed fromthe fourth stage and preferentially
oxhdisgd r I The  f .pr.o r.of
T I ) okRe P CRN L o o oM B PR TSR b of water, o
glycokemoidyegdanfilgehql. air, and water mxture. 4. The fue
processor of claim1, wherein the cool ant subsystem
i ncl udes: a cool er capable of receiving cool ant
8.  ciThetuehproteskdr@Tclahf 4PHAGRHINE cdRf k10Fag B6mp@eLs AadHi NY
heat therefrom a cool ant storage capable of storing
cool ant received fromthe cooler; and a punp capabl e

9. Oﬁh@ﬁﬁp?ﬂgﬁkn%fékﬂﬁqgw@?&%ﬁgﬁﬁ#ﬁgthe process reactor.

5. The fuel processor “wherein the cooler

c anprifligescapatde hEbeating didngater, andidir and Kiedinp ltoamixture to the process
Cﬁﬁagi%aﬂ&: gpling the heat exchanger. 15 6. The fue
processor of ¢laimb5, wherein the cooler further

cofil suppb/ subsyseACoMNTotiaRl fedehaRGRIdizeaNd a second air
bl ower %%pableﬂgé cooliqg the second heat exchanger.
72 WRiTE sy atiep cepatlecf proydipg ater 10 thGREHEER t he cool ant
CRURF 5itRGstéh cafRBRIF PRV ifhg YR I the oRigit. YCO! ., an oi |,
and an a cohoﬁ% 8f)%he1fu F@proggssbr of claimé4,
wherei n the cool ant storage conprises a tank.
10.  The fuel processor of claim 1, further comprising a connection to the at least one external

USECr.

11. 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 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 the
feed.

13. The fuel processor of claim 12, wherein the oxidizer comprises an anode tailgas oxidizer.
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9. The fuel processor of claim1, further conprising:
an oxi di zer capable of heating fuel, water, and air
and feeding the m xture to the process reactor via
the feed; a fuel supply subsystem of providing fuel to
the oxidizer; a water subsystem capabl e of providing
water to the oxidizer; an air subsystem capabl e of
14. ey fugl pepeasser ©of dlaim dxivdiesdn thel @oolTesubsptern rfodberscomprises a
- i .S nnection .to e at
LSl oPlchpeline e IR 3 WopRaSRRLRS b Bl s
d tainpera@re sheoresensith thedampaatiotcost the 6@link ¢ addrtivntdfahe processor

and.an inlet.. through which the coolant may be
5?%%?5@39%@ ngcgﬂwe%?ggphlgplr&glgﬁmg;fgf The fuel processor

Qi a6fudiofbiddated HispRIveGO BRI sefdel SordfbraitileGh AR por@RAB frottle to flow
preheating fuel, water, and air to generate a process

fod eeplagt thrgpgh the Podiosed to the processor reactor
through the feed. 13. The fuel processor of claim12,
wherei n the oxidizer conprises an anode tail gas

15.  dxpevaelant, coiptidingThe fuel processor of claim 1,

\%{}ﬁ&ei net %e .Iclz‘i?o .ant subsystem further conprises a
oot AT OB EHB&r at ure control units, each

QIRRESRE IO SHoF@ing Wkbforhate] udi Ng: a tenperat ure
sensor sensing the tenperature of the coolant in a

gdrad tp thegmrogaswor seastossandr  reactor t hrough which the
GRRbAR subSysfint SHladhd s 0L¢ ARS8

anBR b Syeft fopafthe B AP Sl boB B CYr OREIFE Brcppiappthrouss
thepotdswr raacfor,omd of cool ant through the portion. 15.

A L RlLant . .copprising: a fuel. processor,

el S, Bovieref, by B dsformaiecedieralfdnby 49 Repoasshe Feiioatad; the fuel
prdcesdr.t o t he processor reactor; and a cool ant

subsystem separate fromthe feed and capabl e of

circulating a coolant through the processor reactor;

16. t@!hlg pBwiithnt 68 L hinP ?ﬁ}%g?iﬁ t\‘fl’ﬁt ?clj:éﬁ%fr LATRY: $r BRI LALGS DY

processor reac processor.
a first stage capable of receiving the feed and performing an autothermal reaction

thereon;
a second sfage 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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16. The power plant of claim15, wherein the processor
reactor includes at least: a first stage capabl e of
receiving the feed and perform ng an aut ot her mal
reaction thereon; a second stage capabl e of receiving
the feed fromthe first stage and renoving the sul fur
therefro i.rd st receiving the feed

13 nk@a%%g_ %ge_capable of )
- f PSTRYTRE PEBt Rt by @hssvin he Focdmtisplpyater ipdudess i f ¢
r£agblep rbaPEEﬁé eON recRiviH chBlast @9@%&%&; ??J)ﬁ e fn%%@és&log ctor and

the feed fromthe third stage an ormng a sec
strchangineshent Barefiasy eon; and a fifth stage capable of

Vi d f the fourth
SPGB Sh e BB0he o 1,
popuenp gHpabie of bbbk thel SorelVber @it fo {HRQré®arebdort he

processor reactor conveys a fuel, air, and water
m xture. 17 18. The power plant of claim 15, wherein

19.  UhR 1wRek ARkt SIS WhERE HESlcrofiRpkas capabl e of

recei ving cool ant circulated fromthe processor
raclaget oychenggr; aaichangi ng heat therefrom a cool ant

Stk ' cool ant received fromthe
c00 Ig?fswglﬁcgﬁma{g Bﬁﬂt”n'ﬁ’%égéﬂgb gt e%&%ﬁﬁ)l?yncgmtvﬁc %t or ed
coolant to the process reactor. 19. The power plant of

aim 15, wherei.n the cooler conprises: a heat
20. gb@@&??@é?’?ﬂ‘a#df%ﬂ 19 Wheperihs coolgs Bither spmgHESi ng t he
h@@%mﬁmﬁﬁﬁaggﬁggﬁaﬁ@nvection. 20. The power plant of
claim 19, wherein the cooler further conprises: a

Seeernd dcklowescahahlg ef cooking the ssewdingataixchdyigoniey copagpdiohe
of cooling the second heat exchanger by convecti on.
21. The power plant of claim18, wherein the cool ant
21, COwppaveeplatt dfedsin 0§)ewlndreinahéekoolant @nysiks aBkagl dne of water, a

and.an al cqohqgl ., 22. The power plant of claim 18,
ghmﬂ%ﬂéWe?Hﬁ?Hgmgﬁblant storage conprises a tank. 23. The
power plant of claim15, further conprising:

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

USEer.

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 oxi di zer capable of preheating fuel, water, and air
and feeding the mxture to the process reactor via
the feed; a fuel supply subsystem of providing fuel to
t he oxidizer; a water subsystem capabl e of providing
water to the oxidizer; an air subsystem capabl e of
providing air to the oxidizer. 24. The power plant of

26. clrat povkér plrdiof Bigim ¢OMldr&h % Rok@NARSTstN filrDet &ﬁnlﬁtses a plurality
| east one external user. 25. The power plant of ‘claim

Ofﬁmﬁﬁ““%ﬁéwgﬁﬁUP%%G%ﬁﬁﬁE@FﬂBWf@@ﬁﬁkmg@@daﬁnéutIet and an
' Qlt%ﬁeéﬁf@wﬁomn‘gﬂ the t&%% %Ejt %}ﬁeb&)o L?ﬂ“ 35 Sfon 5P the fuel
cl édol an

ower plant ereln
spmswomcﬁlgh Mﬂu@h th@mmtlam escmukahug,alndt y of

ure trol t eac erat
u ni C%lla%cl W Hi%fln eﬂmpgﬁ?)*é’ tﬁ{: ‘2@ “?eﬁ’s ?150‘? 1HR [othrortlc to flow
tﬁﬂﬁﬁﬁﬁﬁﬂﬁﬁgﬂﬁhéﬁﬁﬂ§@0|ant in a portlon of the fue
processor through which the coolant is circulating;

and an actuator operated responsive to the sensed

27. 1 ?H@ﬁé@&%’l&m'(ﬁ ol 1BOGhERL 8 5@&9 rc%tésblglgfvl\%rs fabfﬁyr%é}ge#ectrolyte fuel.

cool ant t'hrough the portion.

cell. ¢l aim 15, wherein the fuel cell conprises a polyner
el ectrolyte fuel. <cell. 28. A nmethod for use in
processing a fuel for use in fuel processor,

28. Cﬁlmﬂh(ﬂi fa;guse ihg@ecticndnota fudblor u¥kihSiicl padtdsset, comipidibg:e t o
pr.oce r reactéaallél reformng the mxture in the

pf'eSQ‘é‘%? e 7 WHES gRd alb Kty 4p ?ﬁ@”?ﬁ*@r prefeessor react or
Wk rifin SO0 hdRtur SRR 3Fh&sidrdMcidieadseed m xture to

control the tenperature of the’ reformng. 29. The
neqohiag thsf pre¢essanremtor whidr segavlang bepamteafomtke feed mixtere to control the

Lﬁﬁ%gg§§60f?§§&8%gh§? an aut ot hermal reaction;

eani ng su the feed; perform ng at |east one
shift reaction fron1the cl eaned feed; and perform ng
29 ref g £|al ation_on th shifted feed. 30. The
- B Bathef Ot ridim,Ph s hergb R ies HgrEciYdese es s

r fRfdringMnt At & A9l RMiohNC! ude
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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33.

cooling the process reactor with at | east one of

water, a glycol, an oil, and an al cohol. 31. The

nmet hod of claim 28, wherein cooling the processor

reactor with the cool ant separate fromthe feed

m xture includes circulating the coolant through the
processqr reactor. 32. The nethod of claim 31, wherein
cPYRRInG e sipredroolagblodhe proressiRpstorhe processor react or

i ncl udes: exchanging heat fromthe cool ant circul ated
fromthe processor reactor; storing cool ed cool ant

r Beseinotbod ofeldind 91, puimpéin gxetneging hesidrame deanblahbinthdes cooling the

GOOIanPfagﬁ SRt eactor. 33. The nethod of claim31, wherein
ex

34.

35.

angl hoél' heat fromthe cool ant includes cooling the
cool ant by convection. 34. The nmethod of claim 28,
\Aﬂg eiag ((i:ool i.ng the processor reactor with the cool ant
i i mefled of deipsis, gvhersdn eqokins tha prpecse reacswmiiihdhe edolarancludes:

. ' I .
PR BSEARLf O I e Ry o o ot

tavcolaigls; ande portion of the processor responsive to the

. 35 Th t hod. of i m 28, .
R A R A N———
aefsed eetbratade. user. 20

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

“external user.
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