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R6 and R7 are independently selected from hydroxyl,
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from ni trogen, oxygen and sul phur and which is
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are attached forma 4-7 nmenbered ring; uis 0, 1 or 2;

R13 and R14 are independently selected from hydrogen

~ ~A N o A . a




ring heteroatons selected fromnitrogen, oxygen and
sul phur", unl ess otherw se specified contains 4-14
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di al kyl car banoyl and
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Sone compounds of the fornula (1) may have chiral
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P"ﬂ% 48byC.aL 'SY)b(tJX 10WRE, BYMEHvikhiehadiEeat éhergy from

st ny ahﬂ 1P‘Lvtlaut((:)ms o]f'r?s of }tnhe co%b&ounds of the &
tiecmott afffdas stheah, ﬁmsma;elstyl ofl th HSD energlyi dsirtiest ip the stream goes fo

activit S0 to d that cert ai

R disthabierciit el PP A mar oo Rant bt Splstf L e guode oft

%ﬂéfeaﬁﬁs Méb%ﬁﬁﬂ@ih%qleﬁpﬂiﬁfe? el RSwatérQ lnleXAHHp Ivxﬁ'%aater is pressunsed it
ated forms. It is to be understood that th

cammllyt gameradlycombertsb sp 46 (1089 Hhewdhy mroeei nownally, SQNﬁﬁ%gh At these

ossess 1l bHSDI bi t t t
psBeR T tDeop AEh R Bt FHORrE. Bt DAL QO STRASE cnerey

s&ﬁ&é%’ @fféc%%ely'f@ecﬁﬂﬁmaéﬂe@'y%%k %Ro SNPRE] CBINdysRAE \Aﬂﬁ@l\/ils degdhigher
armaceutically-acceptabl e salts of conmpounds of
tdmpemtmec thiy thivwew beatpdneatal; thust e dwalempy bggaportes fortle thermal

W RlsPhaar Voo aHete 1 BhseereblatafeRl i At
group and the other positions are nunbered

R%ﬁﬁ)@[r% R Ile}fent Iﬁ%ﬁtt én"éfgy%d\ﬂ?é SRS e d akdr FRINE (1 WS o B s stream

valles may be used where appropriate
vyt atff@nyzhﬁ)fherrhd @féﬁlenc)t phfie, fuel edlhaystam.e Hbstiorentesording to an

a%%%%f% ?1‘%6%"1?& eagﬁlgFg%{,seeg ?IIrD &ejl ﬁrggltg%é : \?'.]hf%}e b% Fge%&rb%%eq}zf the heat
efy g% trafBrdebromhe bedde IR Bad 15y ﬁﬁﬁﬂ@g @Bat oEbhadgt klement, before

al kanoyl or R15 and Rl together with the nitrogen
1Ta1te@<rhes ) qmd@met h@y cxohangart Beih BaetroopTe atausTerrR o e d eachlng the

Sahurat

Ly 18908, B e AL B o v

oadof qx&lbwaf ‘ceyﬂﬁati’mﬁl ﬂ«ﬂdﬂ Weds éﬁeﬂngﬂtmﬂiel@bl(@ﬂ&&ickysmwm, such as
heny| , phenyl C 1- , heter

th e pisarigadcrasdhp ;ﬂwd i e ser Ply o iipinyegases gpd s ppde off-gas

1& 3 AP OREYnSY Q)?EIJ gé nggﬁ‘[ rlay Be Q@ase?tosghl?,%htt &48R4rer. Thus, in
éeﬁenden y sel ect rom hydsfr oxy, hal©®, oxo, cyano,

atspecftd umrsqrmmbyel_toaian’sﬁlr lsqm of e SaddeydiGED ﬂlerr(mme@mmrthe fuel

cécixs@ck 139@111?1%@? atzl}gn!é &Jgfolgg }(:%enlt% N%%g %@1 stack on the

laenal.! v substltut ed by 1, 2 or 3 substituents
n ependently sel ected from hydroxyl, halo and cyano;
and R5 and R5 are independently selected from hydrogen
Ansbri® af thylthaptal emmgjf 6 rembged frometie byode, off-gay st@am by the further

substlt nts i ndependent| seI from hydr
lirD-ts] PO b et s o R P may be an air
RS RSN ethidbel gt Qhé Eﬁgﬁﬂd %faétﬁhéﬂhl \f«é’mﬁﬁrﬁehﬁyoiathe heat exchange

attached forma 4- nbered saturated ring)]. In one
Gisrpadt W@lqhsmayéqeng g@s @cm@ter cqpdenses hegy exch@pge;, -which the anode

erei;n R15 is en I
SRS FivRieh gariy B o 2o Hoalbncipaeth SA0RY todtbed. This
hReYIIaK e REdadned: fr&{slﬂér?ﬂLﬂd zlraﬁnmﬁmd aaatammatued héat mgmsfer fluid
and Rl is Cl-6alk C2- 6al keny G2- 6al ky
wBny €3l mrgdpring fq@f@ﬂosg{ptpw @eqtng@ p@yqisnucg)agln;[n addition, the
I A yclaal
B by S SR (5rd G B R ol Y i rgduced, which
thapatdovde i{oeamré)f:ombaclbystanoptl onal | y substituted by
1, 2 or 3 substituents independently selected from
hydr oxy, hal o, oxo, cyano, trifluoronethyl,
Cl- 3al koxy, Cl-3alkylS(On- (wherein nis 0, 1, 2 or
3), RSCON(R5')-, (R5")(RS")NC(O-, RS OC(O- and
(R5")(R5")NSO2- (wherein R5 is Cl-3al kyl optionally
substltuted by 1 2 or 3 substltuents |ndependently

o o
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I n another aspect Rl is Cl-4alkyl optionally

substituted by 1, 2 or 3 substituents independently
waedososeds from Cl- 3al kyl, hydroxy, hal o, oxo, PYEHGB82007/004156

trifluoromethyl and Cl-3al koxy. |n another aspect Rl

Is Cl-4al kyl. In another asp ft Rl is propyl

optional Iy substituted by 1 of 2 substituents

[ ndependent ly selected from C1-3al kyl, hydroxy, hal o,

]_?2 a Pthe'ﬂi\;efn %&XL el rorial )hl%éind hinBRehd&ode and

aﬂeé? ano er aspect
@Hﬁﬂhﬁ'dﬂg%b KVHle bmﬁabﬂt}&hl qutpmbbumenbé@getsy A, seRowgt h@at exchange

%%Bg&tl Fégligr%togg%%ge pqea£ %q%la et § tglgfasr %Tpg}éﬁc&eglxé] ﬁspects of the
1?198&!3)% ?Jrrrlék% ﬁ@%f%héjsamégﬁéeﬁ%fansfef‘ fRPANBIe anode off-gas

aspect” oaryl C 1-3al kyl optionally
mmkiertset h«tae dxcmange elgment. 3Tlsuliret irensdert fnid m@elpieaw@l oasseq through the

FoPids OHLsERy Pt et Elopisnd Betore SRk dprongh g soggnd (ummer
dn@ gagtlﬁm%ﬂ eleled@ddtyWhich M ApeEts eftmiiﬁ%ﬂhoﬁls teSerred to as a fuel
phényl optionally substituted by 1, 2
callolstat reromery Heatiopbeuigns $o thebfhecanede pf%aasw@h@ag@s heat with heat

%%g?ﬁgéﬁlxtgg%fé%atﬂﬁet ;' Ll i: ﬁ f}}ﬁfﬁq% ﬁé(%en(ﬁfﬁgte rgllglztﬁé ?{Qféﬁl Reat recovery

hel ekepmgtr. OWhisomay by enbstial whed iy ahod@ oﬁﬂ‘-ga’i contams a greater
substituents independently selected from hydroxy,

prapertionef siegmmad watsrrvianedh e PusisHoE1228a] koxy. | n
anot her aspect Rl is heteroaryl. |In another aspect

ég&ﬁ‘ﬁ g?thggepégt{ é’ %:@neg P{ocg)?lo enﬁgst W, Ja@o&lﬁlﬁ%ﬁl tﬁé( lano&é‘ off-gas,

HRAY e inASRLC bendRB ﬂr&nhafcfbhqgmg tol fbcamt fer sraslbem’iqunRE)f energy
is nmethyl. In another aspect, R3 is ethyl. In_ on
éﬁsp@l@‘ted vRih the eashaslel offeAs Siter aepeET WBe Somparpr) Wi that available
RESS ' & WapBfir ik the cathod
ARl B o O R N BRRE s Byt b e cton
bft- gaﬁﬁugstnﬁﬁ be I@ondaen?.mhad RAhetedorethe hetthepoﬁﬁgas GRiting rhhe fuel cell

one as ect R%@.ﬁlpeg tug%qfo%)&at%gyeg@ %:ﬁk%@fxﬁcnge@i%efs not need
%} 9@ otvn@d ih %cﬁ{d&pendgﬁlﬁf&ﬁl stRedd thtfﬁQ &M ahd tBe Blirner. The

stituents In ntly selected fromR6 as

hzﬁhedm@ﬂﬁgusee;daﬁg tredrel defl ramsobeh&d ctm?p‘éy: to the bugnes canslctherg may be
from

195 E@,S]S %qg %_'%a)d(qﬂﬁ é)?g SB35 nf\F he hlgher tempergture 8athode off-

%Ekeféeﬂr’cgsth@ﬁﬁmgpﬁés%@iﬂ Yhafithfinktahigl Hiynel t&p&rature. This feature
Substituents i ndependently selected from RG, wherein

RBows tlienatagant desst foy thebwmpeth be Gwih yathews, peing hpajed nyhich means
f I
Hi S 1305 B B 2R3 CESRIES el oF e UERKEGp bo voct i

whibehinkehtd fABRS NCan Iryfoants. Qﬁqialrtycxﬁarbsbmbmaﬁdn oy alrdmwely low
wherein R6 is sel ected fronlhydrox , hal g and

ol WRROBTEOR{ER) hor esrangahegede R8s fpRer with 2
2 l er
SR AP A oG L) 1 S < v

Ismperatire3 s tHas finh Enteithcsmiionaéprared emit t};enne]ﬂsemmctﬁd im’uhR@)lrner off-
and wherein mis O,

£as sEeay can @ﬁ]oggzaﬂgptggqtk%ﬂldtt@qalggt ch](:i‘rrly@a} > %eu%il anRgrre{nsgement may
| t 1 1

e B i

hsr regoided aduking, ati mweMEo pipeotiah | of thalysformer ead/ey the upburnt fuel

3 subs |tuent entl.y .sel ect.eq.fro
\mggpg’tiage Ir# the 6110 e(r(jii ét%alﬁslieﬁseld %& 1v§6p$2th% s%cond heat
sel ected from C5- 7cyc|oalkyI(C}Q)n}
C7- 10bi cycl oal kyl (CH2) m and adamantyl (wherein the
cycl oal kyl, bicycloal kyl and tricycloal kyl rings are
optionally substituted by 1, 2 or 3 substituents
i ndependently selected fromR6) and wherein mis 0, 1
or 2. In one aspect, n1is 0 or 1 In another ‘aspect,
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(RO")(RO")NC(ON(RO"")-; RO is Ci-3alkyl optionally
substituted by Cl-4al koxy or carboxy; R9 , RO and R9

ware@sistependent | y sel ected from hydrogen and Bk’,"HGByO07/004156

optionally substituted by G -4al koxy or carboxy).

anot her aspect R6 is |ndepen%ently sel ect ed from
(R")(R9")NC(O - and (R9")(R™")N-; wherein RO and-R9
axchaBerBhE bo pRON@AARIIBEHe bieRRN B8] (RS PAESde 6R8 ghSbefore it is
|ndependently selected from (R9')(R 9")NC(O - and

prarey( RAD! a}iﬂwon@hb@aéueﬁcmganmameamrew d dysbvetanthe yfuel cell stack

en Cl 3al kyl optionally
?Pi)d%?%%q]t‘lé %a‘t%&&éydifg 0%1/(?0 %Boxy I n one aspect R6
is selected fromnethyl, trifluoronethyl, chloro,
fiah Gspddt @Bhe iﬁ%ﬁt@ﬁ/ ath@t)liﬁﬁé]y offigak fnﬁ%é"’ﬁﬁ@&i‘ﬂtrough another heat

net hanesul foh%/) et hanesul f onyl ,
étiﬁylrlg% plementrbaiore ikrrschss tbfmsmnd hﬁaétehﬁ)haaﬁﬁ wit, which may occur for

h?@)%ﬁ%ﬂ% Ebopagéﬁnn‘l@'tﬂe qtﬁ{) ﬁ'mas ghrgglghl\l-ﬁgﬁ{tgg &t E%{;cglamge element

befom Ilsasshmgxtythrdtrgh@heatﬁl@t Tigak é}kdh@ﬁgﬁm&hh!ﬁt. In anot her
aspect, R6 is optionally substituted phenyl, pyridyl
or pyrimdyl. In another aspect, R6 is optionally
| I -
TS hanve SEc A nrell orRilr ariplichls B HcCpitiied el exchane
slelreptse(ovhiichomak yliiwdeyonehad momenef fisst fhdi SHceﬁ@hhaztl exchdhge elements
n spect Xis -0, -S- or - )- wherein R12 is
ﬁ‘vﬁcﬁ?a@fw éctoref}ww &he @{t%sahﬁa&ﬁawangp PLEHRT AgBichimay be gas to
b8s); &Xd/or 18 ARGURE! ABREL! cl&mbst bé}ﬁr%ﬁlat)e burdd¥ %' the Ig\%{énd heat
I's"as herei nabove defined. In another aspect |s -
m)hangWQment) cRibe bajartppd ltcpgzhncvelgmod tirermel trmsfﬁeﬁon)(thesanode off-
n .one _aspect Y. is.a clo
e PR RS IRATE i il fntEnsiBor elasiotiy 45 b and so
SEHi SR oA AP Hc8VdRY RPthd heht s@nld’dnf}&ahl%b@r oat oms
seI ected fromnitrogen, oxygen and sul phur, or
[(Rx)(Ry)]v- (wherein Rx and Ry are independently
Béf |recleimeing moterhyam dgfemff-@as(esbsnrtm syntenﬁb(a saitisulficient system can be

et her vvlth h car bon
1{0% c{eﬂ B tergfsrﬂ usa%%’ C]F@ g;ecelrveﬁ 3-}051?] gl}/evoai% gasﬁes) gan be used
th adeRimg prlodesd el QY fiRs Fiﬁfdr t8 dn$ry@infe3theChie] Ok Siu¥h a system
ring or a 5-7 nenbered sat ur at ed héterocyclic ring
Q91 ARESHALBY COnSHINAHOTS & twtﬁrat tvjaimoh ead ri-nipdl InrerRoteiloggtions, the

AR SARE RRE L b RTH Y N BT 2T

ring. In anot her aspect Yis ab-7 merrbered saturated

MetiBt aeyBivestidn B (dybids e R¥t BnfifedGo Qﬁfcb@@h@i’tﬁm the intermediate
cont ai ni ng 1 or 2 ring heteroatons selectéed from

Baie, opssejiga 4 /has Q) pfitire applicanmtt fuek cellsipelutologyi @s shown in

&%&égiﬁé’enﬁcy@é G Bt T rﬁ?%g e %ﬁae%?’hvfgrhﬁ%mpared with
hlfgh]tem?eraﬁlre 4ieﬂ§m52> &%WGWOOSF)/ Shd ARt Ind teén components

group may” opt i onal e interru
thatoare e}@os to- teriglD Yemperature fiids eam bR&ﬁad@frhxytdtc@gmtlc metals,

I t h I Yi f th
Mosfihizy Bl yiorel BROPE! Fostahs Hiesepyang 450 seabisigaesipn of lower
SfRkivaR6h bid B GoaaRcANd fﬁieiﬁ)ém 8elpd¥ndns. 1Suc% materifls include

or 5). In one aspect -X-Y- together represents a group
e ushoffsiriplgssasteslisempionents forgtha fel qatlrﬂueyont a@nd Hlee bi-polar plates,

ﬁ\éfﬂ%ﬁé ﬂﬁé ?f%:ﬁ%?d@ﬁ%l— i %eaéli %& gm%@gp% acﬁ%vregl%y VB‘?lgmg Elee fuel cell

Sppott pheet & theyd]oiing birolaySTeRMTES R 8id8isB4l can kinflfly be achieved by
itrogen atomby which it 1s attached to the pyridine

asea &dEPEPGHAY easkat; gnade yioghea grpsral jspeh as vermiculite.
het er oat om sel ected from nitrogen, oxygen and sul phur;
R10 i s independently selected from Ctal kyl, hydroxy,
halo and trifluoronethyl; uis 0, or 1; R13 and R14
are independently selected from hydrogen and Ctal kyl
or R13 and R14 may toget her W|th t he carbon atomto
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In another aspect Zis -NH. In one aspect t is 0. In

one aspect R10 is selected from Ctal kyl, C2-3al kenyl ,
w@2008a5Rynyl , hydroxy, hal o, oxo, cyano, PCT/GB2007/004156

trifiuoronethyl and al koxy. In another aspect R10 is

sel ected from Cral kyl, hydroxy, halo, oxo, cyano,

trifiuoronmethyl and al koxy. I another aspect R10 is

i ndependently selected fromCl. 3al k. yl . .hydroxy, halo
Addircaly; ths BiREmRGAT Rrraing: FEPCRLEEY o AEDSYEH spRBpiyts and
i @ W lImB bW foRB L1 MErmALYy COHIRS BEE thdimhaBy @nt@frafed design.

I'n another aspect uis 1.fn another aspect uis 0. In

Thisereaslfsao redueed systerRedst andécomplexisndent | y hydr ogen or
methyl. In another aspect R13 and R14 are hydrogen. In

ne_ aspect iiSs 0 or 1. In one aspect is.0. In.. .
Theciarely couplegineat pghanges sranzgmertStapnedts pbi gLeseyt ipygation can
HRI &pBBY tb NV ORidtPori shpAbatiofs MibRidink) comsined @_’ool@% énd ower, tri-

-S-or -N(R 15)- whérein RI5 is hydrogen, G -3alkyl or
gepergdnk deoybingd Resingndbopling cgét heweiv generatien)ni diatingery power

S04 A1 EIGHOSY PGS PRAEET MBI o TS Henion e
paRiddB ymehl i83Fofhigddordak }ﬂl%g@&eﬂ eysedn@a lakyl | o6 dlindedeleiint power
C3- 7cycl oal kyl C2- 3al kenyl , - 7cycl oal kyl C2- 3al kynyl ,

spprlieg] Thegate b des r,em(?ér@% fieey ieyiOF @ sysendp dbg él}eyllnéy store or the

) . : . fi

eril 0 G0 R EBy o5 IGR b Broote RIS, 4B Bows for o

dey e ©X yonthell of thoanount Y Brergy takeh vor afithe bystem by the condenser heat

e%;l}a%%lg @q{q@s?}ailga}{e% 3 ( %?9_ m@%{égg agg-;& e?foahl% fezd garck nto the
m) bfPa ' ' ; gptional ly

Sgﬁggfé@%?é%ﬁﬁﬁk%%%gggg&%mgﬁ%g%?%%gﬁféﬁ%%gependentIy

sel ected from hydroxyl, halo and cyano; and R5 and R5

Iar e seétage pecudéing | tp selagmicedf ftho maveyitlow gt alsast Glo3hdak yxchange

ptionally substituted by 1, 2 or 3 substituents
q?%%% nthedf C30 el m@aﬁf ARt W araey Pty v, prexiging, gymore cost
0 t A 0 . .

e B oo, b fgetons, sicupler

reekdpingeahdsatigitet edbrall mg) dan berack2veéd sel ected from

C3-7Cy cloal kyl (CH2) m, and C6-12pol ycycl oal kyl (CH

(315 PSR posids eI astinganate e polligpsr heat exchange
éléhgéiﬂedaﬂ%t fell \§i]?rL ﬁfb&@ " D 1RE) irafier BuidCrEFr EEASIE,ABme of the
hy 4al ky [ kyl d

rogen, CI- C3. 5cycl oal kyl an
163t Saysfbroal fyhnthe lypbde &F-gandarRBe ottt therfueli el dyblem fuel supply,

ni.trogen atomto which they are attach forma C .
B Arut Ste? e e BB GO o Mol of foct, whi i
LPb{ enRhiplica@t ﬁé\ﬁéﬂk@gﬁiréi’ﬁen?s, afdialdoiaontioNthg the flow rate of the
heteroatons sel ected from nitrogen, oxygen and sul phur

bt hent eensiter bpd.i sepdloyelt & senlateorapwrap ur atlsymal absorption/release
rtiakly. satur of. unsat urat ed. non licerin

R e B SR a3 " SR TR B e and. e

desipatdfttié @eathskclangdr will be deldhainel We Pk bHyrtte pesdembley fluid flow

selected framR7; R6 and R7 are independently sel ected,
1ptes s Rl axihe, haghcenacEy Of theahenbmpnsigy finil. Such fluids could include

b TS a5 1 o pgpyetisenas

(fdree:ainpla fiosn @n tabscpti&d ckiles) fueld @0t pLdAB1E NBGR -5, vehicle or piped
ROSO2N(R9") -, (R9")(RO")NC(O N(RO >> , phenyl and
%6&L&F 8Uryl [wherei n the phenyl and heteroaryl groups
are optionally fused to a phenyl, heteroarylor a
saturated or partially-saturated 5- or 6-nenbered ring
optionally containing 1, 2 or 3 heteroatons

i ndependently sel ected fromnitrogen, oxygen and

sul phur and the resulting ring systemis optionally
substituted by 1, 2 or 3 substituents independently
sel ected from Cral kyl, hydroxyl, cyano,
trifluoronmethyl, trifluoronoxy, halo, Cl-4alkoxy,

~A o = ~A




hydr oxyl, hal o, Cl-3al koxy, carboxy or cyano) or R1l'

and R1 1 together with the nitrogen atomto which they
wae@sasaxhed forma 4-7 nenbered ring; u i s OPCIGBR002/004156

R13 and R14 are independently sel ected from hydrogen

and Cl1-3al kyl or R13 and R14 may together with the

carbon atomto which they arel@ttached forma

- Halo i 0 . 28 .
R O ke i ol ) o e o
sallIseacke siagrbet Heewea! 102C- A0tDErS0eC839°0f orcAHmPEUBSE O In aspects
the present invention is of forrmula (1) wherein: Qis

ogthe ipyentignthe gl egll(s) way be stad supoprted SOFsy el oal kyl G
-3al kyl, [each of which is optionally substituted by
. 3. Ltuents i ndependently selected from

h%ﬁf?g%rycpﬁﬁéﬁgfﬁlg%a}w%§%no, trifluoronethyl,
Cl- 3al koxy, Cl-SallCylS(On- (wherein nis 0, 1, 2 or
nibddiméids bs tHRhesHRE BB Gexebed! Sl Yy Waybs edfithle, wi
C6- 12pol ycycl oal kyl (CH 2) m (\e/vhe_rei n ’rﬁﬁiés,&o@,gJ 1 };oT?f% le, with
apfgronpetorthp gecommanyipe idoaveingy swhishi t uted by 1, 2 or 3
substituents independently selected fromR6); R3 is
sel ected from hydrogen; R2 and R3 together with the
nitrogen atomto which they are attached forma
z;aturated mono, bicyclic or_ bridged ring system .

Eﬁqr%ﬂélsh?/w%érﬁl‘éli ¢hllngystenp includingds hedrexichanggpystem according to an
R gaﬁﬁjg .ed fromnitrogen, oxygen and sul phur
aﬁ% I C B?tgég%‘{%?%ﬁlgl ly fused to a saturated,
partially saturated or unsaturated nonocyclic ring

ere the resulting ring systemis, optionally

UYE W SR 30\}31‘@,‘“09,098‘:‘3 Sgg@@tf@f’?’%‘éﬁ%%mf kependent | y
selected fromR7; R6 and R7 are independently sel ected
from hydroxyl, halo, oxo, carboxy, cyano,
tiguire Jorshows ey varidtdn 60Me, syRREOshovRO Gf Gigdre ROGAN B alternative

\%&%%t% %gl)v&? é&gt%g%%%e@@)ags%%g& g@%%ﬁgg)rgfo,rmq cooler heat
SLOMOR N . (RO XRO")NC(O N(R 9'*)-, phenyl and

het eroaryl [wherein the phenyl and heteroaryl groups
are optionally fused to a phenyl, heteroarylor a

SO 240 L B s 3P0 55 02 yBTREES i

fordep antle fidl yel ey wah ehowi ONFiBier 12g2NbL; OXygen and
sul phur and the resulting ring systemis optionally
substituted by 1, 2 or 3 substituents independently
y, : ano . :
S oo aonat A ey hedt KALRES 1y A" ronting tg,gp embodiment of
(t-idednitiony C1- 4al kyl , 5 Cl1-4al koxyCl-4al kyl, ami no,
N- Cl1- 4al kyl am no, di-N, N-(Cl-4al kyl ) am no,
N- Cl1- 4al kyl car banoyl , di-N, N-(C1-4al kyl ) car banoyl ,
fapk & 4 ' LBodi

e ) o el Gt P RERE Tl ppfoinent
efibstnventies by 1, 2 or 3 substituents independently
sel ected from hydroxyl, hal o, Cl-4al koxy, carboxy and
cyano; RO, RO and R9 are independently selected from
RiparORe fhoanschnolired altépnhti RPRda® Bedhh¥ g SHRRR baHoREndYo érpelabodiment
g%/dr oxyl, hal o, Cl1-4alkoxy, carboxy or cyano); p is 0;

thgapvertipns - O, -S- or -N(R 12)- wherein R12 is
hydrogen, G -3al kyl or Cl-3al kanoyl; and Yis : 1) a
C3-7cycl oal kdiyl ring, a 5-7 nenbered saturated
Riguer GcstwiwisCa ialigrative kiael bl @ydtéminbdea Bokafle®Blange system

containing 1 or 2 ring heteroatons selected from
?ﬁ@l’ﬁﬁ%w,mﬁ%ﬁn%&f IgKeRitongr 2) - X- Y- toget her
represents a group of the fornula: 20 wherein: ring A
is linked to the pyridine group and -[C(R 13)(R14)] S-
is linked to the carboxy group; and Ais a 4-7
nmenbered nono-, bi- or spiro heterocyclic ring system
containing a ring nitrogen atomby which it is
attached to the pyridine ring and additionally
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pis 0; either Xis -0, -S or -N(R 12)- wherein R12

i s hydrogen, C1-3alkyl or Cl-3alkanoyl; and Y is: 1) a
wW@3030y32¢3 oal kdiyl ring or a 5-7 nmenbered sat upet/6#2007/004156

heterocyclic ring (linked by a ring carbon atom

containing 1 or 2 ring heteroatons selected from

ni trogen, oxygen and sul phur;ilor 2) -X-Y- together

represents a group of the fornula:wherein: ring Ais

linked to the pyridine group and -[C(R 13)(R 14)]S- is

thﬁi"eadsﬂo@vstﬂ?eaﬁéfcﬁ% s?' {0RPor Adn hd fiePedrs g/stg}:fm}qftgﬂe 3;

nono- - or spiro het'erocyclic ring syst

containing a ring mtrogen atom by which it is

th d addi LIy
BEhRCR ol ob Bl A oell i Srluainges dt peganse system
Mﬂcblfd@@,eh anwfﬂrﬂﬂﬁnéiﬂ@fﬁiéhﬁt?éiﬁibn%lﬁ i's independently

sel ected from C1-3al kyl , C2.3a1keny|, C2- 3al kynyl ,
hydr oxy, hal o, oxo, cyano, trifluoronethyl,

1= , - 3al kvl n- ereinnis 0, 1, . or
oot K el Y R ol eldebpioofig o an
doiodithéir gf thg WSERion( Wherein RL 1 is Cl-3al kyl

optionally substituted by hydroxyl, halo or cyano; and
Rl 1 and R1 1 are independently sel ected from hydrogen

j S by hydroxyl,

?ﬂ?%&ﬂggﬁgﬁﬁk%ggﬁhggr aﬁs%ﬁﬁiﬁﬁﬁ%fgbr R11 and Rl 1
together with the nitrogen atomto which they are

ttaaf g for 4 7 nenb red ring; uis 0, or 1;

dRU R4V éﬁlé SO L0 dluting a hP‘ttcﬁ?FP%P @@eﬁnatﬁa according
t6m 3k o @ttt JtkE: aRen

atomto V\rrﬁr ch they artew[gt?ig% g fo%yrgnfegy\f&@]}{ ﬂgeggliﬁg%en stack
aspaigplydAf asd pded, exg:_hamge Byst@m 180. The fuel cell system 100 also includes a

tica | e.sal t. in,vivo
tﬂ@xger H? )(/)é’lglgll‘ %mt i%/ attn@ uxrg\li,]gA{Ol1 Apd gjcqadenggtion water storage
tam{rpsnmds of the pr esent invention is of formula (1)
wherein: Qis -S-; RLis G- alkyl; R2 is selected
from C3-7cycl oal kyI (CH2) m, and
Weh refsrsimge jecFigatekipl {idid)aw pdthhendertaken bysthe oszgrﬂr gad (@pchir) and

r lon substi t ut ed 1 2
thgg“s{i BRI %i‘ﬁ&rﬁ’ggt%ﬁh esuemars § ) C R3is
sel ected from hydrogen; or R2andR3 toget her wWith the
Pitstly Ofhe hiatiaenided s%bﬁthwﬂf‘ﬁé/ d@é’cﬁbéﬁ t @%Pg %Hu%g gas, commonly
g sys

saturated nono, bicyclic or brid
agpts simmlied to det &ich celf systam 120 afd:dntth@amhrdnmegt via an air ﬁlter unit

0 seletedfromntr e en and sulp
A SRR, 3 RBRER 2 POkl evich I e dresert rRbodimen o
vyaaalblbaﬂpb@d sitbisaére iy — URisa iy Bbeer SRRAMLEld Eotftfo‘i‘lgd by a system
wherein the resulting ring systemis optionally
cepBel iLened sl ‘Bhe air §ilitss wiit easnbs mondep endefiuthy surroundmg the
d d I l.ect
?rﬁgt%(:tl“grg ragr )(13 'ﬁ}z@)ﬁ‘r h@ueﬁirntﬂ? %%t ' n en e@& vgx S?m&%na? pressure
ledseh e@n)ﬁsw&yth(dﬁgli e bloher €77) 1R113 dh‘éctﬁbtﬁéﬁélﬁﬂew@@ Bon¥rolled, the
H) (L@}/ ring or a 5-7 nmenbered saturated
1281 BP atr ?t@ SHIERSES hireat exchaneests thainit gomey in contact with,
&4, r om
Sl rsg%e'eétn E')Q:él)%t)l/%égsn 127614 F@hﬁ‘ 'Elﬁago%% f%%tr&&%%g %b Eopner units.
represents a group of the formula: wherein: ring Ais

Thisdietheh dedda dropythe dirttogeolna tarf airl{ehfdr Ak clihh r,snm’r $22 in the
Irnke to thf carboxy group; and Ais a 4-7 nenbered

he@nge a‘Eﬁe SYsreny erPoT @ BHT brae | eat exehangy enidm22 is a gas/gas heat
eREHAngeN| t

Kb 0 ¢ L. B O ML Bl b bower 172 e
oBst iierihe |apodm effegas ecronnmg girdmtthe datlomsls elack ta@danﬂﬂ? Mdiscussed in
ni trogen, oxygen and sul phur; R10 is independent

sel ected from C1-3al kyl, hydroxy, halo and

trifluoromethyl; uis O or 1; RL3 and Rl14 are

i ndependently sel ected from hydrogen and C1-3al kyl or

R13 and R14 may together Wi th the carbon atonrto mhrch

o T o NN




I n anot her aspect the invention relates to: a conmpound
sel ected from
WO 200B03R)3 1- [ 5- (cycl ohexyl car banoyl ) - 6- pr opy| seCT/aB007/004156
yridin-2-yl]-3-piperidyl] acetic acid
1- [ 5- (cycl ohexyl car bamoyl ) - 6- pr opyl sul f anyl - pyri di n- 2-
yl ] pi peri di ne- 3 carboxylic atd d

| - [ 5- |_oh b 6- | sul f I di
ra},qti[o& ( 3{\;1/; g%], glx r Bglgo I?I eg%{)gl%/l osfalératlgg%f t}?g 1£r|11t IlZnZ a certain

: al_%'%{}ﬂt c%fghe(af ¥1‘fér$p ?y‘%%r&?érg@% )chfarwdg R 544 el HonPie fi1ide of

pi pe cetic aci
tbz-ﬁlel ¢ell- tankodsedmeidly | (Gmphiagulyd jndde pibgas siehmafinth 4y fuetleail stack

opfiherag %Wgﬁ%ﬁ)@gbgmw hofliepRint synertie of water

b [
RO 155 D hERTE clchaneer 122 1o heat the incoruing air
strea@h (heamyé Hre3iPdtRam Soth hastal iagbddit emperature, 0-50°C to 100-250°C).
4- [ 5- (cycl ohexyl car banoyl ) - 6- propyl sul f anyl - pyridin

Thg_dgﬁfqrpmqyemalzqaﬁng Tyies ifcdug to deisignificantly higher flow rates of the air
s’&g’a@l gé%lés th%: %Lgoc(eggéf gg? O3 & e%% CX{))ﬁn)gS,ﬁ)rB(f%@é{lt Stk faggé/e off gas by

am no amant a

tr(eSeERc ﬁ&teﬂhe{a& Sx{loyigt aheNgd cad ba Foyirglida- 1y ﬂ!@yﬂl@\d lof aftythradgh the
am no] adamant ane-| car boxyl ic ac
: uali [1{"-% v(leyﬂ a8 coRRpUgId the snase @b fhesh] p‘ffarnwl pyridin-2
-yl ]-metb.yl-am no] cycl ohexane-1 carboxylic acid
2-[(3S)-1-[5-(cycl ohexyl car banoyl ) - 6- pr opyl sul f anyl - py
The timpe2atyid qn@/(ﬂlb(alin ldavingthel a]na]matardleak:d:mthanger unit 122 under normal

og,qr&x%&é/ *9éﬂélgh exgﬁgﬁ %akx)f% nlggregseg P h%%lvgru It e 1r t n¥ relrgtlllrré is further
1ri)§|‘r'e{a§ec( &y & BBeNMp &AM kdd B BIORY Bl kAR R¥E teftigeradire. The

] sul fanyl benzoi ¢ aci
injet] &ir (teppératvex wif dhe Faetoell) stéskp isopyitolieblanhispyan bé nckdieved as |

Iben20|c acid
d%;ké %%@8 ohexyl car banoyl ) - 6- propyl sul fanyl - pyri di n- 2-
yl ] oxybenzoi ¢ acid
T?le [héa‘c%@ 'a{rcwﬁdlﬁ)%‘ Vi CRERS 'HEX’J axcRaryeP Bk 39b iy oy fkSligh an air
] oxyphenyl]acetic acid
PB- 1[1643I€[r5w@t 9mh©ngcryll4<2an bhmmy Ip}e—Beqmm@pyﬂstﬂ(} ahlyé aipyré-teater heat

STy ok PR B g P s apybvsspihre gy s fo or o
stadlc Bpbsitthf &%b@iﬁﬁﬁ@’b‘y] e héat ahkfby contained in the post exhaust gas
2-[4-[5-(cycl ohexyl car banoyl ) - 6- prigylsulfanyl pyridin

burney |s§:@g@pﬂ@nq; d¢1] tecaidithe gentgpl of the fuel cell stack inlet temperature, a
c E‘[roél a]EJﬁ 41? ﬁg ﬁg%e rJ\(’)eg %dg I%g@%(é:eh c}g aBra%pyy ﬁﬁsflﬂ'{éyl SZpXﬁdv% & to be
squp[héd [ﬁmﬁ apeinm befoyd thanbdignyt hedh cpstapyd suit fonydinpafter dignir pre-

yl | f | ph
h?‘tfr:%hf]fa% léf‘&@’gﬁ}ééﬁ Eg ng%i]aagfg%rg;‘ﬂ?%@. Heckpyibe Aik Brrppsspyarieliencontrol

| 8
V%l%f V| 8}) gééf E)S/ x%ﬂligglrﬁ é 82 3?19\9% f%l‘r %oggc/roéa Fhaen%/ I tem)})reragure by mixing
thel ])}lphésamyl Wwih zbe (anaplredleatmg heat exchanger outlet air ahead of the air

elgtp 131 &ﬁ%// %x% hceeilg ﬁtéc %ggzg,llng Ctli'x oléusnl{tla fo?nay 1T ﬂfg rblysjpI ars]seg In an
aiter[ém(ecé{ﬁzbcswﬁéﬂﬂ gR" ds) 1ife &5@{%@ blefmiiviba RYH tHE Bysfem.

yl ] pi peri di ne-2-carboxXylic acid
(2S)-1-[5- (cycl ohexyl car banmoyl ) - 6- pr opyl sul fanyl - pyrid
Theaf2- grb-]hpytmg)tmd ﬂﬁ@oﬂﬂ]ﬂ:&iﬂﬁb:)@lhﬁent iachudes a start-up burner 144, which,

in Eleyql]L;seE{ S¥1E>8 hex Ilggr b 211 gle? g}/ hfé“s'afn%n%mc@% Itge iguel cell
Sj;%félﬁ ‘fnél[ iu%p(f&ﬁét%ﬂ%ﬂﬂ%reﬁﬁﬁﬁ%éﬂt@ 1tpcfo‘ilm"b§§i1feﬁ@ﬁ‘lcaf Wddter) and

2-yl ] am no] met hyl | cycl ohexane-1| car boxylic acid
3 [[5 (cycl ohexyl car banoyl ) - 6- propyl sul fanyl - pyri di n-2
-y1l] am no] propanoi c acid
| -[ 5- (cycl ohexyl car banoyl ) - 6- pr opyl sul fanyl - pyri di n- 2-
yl ] azepane- 4- car boxylic acid
| -[ 5- (cycl ohexyl car banoyl ) - 6- propyl sul fanyl - pyri di n- 2-

e




acid
2-[(3R)-1-[5-(cycl ohexyl car banoyl ) - 6-cycl opentyl sul fan
W@ keoppsizdi n- 2-yl ] - 3- pi peridyl]acetic acid PCT/GB2007/004156
| -[1-[5-(cycl ohexyl car banoyl ) - 6-cycl opentyl sul fanyl - py
ridin-2-yl]-3- p|per|dyl]cyclopropane-lcarboxylic acid
2- [(SS)I
nt r bano 6- propyl sul f anyl ridin-2-y
{V?xc% i3 f%@r? %Ta% glg;eeqq Ezsgég&hr%uglg%lhe air pre- 1¥eater ¥xeat exchanger 142 in
EerlalB SrohmitBndes- agiaﬁa’BEMLHC af BaBpYhlivd dQﬁﬂ%% MJ 8%hé Ruel cell

yridin-2-yl]pyrrolidin-3-yl'|oxyacetic ac
SysiepB R0, wifes thainHeatemmil Ireat bevhangey 162 iy gt predilcfrnyiFfiddent heat

S AR TS T ——

mai dlsn opente] diﬂﬁlg%hﬂ@dnrbhan%és]lﬁ Rﬁﬁ' & %aﬁhé}e the output re ulred from the
E‘g R) -1 -[5-(2-adamant yl carbani oyl ) pr opy su any(I
| ?ﬁlbﬂ?ﬁkj Pyemblyi Hilnis igcreased orguiting andnateased operating temperature

%t; tl[hgl%r@ 5%11 Fs?clg rgsr gﬁﬁgppﬁg ’f'l?ﬁ gg% ig é)zlgge}“ glrl(? B}{e-l%el“gtgr%%f bep a single

@Hs) - 1- [ 5- (2- adamant yl car banoyl ) - 6- propyl sul fanyl - pyri
di n- 2- yI]pyrrolldlne 2-carboxylic acid
IS SR) - 3-[ 5- (2- adamant yl car banoyl ) - 6- pr opyl sul f anyl -
he it r?uEPIV Iqle%ﬁﬁtfﬁomé‘y dicofus] el ptack ansemtdy dA0 bmxthkiair side (the

P11 i 1 ek, et e g b T pamghesi i soeam

Hows B the ]fl(qul rceﬁltst?lldkra& s'Bde:B{Z)Q @ié))é’smg o&léﬂ t(ﬁlefcatholde areas 8f the 2fuel cell
adaman Cc ano opyl sul f an ri

sé%{k] H.é(fegg@pg ﬁéy%enc / E@ge}{) heat fromythepc)ethode side 112 of

nty

tﬁ;}/ Iﬁ(eg 3%1} bct{vlé a@fgﬁ ?ﬂy e %{.ﬁd&ﬁa{n%aeﬂgﬁ)%%glggaéﬁ aces. Ats tﬂe end of the

@lelufcdez ol[amae acm[@zreazl mwgmam BRYdeh- @ple&’eiﬁ a@pﬁfyajéi i8 termed

u ny in pyrrolidin oxyaceti c aci

C?ﬂtogﬁgff g%["ﬁﬂi%teg@%@ﬂ? P asound A8 6?&& .cycl ohexyl sul f an

-pyridin-2-yl]pyrrolidin-3- yl]oxyacetic acid

’ﬁTe[ éaﬁ@dg of£ gas(, %fl@éjrﬁgﬁ?%és%g OW %ﬁgé%ﬁt&g&x semjblfyaplo does

r&bt [1mﬁﬁ)i}alteli/ ﬁemzmdaaimmﬁe/ hioale B ds d}ﬁ‘e{ﬂﬁb@ ki 28N lsyR¥ms, but
rldup g yrrolidin- 3&% %ﬁgetlc aci
ipsjpad the the ¢ aeostarcrifingdhe i gel) pesses Aiyectiyl iteny bupyr 132 in the
ngnegfryﬁohﬁégm ne- 3-carboxylic acid

(35)-1-[5-(2- a amant yl car banoyl ) - 6- et hyl sul f anyl - pyri d

|n 2- yl]pyrrolldlne 3-carboxy lie acid (

ﬁaa) feféd[éide( 2Ailagderabé keabbanay e gmeéﬁtyérﬁwd‘lﬁeﬂtl Y fuel is a
g % % azapi cycl o[ 3 . 1. Qlhexane- 6-carboxylic
hé( To§arho %(: lpi)ammg uel, Tor example, either bottled gas (such as LPG) or piped gas,

si!tc):/ﬂ §sp %%F%P %glﬁﬁf W%Qamﬂéwaﬁ@elge&mﬁl Al kY o Ry" e%y?irogen (no

f(l@Fg)aS refpﬁnﬁ{rZVQdéfmameqlhl(ednlh) tioydsk) 6r sortrdeglsach fapoH g@é{ bt carbon

I I R
nggtngx &gh%ﬁ{{%rﬂrr ?glg?ﬁa F)g‘;i% ' boﬁ%)gaé eoraafult(;j ggs Sorsgasolf,ne or diesel or
akBitibh Y [deydsbiet &'J%t-)‘&'l} of émﬂg]zafeh%ié o[ 3

1 0] hexane 6- car boxylic aci
2-1(3S)-1-[5-[((2r, 5s)-5-hydroxy-2-adamantyl ) car bani oy

Tlh]e.fgel r:@bgd @alfﬁampll syyteindi00-i2 reguldted i @lsétdirBssareydrld controllable

ﬁ%@%ﬁ?fg’ry 1%%5‘13%%98?1&(1}%@ ferh o8 Siom 3tdgash gro Gentrollable pump,

beﬁrr@r Brhes UhdoRBY dt- Ru&t hdiglation val i -
ﬁ arﬁano g‘rsnet hyl] cycl ohexané 1 Oéla?,%giytlIrgu%I i optional and re

arppablg (d@wlpleg)sesunyd ek yif Zequimiam yl gasapiessmy Ibbo&- Pirfp with

I h

M%l%?g}tu {31(1: %\*ér: Dgnenr) 2- “THe rtlquC f%e )%gnqgerature, for example a
4-1[ 5- [((2r 5s) - 5- hydroxy-2-adaniantyl)carbannyl]-G-pr

opyl sul fanyl - pyri di n-2- yl]am no] cycl ohexane-

1-carboxylic acid

2-[(3S)-1-[5-[(2r, 5s)-5-hydroxy-2-adamant yl ] car banoyl ]

- 6- propyl sul fanyl - pyridin-2-yl]-3- piperidyl] acetic




4-carboxylic acid

2-[(3R)-1-[6-cycl ohexyl sul fanyl -5-[ ((2r, 5s) - 5- hydr oxy-
wQz2@dasaent yl ) car banoyl ] pyri di n- 2- PCT/GB2007/004156

yl ] pyrrolidin-3-yl]acetic acid

(2S5)-1-[6-cycl ohexyl sul fanyl -5-[((2r, 5s) - 5- hydr oxy- 2-a

damant yl ) car banoyl | pyri di n- 24

yl ] pyrrolidine-2-carboxylic acid

na(t@ta ghs F@péxscwwhmraélm gy om 003, Beve BuRly o fipr12;25°C.
Bg; P{%ﬂéﬁ}% q&f Ep%m%exj if Beg(}rg ﬂ‘?e pump, the desulphuriser unit is exposed to a

1oawr Peskrd $éqd1rehﬁnt:amil thh;&iay linsplidatioyd f5-ifs [d@ﬁgn,ﬁfs)e -oF nfwjatials and

2-adani antyl ]carb I di n- 2-
alscp %grm@meplgy@ r?a/ ]aggqlgjgﬁg d]esel rﬂunlsgr thath nJﬂ

2 [(3S)-1]- [5 [[(2r 5s) - 5- hydr oxy- 2- adamant y| ] car banoy|
e]ralis%c{m la(?l%o g_té! %&gﬁ%&%}%ﬂd@ﬂ%@m system requirements. Firstly,

as( 3Ekcribed 5.bd5x(e( 3rfebs )s- prokiadd Ooiyhe’Zstaﬂalpamtryd:r) el bahisydah 16 taken
-(3-met hyl butyl sul fan I)p ridin-

fripm piyher defare g aBercthe sesilp @sgtéqraumt This fuel feed is required to feed

ﬂ{elﬁr?g}’qb%‘pﬁé f)%@%gﬁt an %{%% “of TAHA TR S S TRARYY, 2 low

pytr Speaataly woiat to [fall pbwel, e denesséd ebovsoxBiei startigp durner 144 is, in
39) - | | f 2 5
t%%%feﬂ)t F@gp%m? S@}%u Xlé‘ew Ger g %D@ﬁﬁq% (st ¥eam 10

tl?e?l f@ed?ﬂ‘ge(a%s% |he£11%r {o heat the air ﬂowmg through the fuel cell stack and hence
2r ydr oxy- 2- adamant yl ] car banoyl

tj@ 6- phenet h
hedtfupntk fpsiraelistacle asdeinbiy 1 1) pEhé exhapsicass iftorn gieptart-pp %umer 144

ﬂ}%’pfi‘?(‘&sﬁi/ (f%eil ﬁsl?hfﬁﬁ n dr O>§’% Zerggt? %%g ééé%%eg%‘%%gp&oha&ep 124 in

1l lhidat [a,ﬁcﬂaﬁg@gysfeﬁi 150 (raysén@w ﬁm&a@e‘m peipeRr hanopbint Guring start

r opox ridi'n |]-3-piperidyl]-2- nmethyl-pro ol ¢
ugoqg d10¥mglyoperat1on dogs e a1rpprg—heatery heat exchanger%ecc?me gaﬁeat sink to the

1R.5S %n{gg ¢din-3-yl
OPBnge%%d gli%%% gf%/ )pyry%éamrgky 0 a)zﬁht)l Ic;cl 0{3) P
. 1. 0] hexane- 6- car boxylic acid

ASufRyr sphfite Vet 0B e lised fagsy kheSdésaip@msxﬂdn Bniy lapg rsupplies the
I di ne- 1-carbonyl)pyridin-2-

balm| 189 (gf dfiegburney] 18 B Uit ég@/ b—béé‘g‘/ fygl feedds gnly used for system start

UDs ';Vl(hsse) % bhn}e? 63??4 dﬁ]# \&ﬁﬁ‘ﬁ’f#he ag)t’%il}p}é%hgxg’b]tﬁs% RYafiRs Hﬁlbugh the

etic acid
el €8l Stadk- to heat up the fuel cell stack assembly 110 and related system

6- propyl sul fanyl - 5-(3- pyri di n- 2- rr i ne-1-c¢
q[qmmepylﬁgm Aea oygqatlgg geﬁpyt%qtp@w hgéé]lrg 132 Een T6acts With tl?xe air and
rPRRY: ﬁM'a‘ﬁH'tﬁ@@é@uﬁ hot
th h@@%?edzfuéﬁeggeaﬁ@ Bdé Ghe %1 PRty R ing ho
s{n@aﬂnr&@ek $500E 2505 C) Buteid- apx)t:lfc&ﬂien-l% ity the budi eeformer unit 130 to
1- car bonyl) pyri di n- 2-yl - erldé/ 1L“z;\ctlc aci
lpaf y3 e qefqrglci{ W34 tq56lpsaier ratmg tempéra I 'thie present embodiment,

({egﬁlgﬂhxg%d] ﬁlgﬁ H%ye{s) dfée(? [PRY b3l 2By las RSl Mesdhy blimdr catalyst

acC e
design3 Hurthed, Ghepls@ rmy lawhfpameirc-oﬁle[s Daglt-presswe taslmtthgeﬂ r)lmhb@nse asa

r%éfl'ag pieasys fopb Rk ardiyisBep f B4 Pl e fgryer 12
ek l31 t burh&ib 9&56' ]Héﬁ rdlegi ts¥d fireBis not a specific requirement.
pl perl acetic acid 2-[(

[ 5-(4- carbanoylplperldlne 1 carbonyl) 6- propyl sul f anyl
Inptjne iefhibodRngrt kh@vn . Pegura ¥4, Jthe ma:mag|fue1 is fed, via an opfional non-

VFL%‘H |v]a§/ﬁ)ﬁp£tps§1é>wéf lﬁg gesi%ﬂn/é&c' QR0 og%hﬁc ?agy %%}eaatgrr PB@ where

# &ﬁ&%@m&h Eéarﬁc Sfﬁé Qé‘rﬁﬁfé&bm(é? ¥E enseny Bethy kealseaneyl2p-400°C,
6- propyl sul fanyl -pyrid 2-yl]-3- piperidyl]acetic

acid

2-[(3S)-1-[5-(cycl ohexyl - et hyl - car banoyl ) - 6- propyl sul f

anyl -pyridin-2-yl]-3-piperidyl]acetic acid

2-[(38) I [5 (cyclohexyl-propan-Z;yI-carbanDyI)TG-prop




pi peridyl]acetic acid 2-[(3 S)-1I-
[ 5- (cycl ohexyl car banoyl ) - 6- (3, 4- di hydro-1Hi soqui nol i n

WO 2008053293 i di n-2-yl]-3- piperidyl]acetic acid ReT/GB2007/004156
S) - 1-[ 5- (cycl ohexyl car banmoyl ) - 6- ( 3, 4- di hydr o-

1H i soqui nol i n-2-yl) pyridin- 2 yl]-3- piperidyl]acetic
acid

e fxf%rgw.[étér%ﬁéﬁ’ SR RN PARSE ks
e (atde fhorh o 1fe r% %ﬁ&ﬁﬁg‘%hﬁ tnBrErhdr rdmrs@@@e@ Below),
pyri di

pl perazi n- 3- piperidyl]acetic
ra&ﬁhg the fuel stream temperature to 350- 550°C before it passes 1nto the fuel reformer

Bhnbhe Bgethgtic 2egtionaoh b ety mratiard an Gy GeREY 158 for the
re?t6£11(1§ nﬂn‘oggﬁs( X%eg@ﬁﬁyﬂ&ﬁrtﬁéﬁﬁbﬂe} 162 (o‘&ttﬁl‘t hivdt Spakded rﬂiﬂol&gh the

| per azi ) pyri - piperidyl]acetic acid

réfefridS)34. 1[1@ ot @bﬁbnnﬂhémhl(ferﬁmtyna)‘.qm qréts 4h¢ mefprrger] 133 gichetween
5§|Q-|o7h 83( lbgf%rg it passle)s% glé 'Suoug% t%e ]other si%e Rt yefclrmer thea:t exchanger
138 [t 3Risker [BdeCYE }t? f?ﬁ@%& tocﬁé' PARD Yl ch; rﬁnaé 4ofheny! TRS Besdser heat

ar bonyl p1 perazi n- pyri |n2y
epd:hmgerdm 8 adlethe cud aefdner] 133 may be a single unit. Further, the burner 132

n%y] be;%ﬁhe)@%?eld;rﬂ e%\sy gr%: Faerégrgrgelro ﬁng and P or%Yer %g]atne%c}?% erdi’j%. 2-
2-[(3S)-1-[5-(cycl ohexyl car banoyl ) - 6- (phenet hyl am no) p

yridi n- 2 yl]-3-piperidyl]acetic acid
2-2h6tBS) embp@r(euy showasiy Fegwrddhogand Whlc(ﬂriétoﬁlwwtﬁﬁéh%ﬁﬁw as that

SR Fad I il LA SRR ELBHER vio an qptignat non-

rétﬂﬁﬁ M% @tdt 'SBOW'hj ‘t@a@te@ﬁ:ﬂﬁﬁl}/gdsaﬁﬁﬁ ¢3@®V1£bre it m1xes w1th steam, as
cIohexyIcarbanDyI eyrro idin-l|

iy {chqjﬁnst g:nyq)c}lrr@ %;T,hg tereRerataeatithe %t@ana fed fuel 1s raised to 1y2O Roo°c in
ﬂr%? érlglﬁéém‘le]n% ﬁaép(v%ly | E 7Y %bc %%?ﬁ%ﬂg ér)ceg? PRt Bedt-ckbrder 138,

iR -WHidS)hel mbﬁst(sam:pmhﬁxy tenipet dtyie- foan biagrmeformede praxpy bzasing from
no- pyridi n-2-yl]-3-piperidyl]acetic ac

the [: oz Bflsrae%%:therfé@éﬁrﬁﬁ%ﬂﬂw@re%%@r%@#Oac(bﬁ'é%fﬁ%Paﬁses into

di p l; € 1p, the reacti
r?“fggﬁgl{%?% (hgyc exéﬂrgglj}tbgﬁr#ow dlapl th)%l pyer |r%ﬁc fon is
d?coﬂreﬁtﬂc— SathértBsih dryddﬂaameid byaeidtion of a catalyst provided in the reformer

13)511 ]In %?,ergggcﬂlglgepaggganltg Car qg rgforrna’ut hgrocéjsg 1s se'ltn sustaining.

ﬁ1+§f§§ i thiz: ég%ﬁ%ﬂﬂ&ﬁnhéet é‘ﬁ’"’tﬁ@ﬁhﬂneﬁbfﬁéa@)ﬁh Y hécir8d,2and the
pI peri Cetl C acl
mﬂmssrf -das [&}e(saamdﬁmhrthmhglartbarmi}dn)ﬂeﬁ 1Bd¢ y Theymravdirpfopmed fuel

ée gngfftgi Befih £y PERAG by oD SOYTSSE bafore 3 Rppees ack through

f}%g) Ri{e%F i;h 01]e gﬁe(*aQ eﬁ@{ ge&ny'SCto b SFer some of its heat to heat the

cycl ohéxyl car banmoyl ) pyri di n- 2-yl
i}le&nmgmaeﬁ ghyl ]’lﬂee‘efomnadna:att exchanger 138 and the fuel reformer 134 may be

3 ﬁnélseﬂr]lt %&%@?’tﬁa@hexg iﬁa @%gé}oﬁ lbe mn they s%tlmo Jn?tp Xs thg ¥etflormer 134
%m[ &?&)net h[aé dxen BRI, yﬂh%%a@éiwf $asOstevl 1Ry el frdd e burner

3-pi peridyl]acetic acid
1232[1(03® Sﬂealtlﬁud)galwpmrriﬁﬁrS [[(2r,5s)-5-hydi Oxy-2- adama
ntyl ] car banoyl ] pyrl din-2-yl]-3- piperidyl] acetic acid

‘r%étﬁ%n b PP g 1 e B Gy SEupr ool opmet nERxBiinger 138
%t %ﬁ 350- 550@%@40?4‘1?&&&%% 5 &ﬁré@@dmhamﬁypmmﬂ @lfuel side
any di n-2-y

pyri pl peridyl]acetic acid
[ 18 TDhelrefobmpte pRsses shrowetntht hoodeaddarfiet cell tivk el hypassing over
ar banoyl ] - 6- (propyl t hi o) pyri di n-2- yl}piperidin-3-yl]
acetic acid
[(35)-1-{5-[((2r, 5s)-5-hydroxyadanmant an-2-yl) (nethyl)c
ar banoyl ] -6- (propyltliio)pyridin-2-
yl } pi peridin-3-yl]acetic acid

~ Va



and
(R -2-(1-(5-(cycl ohexyl carbanoyl )-3-fl uoro-6-(propylth

WO e)oppsi2di n- 2-yl ) pi peri di n-3-yl)acetic acid anPCT/GB2007/004156
pharmaceuti cal |l y-acceptabl e salts thereof. Another
aspect of the present invention provides a process for
preparing a corrpound of formuba (1) or a

e e SR ab i b S eS8
e%kr@ﬁfbnﬁ&ﬁ%é%tﬁﬁs 5!(9?) o}%gxyg%ﬁ idgs | 't}ﬂ@ @a{_/@ o2 AR (He fuel cell

conpri ses any one o0 esses a) e): a) reaction
asfenbly dropo theckiobn Foy mﬁh@de(ﬂde mcuduca el:&otrmiurrmhddﬁlease heat. These

cRgE IR Caph i i e RysbeRe brEronara CBRat 1) pfeguoe steam, s

caeieethB e?éct@c@rﬂl@a\feetwoﬁ RAd anvﬁg {89 cle@@disl @8l tha electrical load
conpound of Fornula (6) with a congound of Fornul a

cfrpyit ﬁ(o@) olqagldm@ﬂvgfnel)cell.sgach to Ew\athey g epover e&gctromcs system
action '

agg If_egtr}ﬁ& oafi \';%e%rl&gc%rl] ?o%lg ga(r{'%%tﬁ b(e §%tﬁ§34ag{r?)o%8 ?‘19«%?;912 ?%tem and
dxmﬂit@ﬂleqﬁela;en@waund of Forrmula (10) with a conpound

of Forrmula (11):(10) ( 11) wherein X " is a |eaving

group; and thereafter if necessary or desirable: i)
ﬁ%r}%%%g{é%ﬁ?lﬁquor rrgtleg ko ;ﬂa@ B?(;Iﬂ‘g%@n%él'l} %]tgr}éa.g{n 8 RRALEEeross the
qmbdet sidé fined cgli actpe;aréa 114. rﬁasltb leaivesgthe namdd saeefus] cdllgctive area 114

formn pha ce tlcally cce t abl alt o
VdP@P‘%saé’Bfi% OB e Srdg o0 s dohor QU Semens fispeielt aea,
H%k%ﬂ)ﬁea't:?ﬂ'omjih% dodde él@é 9,16? @éﬂ Q@cfve%é@?liﬂﬂl@ﬁs surrounding
Fornula 1), well known to those skilled in the art,

danvobudentfapd stifaseal group i nterconversions such as
hydrol ysi's, hydrogenation, hydrogenolysis, oxidation

hettaas alreaden BniodurliesiageHEnBly Tk 150 Rear GRS anode off:
%‘3 Lé@e%xﬂgchef ueh8e Q#I'é %hscﬁe SPhese ROk e&&%‘éé%ﬁ 122) to give up

e co tlons ove processes -a)
mr& afststhehl anesgy tBrivcmesmag dissttegymi, w&hdh;beatacrrargdls ahxn rietwned to

Rl ol R GFSrem o1 i B SIS SASRe, R dpodeaffggs loaves the
a?if ﬁéﬁtgr%r EﬁBﬁtx'ﬁﬂ%sg% LLItlJ] %99%410% 1#E30PCNGHR s%Uéthﬁ)éne%asses into an

reagent suc ori de for exanple or wt
driode affeliak Icomdanfseraleswﬂchbli@r t26) pihiengthagenpergtnre is reduced to as low
conmbi nation of agents) to forman active _ester gch as

HoppegirepparsprAole Raile (0- B Co RBY Pipfershle Fedhingde fggon of 20-
o h t
@{/cj g# gg enivl?g' lf%l teiThe é%t%rl%em Q%é (?:gi)ﬁl@g {'cﬁ%amty of the heat
ERBGdeP NeatSraafet I fRED. O Wt s@bh e cRittired) ar®dewEt-@8k steam condensing
tenperature between 0-60 OC. Process b) is typically
erarQcceiinoRRder 19 rgeaver thwates 6pxiained svjthn die anode off-gas'stream and
I a tr

%én%g' ﬁgcg)gfgg gs%oglﬁﬁgﬁg eegg ?eaﬁ@@uﬁ?ﬁﬁbfg %tngréi u‘rfhﬂig hdge off-gas
toddamset hydt Cébcshahgéla]z%de %) gagtatliquisitichnibl chamgderywih apgeference for a
agent (such as al kyl iodide ally the reaction

B8 Chortib rhetsy derognemimobeing r\%%‘? OBReFgpfige of the heat
&R EHQG? §o Qlfe AnB@Y b b %P%@Hﬁ%e@gmﬂf& i, 08 8ch ;panHle could be, say,
I odo | at e, ate or triflate. QG hers are known

watet ifﬂmarattheﬁndcﬂe& o arrwtebenmafrpmeel cooling madiator in a car, or a

t abl | vent t but itril
Sl e P a5 o e DU o
g@s StndeabiraichaSRhaMsR 126 iP ArASeH LILE AP MPéshdehisate can collect

um hydr oxi de for exanple. Typically the reaction
mgl draiy ﬁem thetheat em@a@rg&& &ifp aféhea dleTequigpehgvhen mounted for an
M crowave or conventional heating, for exanple at
t enper atures between 100-140 OC. In certain cases the
reactions can be carried out at anbient tenperature.
Sui t abl e exanpl es of | eaving groups (X ) are chloro,
bronD |odo nesylate tosylate or trlflate Clhers




that they may al so be used as starting points for the
synthesis of conmpounds of type (1).It will be

wa@ppsesi2zat ed that when Qis H the required coP@DGBA®7/004156
may be accessed frominternedi ates of type (15)
according to the processes described above. It will be
appreci ated that certain of tle various substituents

e €9 ounds of . the se nvention, and in
e RS R ARl ks hoht Shyogis TR difenseed in more
@ym$baﬁdard aromatic substitution reactions or
generated by conventional functional group
nodi fications either prior to or imrediately foll ow ng

Thﬁemmd@@éfsgaééhmﬂows frenh thb ovmdensarcheatsexsmipen 26 to the burner 132,
Such

t he ct of the inventjaqn.
G S o i BF EEo iR he Pufutin e s pagvsLar in the
prefsict beflaniy THRAVS!RYE ofthe 3NOTREfrGas HRG L {hlétﬂuﬁﬂe 132 to operate
reaction, reduction of substituents, oxidation of
& 3eVrt lgBwetEpavhick yadaessche mstsﬁﬂs’thmwent s, for
exanpl e, al kyl ation reactions such as conversion of a
secondary amde to a primary anmide typically carried

Bt bursengastiionaegsass ahé HeR rasos@d bty uhydaifHa Mm the anode off-
lithium or potassium hexanethyl disilylazides) and

285 strgpneangd | RYJUSEs ﬁéloégéﬁﬁtre@gu%arasndré@%ﬂﬁmﬂ; talle) the'Bmmer off-
ons f rocedures
G HEmh SRR R B RS el o
exanpl es of aromatic substltutlon reactlons i ncl ude
Tikebirhtr 681es kehn@fhad RELY &r&ﬁ&% tHe 'r@igrxﬁ&n?ﬁf]ﬁ{ ﬁ‘x‘eee%bodlment

nitric aci the introduction of an acyl group usin
%Wnéﬁﬁiﬁqlfé lagtp ﬁ@walbabalal@ceamd fugdviieed amdaﬂhe(rmm: i'efaxSner reaction

¢ Frie eI
con : {Hif%‘z'ri%etr e%tgéﬁh%lg 8&68% g, fhe %;Fneésla Th% pwaler off-gas
strearml Lkathes el refbemanst °@gC |
e s O A

af g H@recunion of a hal ogeno group. Particul ar exanpl es
of nodifications include the reducti on of a nitro

n_am 0 or ex catal ytic
A BBk B0 s AP roft Bhmdn Furo o4 e Rishene e oes not
O throupht the rdfbASEMCR, Ofh Hayd
Ijr?eat |(glég oxfdatl on of qgl kyl %%?gal%éngél %}%@Uﬂﬁﬁ?ﬁ % la and b, the
E

pherepm then fagds| thﬂtslgaSb@napmaat pateeadort hm where the heat

r QRS . Ime |one here| it ma
zi)r y;&gl&la;ﬂg%frgd N 5 19?§F {9 Ve Yo rt8 \AFaCTRle steam
thitd’e@ismpmuﬂfld fuel'léheamr‘[ﬁﬁtadﬂ@ﬁﬁeswﬂe refoRh& B TR v‘za‘ier for the steam
necessary or_desirable and suitable nmethods fo

EFRGEOE 115 Stered & Kisosendensatipe eatekstoragd tank 45 a'ﬂte burner off—gas

B AU LT O —

corditidnd/ b (Be §pstemPriticatsany GeferAHP$39 Bnﬁt@ﬁﬁ)’fﬁ 1
Synt esis, John W/ ey anngons 1991). Thu © %as mixer 136 may
bp &out in; héngheeuyt-odihs baess 138 andforothe a’afOtmmylbﬁlf may also be
Hyvqla&y( th irable to protect the group in

psorre o1 isgﬁ?eésgg%ﬁl gﬁlz menti oned herein. A suitable
protecting group for an am no or al kylam no group is,

The buencarmff-gas tash g@gsbs GO, the %farﬁ%ﬁ‘ﬁﬁhlél a4 ahk %&%@ the air pre-

such_as acety an_al koxycarbonyl group, for
h%%?%%? 3"%‘@3?0%95&4?0 hyhiche ah odigaasadonlydvepris a gas to gas heat
oxycar gro
e}f{égiréheégan'p epso%)\fxll %&e&? gy txqggigrs cg;sg&ﬁ ép% Hzg'@f:r 142 to

heatahqnimommgzamtreaﬁh &n ﬂﬁmraieﬁt&mmdlﬁl@ﬂtd kHid ﬁaﬁmg%u&m&duces the
babove rotectlng rou s _hecessarily vary withth

CHST ¥E 288 omnsTaese ﬂéo obiE: inrsiesly state megdanyl e, an acyl
group such as an alkanoyl or al koxycar bonyl group or

an aroyl group may be renoved for exanple, by

hydrol ysis with a suitable base such as an al kal

nmetal hydroxide, for exanple lithiumor sodium

hydroxide Alternatlvely an acyl group. such as a




Dorset, UK, 160nM, gl ucose-6-phosphate (Roche
Di agnostics, ImM, NADPH (Sigma, Pool e, Dorset,

WO @0aNF3213)1 ucose- 6- phosphat e dehydr ogenase ( RoREEGB2007/004156
Di agnostics, 12.5ng/m ), EDTA (Sigma, Poole, Dorset,
UK, I'mM, assay buffer (K2ZHPO4/ KH2PO4, 100mM) pH 7.5,
recombi nant 11bHSD 1 [using B& appropriate dilution to
give a viable assay w ndow - an exanple of a SUI tabl e
ilution may be 1 in 1000 dilution of stock enzyne]
gp &901@%%%66 sbgspireandhen passepioathe fuglesedl sk Eﬁ&at/@_ra condenser

hég;e)éﬁa@pe? gltﬁs v@%éeggh% ?‘I ipef: O}MEF %T{Jﬂ) detd Qg n*)f af tdriftrature as

r@b@fmw rpetmbﬂlec(oa@o°d: pjutJSpre&mhngahemecmg{dns of (IXLSiBG) ogiven the
D2) . of anti-cortisol ptate_ was then
el&‘ﬁﬁpmtadﬁ@p@%ra@éea@ot aﬁaolﬂrrgc%a@@w# Be heavrﬁaf@h@lgﬁi heat transfer

o cav B RS ORER Man® RORIRBAE (6 P Frer o

rdenversthe wajpdr abetained deéthin fhla&amed affegawa’sea:dn end hared rd%aover the

R RIIF e Al Y PRER SHEtEgn NS, DSAP TG B o fesigs trongh

the Bkt 1) r@fonﬁ%épfsteﬁ&%‘é&%r {3 Q:_rn?anl ‘ﬁi’l{h'éﬁtlmgoﬁmt 140 before
Bi ol ogi cal’ Chem stTy, 6, No 25, rpl6653 -

e@enpg tradBreb el heat pecr@s'aryt cqndmsnt hent exylpmgm 134, bhba\ftqrthe burner

S refera ess t
w36 Sl Rt PRmpS CithinRl G EkGhO0s HoeSR GrdRPa dpiiid in the
bEORPAINES: 15’%5@&&@@”{@ ghabl e di splays % nhibition of
hurmn 11-bHSD at a test concentratl on of 30mMM of
npound: The conpounds:

Tp@ %91 qell[Igat wamimcande}nsg)ﬂ leeat becheygorph24i anbe aydap b6 pignid heat
3-
e}{‘%?% 1&{@1 gv%ll tg ac| FB%gg g%%e) mgdlals} ng%?inﬁhe opposing side of

tHe Iyda) sydhaﬂ%ma i highferri-gdad) Sdch ¥ hledasRld, 6n BRiHedheri®¥diment,
achi eve 50% i nhibition of the enzyne at |ess than or

vy drong @ thome sprsnbitaoulthdltamativelydreaiemta qopliig radésdor in a car or

K {’%%W?og % 5SS e EAF o RAREN N i arppged suh ghat the

cenideglydt¢ aae tolecaandl dadh fiexethe 3% ex’a;hmiget I @8 bafileoh nﬁrequlred when
assay, .but in_a subsequent 3 assays di.d not and henc
Hi%maqu@r B aPRLgAten arheas mMeyEBERt i§ADCHEAIR, n@ﬁtheéhexchﬁnger 124 is

d@%%b ré&b@m} tion does not relate to 2-[(3S)-I
?% adamant yl car banoyl ) pyri di n-2-yl ] -

3 p| peridyl]acetic acid. The oral bioavailability of

Thbhéeaonpofisrdduid thdt Hesds nive flel o8l hByt Beovees t@illeAser heat exchanger

foll ows: term nation of Biogavailahility in PK

12 g eals fé\a rgeatsetigbdha Hlaws a%ﬂt?uén@eaqffgﬁ@m@ienser heat
I

ok AL HE RO I PLIe LB R KPR iR cal

héaZtO(egd)‘)er&rO@ndaisan héut evkoBangen. 125, caf). be tHe, sde 8nit4yittba common

6,..8 a 2 ost dose for. bo routes an S
R 65 dalis PG L SSERpTES. et (6 heat transfer
fRNEBYIS B6b1aRe RIS WSS MY ANREGS révEAIRRAERImMA dft&‘[@?m%f latent

di stribution, bioavailability, fraction absorbed etc.)
hgate amhh@meaqo@delbytesframdhc an@ic ofigas o&lcbsamragraggemaﬁl ie discussed

E T K T R IA I PR —

aRh@PAr GthérOliead trafif@SMEds 3uBh 88 ofl OlidiaWoR Gasdol®t&frigerants, liquid or
conmpound or cassette d05|ng of project conmpounds to

BatrupRickp SE piB 6T thediewpeldiatsodiesisedier y DVPK.  Anal ysi s by
open access (LC- M5/ M5) or manual approaches (LC-MS) is
descri bed. Contents 1. Materials 2. Ceneric Extraction
Met hod 3. Exanple Sanple List Using Ceneric Plate
Layout 4. Open Access Batch Subm ssion and System
Checks 5. Acceptance Criteria for Batch Pass 1.

Materi al s Sol vents: Methanol, acetonitrile and DVSO
Water: Purified or HPLC grade Im shall ow 96-wel |

pI ates (P eppendorf tubes 2n1 deep wel |l 96-wel |l plat es

e o ~ — . .=



14. Transfer [ OQul of the supernatant to the wells of
a 2m 96-well plate (see follow ng plate map). Care
W@ b@alsB2be t aken not to disturb the pellet. 15PCHGH2007/004156
1.5m of 50:50 Methanol: Water into the [ast well. 16.
For analysis on triple quad systens: add 400ul water
(HPLC grade) to each sanple.1%ently mx. 17. Add | OQul
of the 100, 000ng/ mM stock _of each. of_the.standard
Iy gy el tematiYe oodapenty g deafn araag%ar §B’6€| QWingy .%12\%%? tpe heat
er?ffx@%&s %4;,' 19k&L BRldeAbL AR AB%AE vicleath hiktleREKanwel 124( $B®and the flow
pl'at® map)’. These arefor conpound tuning (denoted on )
volmep taachnieat exchengee 184) 126 anshntrdledr-6ir ingtanopgiagsivaly or via a

| atfor tems: add | OQul water (HPL rade) .t
Bty oGO RSB ERSP. (o1 8PN B Pty S Fogbtsd e 2ihanger
cf:sl‘cﬁ%‘%gsiﬁ& NMPRURCh1&Ohdsk ARFeP e 8Berd €dSto0Be nldral 6@et] or to the

of the 50,000ng/ M standard solutions to 900ul .
tivamel Youd; ior Gasthst thermidswansfs| Yyt o Aoj ths Imag saiesiiqrodeee. The

calibratipon and sanpl es; : t '
BBl R R i g Bl SRR Sp A e
fedl Qs Wstdm be nahusHedcombkdiltgt kad poeer)ussisim of tri-generation

compounds present. 1. Add 10Qul of each |ng/ m_. stock
syserni sush 25 dhad pavaded by a fan sarap gAY BYICI S FiffRe e sHch as an area

| hel t .
TP AP k2 Sl Bk o R 01 i, o
flap] @frssalellittGuethen/@)an aZcrdfi sukfaceases where PK sanpl es

exceed the Upper limt of Quantification (ULOQ . 1.

Prepare a further calibration_curve_and gp sa[%{?ﬁs gg
Thsevadgnsetisgiom the eopdenser hyah pxghapgces i 128 1§c0 = ed to the
c%ﬁ&inggesgqml:t?&l M}&t }15@( GREL: hh&nmne?éd, ’%ansg&ﬁ UQRditioned and

control” pl'asim to these sanples to yield a“fina
spiréd imtheadondensafiorbGuter sivbdge tankn b5 @ raafly tireusdi dsuwatemfor the steam

made, 4 . Transfer 50ul of  al|l remaining PK sanples.
generpios 439 o1 theyburpsrpeiognediiisldfpl es and extract al
sanpl es as descri bed above, (steps 8 - 16) Note: Upper

nLE - C I :
SO MO S0 Bl G NEAD St
tBatdfoming prafess. HthidHRd G es pndnaancalintiBate Guiisgure embodiments, the need

IbBeCTERL BTN O WIS G BebPSEHaR oV (Rtegape of tis

s{rgté‘ﬁééanlﬂ?%ﬁf e}%{)cg‘s‘ﬁgti% frt%cﬁlg%% 5 waldPused Hi 4B shd6X Wwhich results in

n a nmost ~o l'asma concentrations lie
snedliewprdressimyvée. gl safiening) ugliamquifanesats, ond oyverghlesice phéhe system.

L IS greater t 10ng/ m,. The follaqw n t hods
RO e e RRett A roLren Sl pop RlsdCulen B PRGIpat the water
EPeRLREDERMre AS & WHIdWnlathsAbbW theGFeeAinp edhp@itutdtd water.
I'nvention there is provided a pharnmaceutica

conposi tion, which conprises a conmpound of the
Fhesbmhesoffaas atrginademeeticibecal ¢xchangse sysitrne 20and passes though an

t hereof, as define erei npefore in _associatio i t

SRR R YV L LR IS CBT G S By e AP s fefhifhst fue
£OSROS tb @RS RErelo GndthMaRtraobB¥tehe in a form

suitable for oral use (for exanple as tablets,

| ozenges, hard or soft capsules, aqueous or oi
Butpepssan ssmisrdinsitp s, additspel ditbgretedovanderseprheat exchanger and

ranul es, rups. or elixir for topicgal,use (for . .
opeese el et bt Ge ol Hp b felB gy o
Bloudtb® BSndRhsct WS RERShMISD and i@ dREeMIEY Feindan dbestic condensing

inhal ation (for exanple as a finely divided powder or

Boiler guitel Thés wribhas a separataifviehfesd r Bhd wtearnfed penderseahpal xchanger
finely .divi )
O byFAT TS R0l Mt BoN9 8 e 100 bue

aqueous or oily solution for intravenous,
subcut aneous, intramuscul ar or intranuscul ar dosing or
as a suppository for rectal dosing). In general,
conpositions in a formsuitable for oral use are
preferred. The conpositions of the invention may be

I




contain one or nore preservatives (such as ethyl or

propyl |>-hydroxybenzoate, anti-oxidants (such as
w@s@enki2e3s aci d), col ouring agents, flavouring BOEGB2007/004156

and/ or sweetening agents (such as sucrose, saccharine

or aspartane). QG ly suspensions may be fornul ated by

suspendi ng the active ingredd®&nt in a vegetable oi

FETERCCE R I A A T

AR SrOEdMmBH B HI NS R el § Qe OMi0adN MhetiRicale®dt Behdenser heat
agent such as beeswax, hard paraffin or cetyl alcohol.

eSweaganimy bagent asseublly  60.t s ugle feedudoashnate neepaggrily require
flavouri.ng . n may_ be .added roVi | & 4.
RN, B0 R O RN

heyt dkBigmaddilidvanfop hddfoml therxi elRnty ®UsIpasidas coiheitermal store
acid. D spersible powders and granul es suitable far

ophegaload.i 8 fr additiogaleennslonsiag éh eraH 1hyeqied it fasrpdditional
eﬁ%&%@ve&? {Eﬁrf? ldtl}{e Ba?&ti?i'og s EorRfehie Svs)ggég{]?gieﬁéﬁdent but linked

spéersing or wettin
itegrard Gungr age Rbndunderdivat @ichamyee upit s raffskdsvaiditional heat output

EUTOh b IR £ W
a??ﬁ%ﬁal d%ﬂgér}s%r%n?%’ﬁe? )ffﬁg'c%ﬂ&eﬁlstﬁlgc@rsrtgé‘l gﬁ\élglgﬁteﬁﬁ'sﬁﬂable contaminant

avouring a ouring agen e present.
rdihev4l betrupao eahib eainycaibgios bt hitwess of sithler ratatech¢antamimaryts.

also be in the formof oil-in-water emul sions. The
oi ly phase may be a vegetabl e %i |, such, as (gﬂve oi |
The inlearaidcopfensenheal exghiapge) ang bprmeg gesgmbly §6f} has,iisfyyrppump or

bgérr\ﬂ ;‘??W%@@j’; 9 A {§ %gﬂﬁ &f t}érﬁitegatéd"@tﬁﬁiens%y ifkabd:@hanger

yi'ng nt's may or exanple, _ .
andthuradr| assenblyr 6 droguniee sodtonaseng via av aaptianar aigdfifter unit (not

b baRre oBEpiHHn, o toreofIgRR e GEPER of the frame
ARGV ESL fhoBydaht Yhaclidss apdnhenbhed tahdriod@s 4if 8lower with

exanpl e sorbi tan nonool eate) and condensati on products .
ofnimdlepressiuck omsasi &ln s aysthydugh the pite ethexdirpstien ok arsflow is

R R SR n R IOE kPR TR S0y P

RARBE Fith I ddagioaN theshicsiatal corveider hedtattiinger Md Burner assembly
sweet eni ng agents such as glycerol, propylen

| ycol ,
16Otk dts lownepixsaletignpuep theictitsylates éh@h@ﬁé;f/raaﬂif%ﬁ%igrf{;ﬂ? thegthermal
vat i | '
lgagﬁJt t.i;lg%a‘el sgﬁgsﬁu\é %;%}y e f[h]; g%ﬁg 9L h‘{}%eﬁpgérgnfergﬁl

: i@ H%eidrlﬂ the anode
ar naceut’i ca osi'tions nay e’ln

SO
dfhgad edndeter Aesit Bichdrget NR@ahd Bt calf heaiscoverphbat exchanger 124.

suspensi on, which may be farnul ated according.to kno
B}%@e@ ek e ffh?gm@ln OFfy ohyarisabFadigier %s‘gﬁqng r $ULfias an ra\ﬁ?ator for

i [ wet ti ng: j :
R R o Ry e 0E B Sy ne, or @
mpieparfat kapacmyieaingosyotena sudhead that ifoyrelcinatylpicab dbmestnor office
Qr suspension in a non-toxic parenterally-acceptable
HUPURASt or sol vent, for exanple a solution in
1, 3-but anedi ol . Conpositions for adm ni stration by
T %#rocﬂe Th% ‘?eq Qoﬁcf%ﬁsgrq{cf'ﬁ %ﬁ%f%ng&nm%hﬁﬁf“lassembly 160 can
pressurtsed aefosol arranged to dispense the active
opegte itidepéndentin Sonathe dnel aell egabmdontaai ryehgfilf innet| thermal demands
li vi ded sol i g of liquid droplets. Conventional aerosol

WB&H?%%%%?r%%# as vol atil efluorinated hydrocarbons
or hydrocarbons may be used and the aerosol device is

, I i . .
B DA OB, et AR ReRb PO B vidthe power
¢lertromicatundrio tthe eleetaidelr load or kfads. rSeane of Biramivear c2 bg taken to feed
Vol ume 5 of Conprehensive Medicinal Chem stry (Corw n
Hansch; Chairman of Editorial Board), Perganon Press
1990. The anount of active ingredient that is conbi ned
with one or nore excipients to produce a single dosage
formw Il necessarily vary dependi ng upon the host
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to the treatnment of cognitive disorders, such as
i nproving the cognitive ability of an individual, for
wex@spiriby i nprovenent of verbal fluency, verpel/GB2007/004156
menory or |ogical nenory, or for treatnent of mld
cognitive disorders. See for exanple W03/086410 and
references contained therei ml and Pr oceedl ngs of
Nat i onal Acadeny of Sciences % S(n to th
the7fugl eetbgystem pefvAnrqavErgents el %f ¥ &M&f nfeggimgpojer onto the
red to this refers to
10tkgl ﬁ%gfi lraﬁela:E akrrklti,!lllré ﬁgx%/er%%élfgéfiﬂ%e;lo% (ﬁ%ﬂgnset of and/or
reducing the risk of atherosclerosis - see for exanple

Ad.altExiRevé reftrhalke fed ltd:Figﬁre P08 Shovf) &( FhkureSﬂ:?HEf&:?the reformer heat
Al ternatively, where uct i

pr f an
eXHRPETtISRyS Entaved apd thﬂé%é(rqoéftg P AR %# @Pégpan?fﬁé not cooled
grt}?ealte?‘mer f a’t’%xélli1 'Bﬁt ﬁ 4 fo fauipdeoanRr &hﬁﬁﬁ to the fuel cell
i’ Sorders ccor urt er feature o
stasipestmbly 110e ’tha\ﬂaﬂm cmrduithaaﬁbe 80 picsognedéd aaomﬁ&xueﬁtapformer
produci ng an 11 bHSDI |nh ﬁeeff i n.

o BRI BRBEARE FARHFT ek b RBPBE Bcfel ol stack
aés%ﬁ@;y*ﬁruf M hgﬁnto ﬁe%{ﬁéfduﬁ%salﬁﬁf@ W eat RO whethSialldhvaniheakformer

an effective a conpound of forrmula (1), or a
mhathcsedt maitetrgtmgth@pieaan of sﬁwnqrhl@rteléﬂ mayrbezadigrad; to gllow for
r use

[ euti c. medi.Ci
theciorn e ehieey ek MR RE SCTpR 1ot Sk s S P 3 desien
aRbiBRoN §EFLreas 1P AsylivasIe ke gil 68thelsoGtbs layvutditre disclosed.
devel opnent and standardi sation of in vitro and in
vivo test systens for the evaluation of the effects of )
A mh1pﬂmﬁkad diagedfm §howinSDI heaheXChW@ty@tﬁyl ﬁqn pegainghe fieh celb system of

C R METION SRR
T'h?&' ok 'eQEhaﬁf;er@ |areb§Wn dessd hidedfihe heatrbxﬁﬁahgb&lamitlzed which

a sole therapy or may involve, in addltlon to
1pfecfpr etamitie the esedn off e Aendsaserdisat ercharges 18P wé.Flgure la, a
bst t
sﬁgg )}1% RN G %c%g{aoé;)el}l&ﬁaﬁgf Ufhﬁe i méf:%i Qe Al @ FRA ﬁell heat

be ac Iev aneous, sequentl a

r&fové@ﬂ@frﬂéreofﬁ-@m coRlensir ibea e:xfchi@1 i1pdiod IngIHé 1a and a further heat
nponents of the treatnent

t t
cameterls ob e et Sl aneous U a1
P“féggﬁhel?\%ﬂ%p LSt ﬂ\ﬁﬁ gihg e BBwa0 'Jﬁ‘fé% ﬁ‘e%t gied tid fi‘atﬁ 10 of heat

I'tors, rtlcu arly ose of the present
tanyfen fuahthrovei thmﬁfsu ﬁeattebiehafngb elewienty 2 2@ and s;évsagr@nﬂseﬁuough the

ft t t d
SPrsh ot TP IO An 2! B arRg LD RETIA o LEpbicp g forther heat
e%ﬁéﬁgla%laﬁénbﬁ@zs bl?d@ﬂﬁeqlﬁhﬂ?ﬂﬁfb@gﬂ the B @ Hehtodxch Qﬁ@nent 226; 3.

ators (for exanple repaglinide, nateglini

agthmia@md failk2l htipoughethe saemdi ket exalRnge glsAlest 22% faéllfl 4. a fourth

FERPR B RO b ey el 2R

Insulin sensitising agents including PPARg agoni sts

'fﬂeoﬁrsﬁﬂﬁﬁpﬂlcﬁv Bh@T 110t R#QR]0 MfiFPRbA k0P elemeft) 226 from a cold
Agents that suppress hepatic gl ucose output (for

maanﬁlaeﬂmmlo*tmen@]; heyt wipstiers dgwisp geenit, ndeettitsethehagcond heat

?rk%sﬁl ng%zggog%?@reraglsqo d)lﬁ 32 1?1'8164 g“tg étonrerﬁ(glafgg hé&dt %}Eétf“on device

&Qﬂﬁﬁ’t' |mtﬂr9tr!§11@ﬁs whtet ﬁnﬂe grdsymentodiaaitl The thegnal slogomight be a
reductase i nhibitors O her anti-di abeti.c agents

domegstiel iwater pRUEE 9165 rgw(ggbb@@ gg@eﬁmeg;u@g,ﬂ@tem Vanous other
%)nlté(ﬁg 3 Sﬁtscnl?é?il %]@ta%ﬁ%ﬁﬂé}' cE)'tllbﬁg Wil s P%gaggafeﬁf:ﬁp&%r skilled in

agoni inase actrvators,

thBagphoryl ase i nhibitors, fructose 1, 6 bi sphosphast ase
i nhibitors, glutam ne:fructose -6- phosphat e

am dotransferase inhibitors 8) Anti-obesity agents
(for exanple sibutramne and orlistat); 9) Anti-
dyslipi daem a agents such as, HMG CoA reductase

| nh| bitors (st atl ns, eg pr avast ati n) PPARa agonl sts

.
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MHz (unl ess otherw se stated) using perdeuterio
di nmet hyl sul foxi de (DMSO-J6) as sol vent, unl ess
wo@rhensi2se stated; peak multiplicities are shoreT/GBa®7/004156

s, singlet; d, doublet; dd, doublet of doublets; dt,
doubl et of - triplets; dm doublet of nultiplets; t,
triplet, m multiplet; br, bebad; (vii) chem ca

synbol s have their usual neanings; SI units and

synbol s are used; (viii) solvent ratios are given

Thg seavad flujdflowwath2 12 conise iy the(ﬁl%yermge@b@zﬂerew%?gz from an
|

SO oL o5 O0LSOBERY 8 Rkl Syl B e

cRAPAgE ERmRhDIRS tovdianser af dtl foelt el systains &iri axamphsas shown in Figure

lggﬁg;%gﬁlueﬁ%;lg 4 fjé%%ﬁ%éﬁ? §V1 f% o \?g} ues for

nmz are given; generally, only ions V\,hl ch indicate the

SRS 0 5P Ll e, e« s
bgﬁﬁ:l' Itcﬁﬂw?écﬁidfﬂtgf ﬂrchat(lj@t élé'x’nehtéﬂ?yhn(bdm’sras BikFaust. The fourth fluid
i met or manm de i 0
i 6 Kot STHSIS DO OB Lo R gt chgecidigiont 224 and
%gr %P-EE@ t#}; l?é‘ {1%? ﬁ'latg@taircsﬁ@ idwT bF teetibPBYAT afhd rc%ﬁamty of heat
yl'sul T oxi

e HOBt 1-hydroxybenzotriazol e
eEElﬁingé E@AGch element can be varied by sizing as appropriate, and by varying the

Y RO T BRSO BTy it PR Tire BERDE i e
fﬁﬁ@@ﬁ SRRk ed:@hiRNA LS pI@sehirh @ oMb 0B dSialiutle for instance,

bi car bonat e K3PO4 pot assi um phosphate sS4 rra nesi um
as\[ah‘xfahkeepsﬁ lpﬁat \ynlmferghmb pump @ngpnaPariable thermal ou put control device

(ilic% asggk rgéia g ﬂ%ng h ogi.ﬁ %@)t?m}lg% gﬁu&atggh@f ltra%&t fluid flows prior

tdicheriay thadfine ﬁ@z@%@é&n@&@l_ﬂ) mhme thesoiRpa hedd exchange of the two
car bonyl di i m dazol e Exanp

it @zmm@ (oe\‘/élrl%ﬂw@k%a@amﬁéh%ﬂwe’atﬁr% Bva hegt frapifer fluid.

vridin-2-vll-3-piperidvllacetic acid

Ig Punbas Bof it &b R R ONREN 'gz' RHRRY h%“%&éc%)‘l' AR 1;119 WBcoRa FREPBath 212
gu kthd B}mar Tobat @kéfﬁhg@ewﬁ?féﬁ%% hitebit o€ bxohehgtd ftdm e ghode off-
g@@tty rtlom mr rdim\@n mﬁcwe(lm %@m #long ﬁhecf%w&v@n@ Wt 2y Heat is passed
f&'n & gno%e f. gas G t%? air V\gtﬁ? W Sthed NEat '&&(ﬁa&iﬁg cRRRAPSSH. cooling the
rom a poor yso e mxture to af orange
SolebiPges ahdevaredan fheninbafost bpped thaduetost] asfenttilp. The further
butyronitri I e was_evapor at ed ynder reduced

ressH . N
Iveat @?{cfea@se rRlemenied2 2o Iid 8 £25reds tieat Sreines: qdtkges then
gt 226, whi
éé\gr i'ed éover %é@?ﬁg fFﬁa ng@ggggé%&a%?rg{aggﬁ&%% m?%lg%tcezd which
1ecagesUiteat Umlsjebrvfhudlm thefoge obivater htongdke firse flowddew path 210. The

eyt A Bl SPURT 0l SR8 Bsi Hlnl LE R B8 s o

@nﬁ@ﬁé@? dedtR@chdnlshe aR@ TP 296Gk A JatBntShdal BE Fidiohedredy @b the anode
which crystallised to give a white solid (1.44 7,

aEgps. Thehesd ragsforfnid icsamed imHEs hord enehangqat er was
added (10 nL) followed by LiOH (281 ng). The react| on

sstlrre omte eratur for hree

P65 niitoriontes Yt 30 bFSGy pAns ke it AR B2 R, o fpeond heat
&édhéngwierhaﬁ D1 QHY sdceRit hagleasl gl rirroﬁi PRGulrRr $1Pdds M dhe third fluid
The sol ution was washed with brine (10 nlL), dried over
fyeeathikd 4t hdhersgeend hptasehangep elemeat! 2amhdaralyoe gueasdenser heat
pressure to give a white solid (1.38g, 99%. 1HNMR
(400. 13 MHz, DVMSO-d6) dq.95 (3H, t), 1.1 1 (IH m,
1.26 (3H, m, 1.30 (IH m, 1.43 (IH m, 1.59 (2H
t), 1.65 - 1.72 (2H, m, 1.69 - 1.73 (IH m, 1.77
(3H, m, 1.83 - 1.85 (IHmM, 2.12 - 2.25 (2H, m, 2.71
- 2.77 (IH mM, 2.86 - 3.02 (3H m, 3.63 - 3.67 (IH,
m, 4.20 (IH d), 4.29 (IH d), 6.47 (IH d), 7.61
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t he magni tude of thermal and electrical |osses. A SOFC
itself operates by converting the energy in the fue

WO paos/0k2a3 and el ectricity using an el ect r ocherdTa&B2007/004156
process. The efficiency of that process is dependent
on several factors, including the concentration of the
fuel on the fuel side of the28uel cell, partia
pressure of oxy en on tBe air. side of the fueq cell

KRR 20870 SPRDFAABRL [ Of fuFor enfrey oy iyt off-gas. The
RPEE A for s @her GRirineg BB RAL LldBhnRNFoLRfISUTES

oxygen In the air in the electrochemtcal reaction. In
addition to the electricity generated by this _
Inaacdtﬂbmdnnmt,cths Sﬂrhtemdesleccmdéregye)ichamgeeﬂtmdltbyﬁ h?lQ4 are combined

.el ectrochemn c cess | the re f th

iBiorh VBEE B, TR RETRL SR lﬁlgnteﬁ%erﬁ’gﬁ foatiearigee unff 322 is also

185 &38R hiPihediflgB i unitN g9 fulthbie et%H&ﬁtﬂeﬁﬁ th® fﬁtﬁ@mﬁuﬁl‘ther heat
and heat needs to be renpved fromthe fuel cel

&mhmmﬁMynsﬂh@mheaﬂdgennmanedb®yﬂmhemgkehmcelI reactlon

is partly consuned keeping.the fuel cell itself and

its surrounding environment at operating tenperature,

AN 4iendBk Yntodihént! SRWERRFBIRMDY)eR firthef BMVBEhdrgeBlement
the fuel cell using the air stream and/or the fue

adhefrurtht frudd flow petlyefhBigute 2aaye epitedh thegpepens flgd|flow path being
s, not in the fuel stream and

¢%€§ rhe g@%¥nolﬁ£%néﬁﬁgw$ Yt he oxygen in the air

streant As the fuel cell does not fully consune the

U fu@ing dlfeha®y Gedbodiinéit! showie (e Fipusd 26t m@ﬂmﬂeazfexchange
renmovi ng the depl et ed fuel stream (commonly termed t

ezlmmt offfiggresda wramitted and: e distaflwid Stove aath(ie dhrensh the first beat
h ode off-gas) fromthe fuel cell active
mﬁ@fﬁrgﬂﬁ is fed to and renoved fromthe fue
ceII active area and air is fed to and renpoved from

e ARl aBehbtive binkedigdeR .shdWn a8 mlgrﬁxe 2@f bethtthy Sevneragy further
conversion by the fuel cell, a fu r ef or er may be

haat Prabenzd plemiats fof Figwe ppete bathenpisdr ttltteemlt@éltm@a fhe second
1E1dr o(x%e[ﬁ?ﬁ 1? qg%’%l%fﬁelﬂést%c%g Abuégteﬂge #i%gpéalﬂ @{(ch%ﬁéé element.

hydrogen rich streantbefore the fueI gas reached the

ugkh 68 FigurssE, Ch, 0pemat R, e eedrénte 1o edndenspembf bedmitted if no
operating tenperature often over a range of

eandpesate s gereraied bidhe eat exshangd demeiper at | ng

tenperature This effective operating tenperature is

aII S b t e qf teri.al ed in th I

R etrpRTaght il gV B SoesPBRE W fitted o Wil 4 i s
é‘aﬁﬁotﬁ&@@tc\xﬂ@dh CSBrink Qb FRSIr& Sa, Hab Gk Bﬁﬁfﬂlﬁgoeﬁigfreﬂﬂﬂtéd to with like
fuel streans may be heated to about the fuel cel

I PRACH A Etdéiﬁmabg%sreas B@ﬂw@h@nﬂ@r yit d8pnis ingetad hefgeen the anode
L
{15k SE PR LAY 8 ke TS 185 BRSO et cxchnger

B #PSdsabi rteatgtsatﬁﬁiegttpauecarmtohme cxeﬂtdde rdinlfecsit toemefel cell system
t hat the fuel cell would undergo if, a

|en

vRsHseRAt arE heatlewe agdediortie 8B rEcah, 1ot £ the pppyet ¢lgetronios heat
5&&1&?@% -PROAE fili&n. ofild é&f‘u Utfo%gl ngférgd Yhel Sir MRP affords
i 'nproved dle to |nprovea er ma a?an0|ng the ce
pddlitidrel opidensihg dxpea:cmt o the mpedeactiiiges bdngael.t 1sBet11amrsieto dhe burner
Lgf |gh %P ratln erat res, the &u streamis I

ey itisr Y GearelloSiarinio pirinnd & B mlemy I e
Elth@nitiﬂb@ afr&ht 1@056'11%@,%1%%3111{'@ e BRSEAY] FRMeP BoihsRCII may be
formthe gas streans exiting the uel cell active area
Yeedotie thenepadinghitike ofof tomsddisipnainkbal sachangeh88@. tHusther, in this
fuel and air streans entering into the fuel cel
active area. This is generally achieved by m xing the
fuel cell exhaust fuel stream (which contains chem ca
energy in the formof unused fuel) and the fuel cel
exhaust air stream and burning the resultant m x very
close to the fueI ceII stack (as shomn in U85212023
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store and/or a heat rejection device e.g. a radiator

and/ or a heat transfer device e.g. a heat punp or
w®Riosl52¢3 Engi ne. Condensi ng out of water fronP€T6B2007/004156

exhaust stream(s) e.g. either or both of the anode

of f-gas and the cathode off-gas may al so occur, for

addi tional transfer of heat. Zhe energy fromthe

ungscgd fuel r'hn tE anode off-gas may alsq be utilised

YO RSy Shet &V Qh e 1 dhe Wheerated hemer wiib1¢bismassed thiqugh the

PEPEsctibhi ' b [ f.uel. I

system | hicgﬁg%%;eﬂrzﬁazlsg %ﬁg& tgiﬁﬁe%uigﬁtg?s %:‘{e}slbes% %Fée;(ﬁ]

recei ves heat from another source (e.g. a reforner

164 b@é@?@@sg@ eystem cmlaniphigvihodnhaion S SJoaminifg shetl Bh ARditionl

xhau a e. heat generated by burning e unuse )

ﬁ“ffg FX%glggq gﬂﬁ?&b%%ﬂ&lﬁﬁgﬁsﬂpo@légreoﬁts%qr@eom#etwmgure 2a, with

theldxcetvh et ' ' ' : .

ot hod oo, B ARRRRAL et SROuRY ST AR 3 piFadd in a sightly

weflified geeand| fhsd tflovn pathudl2, efier the tfastkheat bechahgd elesientol®S, and a

st ack chavi ng, separate. anqgde a cat hode
L oy B PR B G SR o Goafinge clement 4s0.
Blapacsalte v QA coidengs, fdHBEOB0RE hbAELnO AEnd WAl & the anode
st.ack _and heat transfer fluid through a first heat
-SRufgrng thiongh thepeponshBrid dlowepath BE2.ween t he anode
of f-gas and the heat transfer fluid. In aspects of the

L B S RS R BN A SRR o o

@attisenbesine:@hafi@atioehe MRS &n8MBRNIHS dutdRs/ RERENSF the system
controllability of the fluid feeds allow for
aSEFRblY ERpOFRMithe Mipey o t ambjentr enviravewtntad telmpefatiebs Gatl as the

[ ration, and.are advant agepus
R Bl LU M P Bl Sl BR B el Bgipe pecame part of
aliilbed axhip or similadepsitibatas balewelic WareUhe.t 0 occur
i ndependently, fromat |east one of the anode off-gas
nd fromthe cathode off-gas streans to maxi m se heat
Berefpbedimeniopf this| addiionak gas-tongaselatat legelthngere 380 ris shown in

' . | he .order, an acenent.. of
Bpes, el NSIALD GRS R SRR e 10, e
the samerettrangeneheale Miasthisi enteimit, the ?oﬂv@ﬂ %ﬂﬁétﬁ?ﬁ&} heaf |e>|(changer
romthe fuel ce

1isytr‘Iprove bf{g,t.r nsfer of heat energy

A6 1CORISE By ik det theaintagrated eerdeasar burprs ohfiOnandforufodghe fuel cell
2B8hHIP 100NHRNAG Yha; Lghe fromLh
anode?and/ or the cat %aélg&i %F?E}g@%}g%aus ésa?‘rﬂglgﬂ%l 4} cobled heat
cokrnger P89 be movidestddjomdlt esolivgnhndakimes piide an additional
ete) enulst ie%% of the anode and cat hode off-gases to form

A BUrRertsP - gas) in order to capture the |atent heat
energy and to recover the condensed water for use in

HiAfe SXRbRTLARAIR - the /
rrgalgli3 nmum anount no? fﬁ%‘f@%@%‘g‘g U rEP %‘b‘% Oggaé% %%ésftl}egll%}}elwat Tecovery
cgedraserl hgatorwhrsge rlontvatsandde 626 facoagigt (eam edbotliment of the

dNis str is,, in energy terns, the npst effective
lé‘gﬁﬁ?%e%ﬁgg MBedHES Z{‘nﬂ PEHS Redkpdiaenr Indhis\ambpdiment, a
dhefeef @be 610 1 [heat i ; -

c ) ReARes?S PRG! heat RhaSsrel ﬁ%H?ﬁ%ﬁ%%ﬁg&ggnes the heat

most effective condensing process.
trepsfen {luisl. aThis fybe dishretar| aatli thigkhesatcat henshtnudusWrdaried or have
e t Ri ceur an anode off-gas, condenser heat
e RichBlec, fafun AdREF 0 eBhafcn sy 3R5 GRdnRe arvet e fns or
habadeceofehhgaing Septhagedo SHaltht Mddmmial dx8RBigY e?eth}?ments of the
i ng

Ioié\esa flen'perature heat transfer fluid (e.g. coo
CORRPRFY c PPt uPXARRgETT MBHh haseH e prrathes tapplidatighesmbcificatioy and the

ARS8 HCR B HUFTHSEL STEDIS P e ppet

pur poses of clarity, a condenser heat exchange el enent
or condenser heat exchanger is defined here as a heat
exchanger that is designed so that when it is
operating it may condense water out of one of the
streans passing through the heat exchanger unit. The

o o o o o o oy o,



may all ow a reduced heat transfer fluid circuit volune
and a smaller heat transfer fluid punp (and so

wo esosng t he fuel cell system el ectrical paraBCT/GB2007/004156
load). In addition, the required size of the therm
store and or the thermal radiator may be reduced,
whi ch may provide for a norezgonpact systemlIn an
aspect of the invention, a burner is provided for

figrher ingludesla Beroni Algid flew pathe for anadeeff Beud 1o vhighgwgies anode off
gz-arsh;g spﬁlrenc% 51*?)6? Qﬁ‘WHEsﬁ eQ&Haﬂgé ﬁ%&{]thg %ﬁ?depbf? g%@ﬁ%@ﬁ@a& transfer
ex %ange &l enent 2°1or 1 écove Ing heat from thi s burner
floid. - Dassetendicay bxtddngecl an pe dshefinditides iartied fiuahfloapeth 614 for
this y make use of the sane heat transfer fluid as
IeoRE 1h Bidaciopit 298 and gHewmeeteah EAhaRgE: alﬁgtga@aéﬁ% she g, gravster
ﬂ?ﬁpt transfer fluid my have passed through the first
anode of f-gas) heat exchange el enent before passing
t hrough the second (burner off-gas) heat exchange
IelwBEhEat wdtisedr flmdpspeekangit inhthei for@ndf ovetérsor efeeted edater, a

to as a_fuel cel]l heat recqvery heat excha r, so
refgeraphRuignee Gher gihr ek st Daws @?rpﬁglﬁ §1s_tmbe 610 from the
ﬁ{glért%%&i;r 6bb Eh&i 1118 a8Rd ?ﬁ}@ugﬁeﬁfe skbHasdIGherdtl6aid AsSthe heat transfer

eat e urt I I t

er 1n the fuel“cell heat recovery hea
flexd Aawg ¢roughhths firstyeldmers ©R6f it ebwmirbsivat endriye franvidie anode off-gas

.of f -gas cont gj ns ater proportian st eam an .
25 B Mot RLE oGP L0 bR PRt scom i
10 2030 RBRIALLY oRORIARIRS bES S R SrstVaRQsAt 5P Nint 4 present
anode off-gas, there is marginal benefit from

eatbodimpritrgmply iegrevidy floweorsnmp beaymgerunei. Aadregyeat transfer fluid

ssoci at W th e cat had ffrgas water v f n .
e T e G
tRese Mfid 163 RE B ViaRither ofhpss ivalse suffippatly cosled ket steam in
cat hode off-gas mi ght not be condensed_out. Therefore,
thor@ag Sonoerndenses s aadi ph gut RE theysgcopd |efemat (6gd, fihthe present
e t . -b . i . .
D8 eRERCE 0y H5I0Y A0 PSRRI e By ant i o b
avaideadibe @bhd@aste shayehendbiiedaarndet heryfdiight pekdurant 4 bev pressure

burner. The cat hode off-gas exiting the fuel cel )
sgeoncwanivelvet The gesce waitily fst and fgcand %nﬂﬁﬁé&%'mmg been

bRy HMkateRHstdr Qﬁﬁd,fa{ngrfhé ??at%?ﬁg Suff §X1%af§w1ng ¥een warmed

hi gher tenperature cathode offgas feed to the burner

tpdwitlsgases.n mai ntai ni ng a hi gh burner tenperature. This

feature allows the oxidant feed for the burner to be

i_nput w thout, being heated, whjch ans fhat there i.s.

Thsr BVQ 138 FREPLV g FegoTa VRl 2 ket fher et e ivaiEey ?@gge joined, for
' A ST BN hStdR {Wedhe % , o this tube 610

e\gg@ﬁ@?eﬁhﬁ@pﬁﬁ?ﬁ‘%ﬁ ar, %Josg‘?i?nati on” of %1 rcgﬁlglt?vgl ys : ©

Using siatpéer coraping rundts vitn siniyda tfeedxinheandgad canoebdions.fSughsa type of

feed.into ége burner wi.th relative

|y .high .
a8 Y Ry @élyﬁlga%eo&‘sflpgtggt 136 XLy tswgplgll}gn mstryct as it has few

RBRIALRs 2ind chh Heehabe MRRLACHIE], P thitadcedBy using hﬁdro—forming
endothermc reforner unit thermally connected to the

iyocasess, ok gas nsadee Somc dewisestopleelatr ean et Fradily sized for differing
addi ti onal ,heat Jnput. Such an arsange . n
ritbeiel® Bl oA nal P AR PR o nd votume,
Ha®frr T8 mpld) PleRibid bér@iakterfedeh tilgRplrY pbSiohe ek eﬂardpﬁléé 6fsuitable
at tenperature operation of the reformer and/or the

heaberohengeseiTe fetterapedagrachined pe cighestiplatsrieaberchangsy shsll and tube
] X ' ond heat exchanger

1#§§&%%&%%%§?%Eﬁﬁ%g?%?%h%ﬁE*Bﬂ%ﬁ%?agﬁd cool the cathode

of f-gas before it is burned. An additional heat

exchanger may be provi ded between the fuel cell stack

produci ng the cathode off-gas, and the burner. In an

aspect of the invention, the burner off-gas may be

passed t hrough anot her heat exchange el enent, before

it reaches the second heat exchange unit, which may

occur for simlar reasons to passing the anode off-gas
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exchange el enments, and hence the anobunt of energy

avai l able to be fed back into the system and also the
waelegsos320f§ condensi ng that can be achi eved. | nPEI/&€82000j004156

according to an aspect of the invention of at |east

two heat exchange el enents, these can be conbined into

the sane unit, thus providingsa nore cost effectlve

and efficient unit. Further, where there are reduce
It legibadizeenie dedcohed abovephest pax: bagirayjdehata th &Fﬁléﬁﬂ system by
e
SR BT P 58 ASPE el comes
diRatse@bowd) Ot SApiEth Iﬁ@nbéaﬁseﬁﬁﬂ)r\mhﬂnptmﬁ)e fildh@nll gpstem start-up
heat transfer fluid. For exanpl e, sone of the heat

frqm pellefro e proteeinn srndsnBEAD 87PIARICS OF 91 Fenneguierpigetion of the

f[lé’iel)elf @#IAte Y G fa 't;’elg SHRRY 4 nfagdnﬂrﬂl?era%%ﬁ Ofor h&%}nple with
rans i's partially controlled by t ow of

réfasdnce WhFLghra B, bylrexbysmg‘l’é)ealplpbmmﬁ tbe blaoweed 72 and taking i 111 air via

equi rement s nd al so troII flo rate o
the, ExanRaputes gnd cacses fag ﬁ%/ar @mnﬁw @%Héﬁ i8tefling heat
b M R d %nlﬁ‘)r Lé”@lehﬂalast&"éeémmé&s% @tmg{h/r reh@a®ire than the air
system The heat transfer fluids used Can be varied
eatedingltbe perausl Fhnc thednebnhisges isl ésatqhami pashiesl inggverse through the

cha be deter ned _in t he heat

SRERCREECR Fupl g rerLeveens,dr POMenBioniBel BB wigyip pho fuc
®fl dyBemh&ath bhaRtoalmddt Uintlaht BeCided lfor egngsie il ah RAlonerive APU

watér either in a closed circulation system or an open

applieationt v&wresﬁ@tl@qﬁ tiapsfer flaidapans pickoip asanipea the diet &Htomotwe
sSor Q hj f eI
SPGB 5550y o) DR TR TP g o
ﬁl@lrﬂhﬁf@’éﬂéﬁﬁeﬁauﬂ pedyEbd PRefrotheréssehe egdihd sghauist driv@en from the
fuel cell stack rra¥ be between 1Q00C- 1| OO0C5
PBIC- Hows sEPam et %merthnegg%@t%‘cw cqqtreuously whilst the fuel
I \% S I
IUETI0 4 bt k) b TRVESITP SlespETh e y coran
mb@tdrad enhditions $uchrmaniered emoditioas copldr eicgudbywhe:y tlm‘ fuel cell

exanple, with ref er ence to the acconpan o

ﬁYﬁtem‘rFeéfFPermLﬁr@Pq @logfhwsﬂ%nftﬁepere@rr V@gﬁ “r 5°C for
t .

%&nag S g‘?ﬂrree&%%rﬁ Flet ue&i)b%\t}f(’el ﬁ%?%lﬁ&ﬁ I gure ﬁg%wsd te%lﬁ&ature difference

betweat the fuefcetlvgstsmsdnginths hmmperatnreFofghe enviagnnkeng (foe condensation
shows a varr at i (3n of the system shown in Figure I|a,
erﬁtl%fh 91 $@PPiY)i ve reformate flow path to the fuel
cell stack assenbly omtting the refor mer cool er heat
X 28 t
e R L A L S R
¢lecttibed dowedr i aivdulﬁiestoeﬂaesfmel/\nell Hys?e'erg wwhenl tha foel d¢dbl; system is not

Fi gure sho er native t exch e
%r@&%w&?ﬁgﬁwp & 1By a ok cappcgt ﬁ<§ FS Gp & %@‘ﬁr devige. Bven
&BQ%‘? 1N RlN EL %Bléécﬁ%rn@tﬂo\f tal%ﬁh% eﬁl@W FBLRIES unit 174 may be

according to an od |rren ‘he invention; Figure 2d
pdvoewsd &nm tthe po:aiec@dmmcrxml hewier soxtshdngewdsys suffipient heat energy to

nt_of th
05 4R e B AFTIBE) RPn b0 of NP Pk e e
e&ﬁa@gw €123y &t BERtARE qLEl BB btfead) gAh@AHEERInHRHIkAR, the heat thus
i nvention; Figure 4 shows a heat exchange systemfo
gensrater bythernosier gleprromyetséﬁ@%ro Iratjthe airirculagagy fhr(slgh the fuel cell

§é§§'cm§ #S’ th%'bgg&z”a“ orgi 8P r%%rlt c%}éﬁéon%g%r{‘ii{ 3 Bgﬁgofhtﬁ@tfuel cell

m’seenwrlemtheagy@teﬂ 1gu6einﬁ>psfmm conbi ned first and
second heat exchange el ements according to an

enbodi nent of the invention. Detail ed Description of
Enbodi ments of the Invention Figure | a shows a fuel
cell system 100 including a heat exchange system 120
according to an enbodi ment of the invention. The fue
cell system 100 includes a fuel cell stack assenbly
110 and a heat exchange systen1120 The fuel ceI
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The tenperature of the air |eaving the air heater heat

exchanger unit 122 under nornmal operating conditions
wowdos/osave i ncreased. However, the air tenper apC¥/6BR®7/004156

further increased up to the tenperature required for

the fuel cell stack air inlet tenperature. The inlet

air tenperature of the fuel gpll stack is

control l able. This can be achi eved as descri bed

bel

I h furtben ebedimenteaf; thegnyention; eithee g dothh eﬁtheeﬁeha%é?cond heat
it 12 flo 0 t

oKshag SRl AR M Rl il S B SERE i, 1n a

eﬁb@dﬂﬁﬁt etheh@sigre € hacty ar hebd Aransfer sxdhdnge bciemmt h]l(’a)ws through

incomng air supply tenp§¥ature to_close to or

pawsagkoberheet Fansfenfyad atty @ 1g3st f¥p hgatrash ara%e%oagﬁ designed such
t t |

5975 DEA bl A0S O 8 4 58 B i v

tltretfme fitat Un esnothee Gmibodivhadh] theafirst k:ilmcbékm'sv‘dirmeghlm, heat transfer

cxEHBEF EUFTHem and b e oBo o B S8, et g Rt Fchphee Rids cach
cEXENBROLPAR IthrohSh lﬁﬁté‘ﬁno@ééﬁs 1h|'ﬂl§a Bdak ei@c!l‘féﬁ_r%sgéléﬁieﬂteﬁi that they

exchanger but befo he fuel st ack air
dbyngtassxvalli spitwdgoents dhe \ihmwfm@ {ifferamit shegly -cpelamge fluids is

[in cont LI tenperature by
© tii‘i’el}?é?et ﬁ%"%@’vﬁlﬁ@ Ignpy att%gielgﬂ;raﬁefse heati ng heat
exchanger outlet air ahead of the air entering the

fuel cell stack by controlling the volume of air_that
Thy- praswesnveniioanhas| besnndasPilecdentishi MEnvay ofexample, and various

PR 0 A P ey b b

arth el uﬁezsnoa fotra phrt WP tHeunveariod A4 gethdti veith thieir eybivalensent
enbodi nent, is supplied with fuel fromthe sanme source

as the fuel cell systemfuel suppl t hough in ot her
anersdtheeennsextt cleaslyl indinates rotheradses .tg%quﬁé%t BOPETedWheQRpTises”,
£d h ai: [ t
&)Igpﬂ%lg elan(%gha figs g alli,]giﬁ beer T%%ét%ﬁqg épﬁ&ld&t}e Bfhefifan exhaustive
sehdeddrBieaRfRSof ‘it Iyid, IthJil(&I’hmltdd tbd operative during
start-up of the fuel cell system 100, when the air
heater unit heat exchanger 122 is not: producing
190teloiedsystimat to heat the inconming air to the
enperature. The start-up burner 144
]q%%h&f%g %%ggg%ﬁﬁﬁirlng sudden changes in | oad, e.g.
Maeméﬁ@ﬁa@gtmnfequi red fromthe fuel cell stack
assenbly 110 is |ncreased requi ring an increased
138 Qég heghaxeh AearBitof the fuel cell stack asserrbly
T I
R e B B B e e uel
]Qélwoééaﬂgaas&eimmthﬁt(bxohnﬂgbe air side (the cathode
Si %e), {Qo the .fuel cell cathode side active area
IPPPURHECOEREREEt ed air streamflows to the fuel cel
]%QQQ#HQJY side 112, crossing over the cathode areas of
the tuel cell stack, undergoi ng oxygen depletion, and
lpi3i4crlcfangleup heat fromthe cathode side 112 of the fuel
élYe area and the surroundi ng environnent and
r$%@g S ™€ end of the fuel cell cathode active
Bysa@fokddr hé¢hexaowggartial ly oxygen depleted air stream
is termed cathode off-gas with a tenperature of around
Eﬁbﬂ%%@gﬂkiﬁ@rcathode of f-gas, once it has passed
cell stack assenbly 110 does not
%ernagg ﬁ ﬁn%Hﬁ],l[t) ine with the anode off-gas as in
mzeaupn&efateelhe@telxbh@gsﬁ ens, but instead the cathode
of f-gas exiting the fuel cell passes directly into a
burner 132 in the burner/reformer unit 130. The fuel
feed side will now be described. Ih the present
enbodi ment, the fuel is a hydrocarbon containing fuel,
for exanple, either bottled gas (such as LPG or piped
gas, such as natural ~gas or town gas. Al ternatively,

I e




design. Further, the use of a punp overcones
back- pressure issues that mght arise as a result of
w@e@ssses drops in the flow path downstream of P€TI6B2007/004156
burner 132. However, if a sul phur tolerant burner is
used, then desul phurised fuel is not a specific
requi renent. In the enbodi nepg shown in Figure la, the
remai M ng fuel is fed, via an optional non return
I¢hktag-yionghown) , to a steam fuel gas mixer 136 and
eam r [ re it mxes wwth steam The
1?@%%#%?%%3%%%%%%?%@% fed fuel is raised to
158 dt400C coadarer lidat ervhetger and irnermserislygt exchanger
138, in which the fuel stream picks up tenperature
1ff2 8mbAOWET or mat e stream passing fromthe reformer 134

[ LSi.Ng the fuel streamtenperature
1?gb§%?§§%%%éﬁ%g?%&?§éegasses into the fuel reformer
1884ir bikease nekddtiecontml velaet i on of a catal yst provi ded
in the rieforrrer 134 for the reformati on process has
182 bp-736811%¢ om t he burner 132 output that passes

I : rmer 134. The now reforned fuel
zt(lrhg?mggl)%v%%fﬂ?s the reformer 134 at between 500- 750C
Xéfsecandiflnip flowematlback t hrough the ot her side of the

ﬂg&géﬂg{ at _exchanger 138 to transfer sone of its
Tt SV PA i ncoming fuel gas. The reforner heat

A6ahaR9anidii&y aag the fuel reformer 134 may be a
single unit. Further, the burner 132 may be in the
Xarforther heabexchprseraddmenter 134 and ref ornmer heat
changger 8. hi er enbodi ment, shown in Figure
¢ ?{glehvﬁ#%hmfﬂgéeo%%g%% se the same as that descri bed
W6t fivst lefaceamared leme@ur e 1a, the remaining fuel is
fed, via an optional non return valve (not shown), to

3R0M4%0-additinar! Tees exshenge elgBotyhere it mxes with steam
' fii odi nent. The tenperature of the

S eég?gr#dé@m}i%ﬁh%ﬂ?ai sed to 120-400C i n the enbodi nent
&lgofifth flnidMilgupethl b, before it enters the reforner heat

exchanger 138, in [ the fuel stream picks up

@%@P%WIQWBWPEQG‘EE?%FWE?& ream passi ng fromthe

gﬁfﬁgggﬁrsﬂﬁﬁdﬂc@{b?étﬁy the fuel streamtenperature to
50C before |

350-6 passes into the fuel refornmer 134.
612 tchendfibiddiavepsthshown -in Figure Ib, the reaction is
ggf%$ 3¥i rat her than endotherm c, by reaction of a
@ m%ﬂ&yilﬁl in the reformer 134. In the
§70RAt BRAfenshown in Figure | b, the reformation process
is self-sustaining. Therefore, in this enbodi nment,
pasecordebomieat bur ner of f-gas is not required, and the
burner off-gas does not feed through the refornmer 134.
The now refornmed fuel (reformate) exits the reforner
134 at between 500- 750C before it passes back through
the other side of the reformer heat exchanger 138 to
transfer some of its heat to heat the incom ng fue
gas. The reforner heat exchanger 138 and the fue
reformer 134 nay be a single unit. Further, the burner
132 may not be in the same unit as the reformer 134
and refornmer heat exchanger 138. The burner off-gas
streammay feed fromthe burner 132 to the steanifue
gas m xer 136. Returning nowto Figure la, the
reformate gas | eaves the reforner heat exchanger 138
at around 350-550C before it enters the fuel cel
stack assenbly 110 on the fuel side 114. The reformate
passes through the anode side fuel cell active area
114, passing overthe anode sides of the fuel cells in
the fuel cell stack, undergoing exothermc
el ectrochem cal reactions to pick up oxygen ions that
have cone across the fuel cell assenbly fromthe air
on the cathode side, produce electricity and rel ease
heat. These oxygen ions conbine with the hydrogen in

" . e
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stream which is a continuation of the cathode off gas
stream The burner off-gas streamthen feeds directly
wao eooslss21ef ormer 134 in the enbodi nent shown i PCHGH008/004156
la, to thermally bal ance the fuel feed endothermc
reformer reaction via the reforner heat exchanger 134
to heat up the reformer 134.29The burner off-gas stream
| eaves the reforner at 580-720C. The burner 132 and
reformer 134 maybe part of the same unit. As di scussed
qy%ﬂﬁgzin t he enbodi mrent shown in Figure Ib, the
urner off-gas does not pass through the refornmer 134.
In both enbodi ments shown in Figures | a and Ib, the
1bur néy methbd gé slt&ingethetdnirrutireeds it gased editmsit leaseorsd fahoell

enerator 139, where the heat energy is partiall ~
stapky iag @lpastiong alehcq%le%%cké;@aﬁlgﬁwéﬁﬁ@pa%mfdoc%@% ot gps flow
p&ﬁQQF@hﬁﬂﬁhﬁﬁﬂg%@ﬂ%éfeeds into the fuel streamthat
e reforimer

supplies th 134. The water for the steam
genepatsorg separstecmede off-gab &ovothd ehkastionn furd cell stetloaraigas least

tank 150.. The rner aff-gas |.eaves. the, stea

opRer Fgiten S5 aoBE o et 198 G ESBEE STt R g teppeteen
tIRPRI8L bitthas ahd itld 2 MhstdneliRa: SMsF@Muidthe st eam

generator 139 and steanm fuel gas m xer 136 nmay be
conbipassing the aepsiraie prodernitf-gasTiem the first hepg exchaagorlemprt to a
refo%nerulsg may al so be provided in the same single

uni t "UH5& Blr ner of f-gas then passes through the

St ar faskhdUE BESarad datBodt GELaSExitiNethaiat lqsteiedidrceh etk into
exchange unit 142 (which, as discussed above, is a gas
sgig byarheat exchanger) where some of the heat energy
transfers across the heat exchanger 142 to heat the

I nconj ng.,ai,r._strea n_the. presen di_nent '

“hoat PhECRE R a0 b o NBie AR G BgRtt Fiiss slibgooots
thPanbide oBOLH Gnll Mesk aadY 1GbiEdR H¥adeankhe fioad! ed bur ner

of f-gas stream then passes to the fuel cell heat

recovery condenser heat exchanger 124, where the
3t enpéh method aceordimgppettimd as, fstiencorBppanrgt ure as

r easqnab] ossi bl 0-80 ut, preferably i.n t i
Feqr ongs vBARRR AR e RS RRRD LA o b et gffsees
200 Qadshes emdrioTg gaapdahd » 16dst biehda atndxcidd gadugieatecond heat

transfer fluid. At these tenperatures, burner off-gas -

exelage elsAvehis; srghangs heeidiwiwean the bamer offreat gdbihe phisast one heat
Eﬁgﬂﬁﬁntained wi thin the burner off-gas stream and
ence recover the associated | atent heat of

evaporation energy. Thus, the cathode off-gas passes

4 hr oughettod dousrdiis td 3Bimrehhersi theIdconsittRaneganekalétent cools
139 and air preheating unit 140 before_entering the

theeymerff-gpeand heatsdhe pileesh Are hesd frapeek ledchanger 124,
but after the burner unit the cathode off-gas has
onmbi ped with the anode off - n n._bur .0
o nel i ey PR SHPRL B RpOREBuR BRLR St from
th€kdcoh®Béat EREAVEE YlefRACONBRKhABAt exchanger 124 may be
a gas to liquid heat exchanger, with a high thernal

ener%é st orage nedi um bei ng on the opposing side of
& he Heatethodoisaergans toslaime ., Bt dewherein ¢pagensaieciory the burner off-

e o T A

cooling radiator in a car or a ground source heat punp
system The heat exchanger 124 is arranged such that

t he condensate can collect and drain fromthe heat
exchanger, via baffles if required when nounted for an
appl i cati on where novenent is uncertain. The heat
exchanger 124 is described in nore detail below The
heat transfer fluid mat feeds the fuel cell heat
recovery condenser heat exchanger 124 can al so be the
same as that that flows via the anode of f-gas
condenser heat exchanger 126. Thus the anode off-gas
condenser heat exchanger 126 and the fuel cell heat

o o o o o o



In the present enbodi nent, an additional integrated
condenser heat exchanger and burner assenbly 160 is

w0 p@eopint ed in the system Such a unit is siPCT/&@B2G00/004156
an integrated condenser heat exchanger and burner
assenbly found in donestic condensing boiler units.
This unit has a separate fueB0feed. The integrated

condenser. heat exchanger .and burner assenbly 160 can
Tun ihERERARSARIIAPEIP et Airs i 0. vdpeeie ﬁffel%eor@fheat exchange
ISR ANRE ¥ Heli Rardshe RATErS VS8 W&V &L PRom R MGt heat
controlled by the control electronics that are conmon
exchdnge lelenfemt.f uel cell system 100 and the integrated
condenser heat exchanger and burner assenbly 160. The

uel feed does not necessarily require .
thosul DRI O SARIAPT EBHIBHN e det easun i hpisin
c{pﬂ&erfsﬂt%! frfRthe aHENo A8 b &Rl anli @Rty 8 e hAihe %stcﬂﬁlé%hange

or additional thermal energy to be provided to t
diémental store or heat |oad, and for additiona
condensing to occur if required either for additiona

energy recovery or for the provjsion of, condensed

Yot erA THNERELERAIE 1B R PISSRUAE BV ATEH Barrer qrghest
SERARRBIRAI ReAbsBENRAESuptdniprishat wald: %%@Q@ b0 RR-freeze
heat “out put 1 ndependent of the fuel cell. This

flndepixeddvidsafidl aridonml heat exchanger can al so supply
addi ti onal condensing water if the condensing system

i ncludes a suitabl e contam nant. renoyal ., set-up.to

1 .r%l;,mi%ﬂcﬁﬁmg_ oK PrUEE 610G WhFEIn e ikt Bge oxchange
GARLATRARL 3 pldhtty JHhes Bhedr gefidenser heat exchanger
and burner assenbly 160 has its own punp or blower fed

air supply. The air is supplied to the integrated
dondeAsgathdieatoexghandgm ldn drther nempassg irdleyentiéitly carinolling

he enyj.ronnent vj n tional. ajr filte ni not
gt ot B oh ety RepREnsir s paptiniboheat PYphgilg or fom
e LERYIhed: pak he frame surrounding the system The
air is drawn through the unit to the air blower wth

m nimal pressure | osses. On its way through the unit,

if the diyection.of air flowis.controlled, the air.
o' oR R dea it ook ardcfink S8 Ren otoorlsif fsbioe e
deParatel dno8OFESzak Ehr6@IH BAkthet hdht exdhapslélbment befdie it is received by
|ntegrated condenser heat exchanger and burner

the gt exelpanga slement, dhfugtheichaehex dangasipmenfprchanging heat

| I t f | uid fromthe thernal
‘%%ﬁ%*g?g?ﬁg%ﬁg?g§?%¥%{ﬁ¥ﬁpﬁﬁﬁ§y be the sane as the

heat transfer fluid used in the anode off-gas
ondeasedthdieacoe@ngdn 12 eamethéeht €&hhndeadment cooling the
recovery heat exchanger 124. The | oad can be a thermal
08¢ effpgas anwarmingdhaflew oddlyidhbl y such as an radi at or
for autonotive applications, a radiator for shipping

nt aj ner.. heat i or coolinhg,.,0r.a radi ator r..a
B nc A e B LbR Ol S8R 28 1o Rl He of Bligdito the further
laneshbezedlerédtic £ st dfahiheas sidé Fecdtas, WiE¥h E4iBode side feed gas
i nt egrat ed condenser heat exchanger and burner

BN agers dhantdenst ercelup @ne ety aothe cafBodeelf-gas.

cell system 100 and yet still neet thermal dermands

om jhe. source or load. The. electricit roduced
Phe AR e fooGiia oaB anssRfim i, Yhileh Pk SPHE s lpperatore
&1 RE ilePBIICE bRl dent1@0td enel BIPCI 250°d AAK50PC) GaBHoC SRAB50°C.
of this power can be taken to feedthe fuel cell system
power requirenents either directly or by feedi ng power
onto the load grid and taking power back off the | oad
grid. An alternative reformate feed to Figure | ais
shown in Figure Ic. Here the reforner heat exchanger
138 is renoved and thus by doing so the output of the
reformer is not cooled by the refornmer heat exchanger,
but flows via at |l east one fluid conduit to the fue
cell stack assenbly 110. The fluid conduit may be so
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relative flowrates of the two fluids and/or the entry

tenperature of the heat transfer fluid to the first
wheas/osechanger. An exanpl e of such control coRETIGB2007/004156

i nclude, for instance, a variable speed heat transfer

fluid punp and/or a variable thermal output contro

devi ce (such as a radiator andlfan unit in a car)

11 OUGh o8 RoddREinBER E1aldh B3 fsCbr éﬂytemni Ao trdfechOwherein

entering the first heat exchahger “unit). Further, the

cortakéd Welat isesghidgad afed fogefonn fuelitteford #dent2@thedae] chl(s).

varied by changing the flow rate of the heat transfer

fluid. Ln operation, hat. anode off-gas flows fromthe
fldel &h@laﬁbﬁé@t%é%@%ﬁ& fluid path 212 through the

furt hef 1 h8ahe X Ramgacieh 8B ep: ot aﬂd%lcﬁ%?%ggﬂ)? How of

fromthe anode offgas to the air drawn I1n to
syuedeandadathode pffegabenmesgectivelyd path 216. Heat is passed

fromthe anode off-gas to th jr in the further h
exchargEsdBHE L s TReb P WY o oty eiogF e Y tas been
Watpit Bent e aflesst BRE Alek céll stBdK Aode biegdsatietC el first heat exchange
assenbly. The further heat exchange el enment 222 is a

Glesnegaforeaehangingthwaigestweentibe anetteolbtts Gom thtvafrieast one fuel cell
[ th [ ath 212 to the first
%%g a@x%ﬁf%g%&eng%%ﬁigégggﬂ&kggﬁdPeceives heat

t r ansfagyurddr gbkiguted toeretdivdraf contind arde g %ﬂ%xithfg&he first heat
fluid flow path 210. The anode off@%as is further
|

EBehasge plymeniand; qathodp e gas e iingde & leasbame ipheellgiackipnd
[ r, and so renoves | atent
ﬁgg?u%% gg?@%d2§€$6§é??§g%$he anode of f-gas. The heat
transfer fluid is wanned in this heat exchange. The
Néat tA arbéal sybleti sbcbiiy PasEas] Avareeil ie frstisht ddcinthe
path 210 tQ the second heat exchange el enent 224 and
CEEEN BLopBgired fosep) the anede RE-g58y fﬁ’%rheé‘f the §aad trapsfenguid.
third fluid fl ow path 214. The second heat exchange
emeny 4 : enser changer. and so
e S R S
bbinggasredidieg ieaipetatiap sdreperitutd of theblimed her warmed in
this heat exchange process. hi an enbodi nent, the

first and second heat exchange el ements 226, 224 are
28nbi Heliel ellosyatest argpulingiorany|of clpims i 7 ke t, dwiterdicomptising a

r . Q .

SRS RSA AL 0ARGH) R8s fpia s b ot
eabidinBabyme) éhd detcsid lesad etdhbh fedlesttfoschanges heit bstween the
§26 ang. 222 are _incorporated into a single unit. In an
Piner Alrgas anethsdgrtiansterdwgan in Figure 2b, the

further heat exchange el enment and the fourth fluid

oW pa ' . ] { h econd .f | ui d
Ao B Ot £AH BB B S kb BSERN L e
eleanmbis confiyured to eodl the higficradff-gistaidinest taehestitmere: fluid.

shown in Figure 2c, the second heat exchange el enent
of Figure 2a is omtted, and the first fluid flow path

23. t hi'efighcallestemy ancorséng toskaimadiher %, eherein tglsgcondhest
f i ' in Fi 2d,
B, B R AR S E0RREh IR heo R " P erant s of

Figure 2a are both omtted. In this enbodi nent, the

geconah fuelidelll Syt fabidingStolngBf themé 2eto ZBMhesdiR e heat
and through the first heat exchange el enent. In each

gkchange flaid fow pash ipdefingd hy Has fishheat exehenge elsment followed by the
t : : | S

SRR SRty 8RR sty RO AR AR ol prpqpgh and out of

enmbodi nent will now be described with reference to

Figure 3. In this enbodi nent, which, referring to

Figure la, has like elenments being referred to with

i ke references, an additional gas-gas heat exchanger

unit 380 is inserted between the anode of f-gas heat

exchanger 126 and the burner 132. This additiona

gas-gas heat exchanger 380 uses air that is being
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tur bul ence enhancing features, to match thernal

exchange requirenents of the conbi ned heat exchanger
waeios/okrsed on the application specification apdr/GBeo07/004156

tenperatures of the heat exchanger fluid flows. The

first heat exchange el enment 626further includes a

second fluid flow path, for alfode of f gas, 612, which

I f bond

B T el clentBT gRP Sl nly B T ngh e fpuiitilne
héatitrdnsfaitders@tond heat exchange el ement further
includes a third fluid flow path 614 for receiving
burner off gas and al | owing heat exchan fromthat
Bhs 1 & pkecllexttomAsraOE 9 Fay 6! Clﬂlﬁn&ébet,o%%e‘é(%erte% g peond heat

' [ f I ed

et e A DR B SRy ety YR bt (RN
fluid or air, flows through the tube 610 fromthe
p5r st Aefueinelltsy&iaf aaoatdigen ahp oAdldinishiTotogi, tvherefretho ifidst heat
el ement 624. As the heat, transfer fluid flows through
erbapgs Jement CRERTISE Aecondensipitah X diaBgcTener gy from t he
anode off-gas in the second fluid flow path 612. The

ode ,of f ' J1€] j
e ronr OB ELl oY ofOBLEAL) ks, SHERM b titteat
ahesfanixchife clemenb qdapisé ind reeaiive dipheality of hogtltsankfpr fluids.
gravity flow or via a scavenge punp. As the heat
transfer fluid flows through the second el enent 624,

2T abdotupkcolleaptemrpseeiling tormiy Rl tocAt Sggther pompREnS 2
SO b RO e T B R it b o

offichepadst xodthafidt heat sxdiahgoélembrt, fecahntirg) thesmipefdre of the
in the present .enbodi nment, also_ by gravity flow
Apqdsrafigrsafore it gntesa dherfirslhoat exghangsslementy is to be

avoi ded, the condensate may be drai ned under very

i ght u [ : :
e g Bt bkl R BRI SRE, R SRR LR ffhane
BRyicngishees-gaontedxthangdte heat transfer fluid, and the
heat transfer fluid exits having been warnmed by both
%ases. The two air receiving regions 612, 614 of the

8at  éxBisheriesysterpascprlingiorrdaim 3709 28 aipreEn W fixeh g fgrther heat
] | ' J 0i ni ng techni que,
R e e TN
sinple feed in and out connections. Such a type of
39senmy fhenBall HpteatyRbiAgERUSaitd 23, Ratny ¢lains dsienyeritigrbe,
to construct as it has few conponents, .and can be mass
idstaim thefrsirndrseeondrheeberchange Qlanems # dptsgRidniqq single unit.

processes, can be nmade from | ow cost steels, can be

Pt ARBAEEE s &bl B ORR AR AT TP e el s o

olidibRide iaticalg a sinple, flexible bend inserted in the
centre portion. Qher exanples of suitable heat

exchangers are a stanped, machi ned or etched plate _
Béat &k Eivhngbsysteshadcprdingta anyeolletams % éhahgerergndhe fuel cell is

nmul Li-stream heat. transfer IhG, B odi o
Gl SRe e kP L pe e AR B e pesoec.
cell system by reversing the heat exchange direction
ross -
IS cuss S e B ord e 1 OB 22 O P 6F ) B iSpendent thercor,
extengh ¢hef gystefnie lconfgured iosteeynls watet from the oomdenkidg heatost
protection, condensation avoi dance or | ow tenperature
protection of the fuel cell system This may be
achieved in a nunber of ways, * for exanple, with
reference to Figure la, by reversing the direction of
the blower 172 and taking in air via the exhaust
outl et and across the heat exchange el enent 124 which
is receiving heat transfer fluid froma thernal store
or radiator at a higher tenperature than the air
entering the exhaust. Thus the incomng air is heated
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art, all of which formpart of the invention, together
with their equivalents. Unless the context clearly

WO pabsos2¢es ot herwi se, the words "conprise"”, PCT/GB2007/004156
"conprises", "conprising” and the |like are to be
interpreted in an inclusive, rather than exhaustive
sense i.e. the sense of "incldding, but not linmted

, fual 10- fuel. cel.l stack.assenbl
BB R L NAER S ol R el RER g ters the
unéltcell@d fuel cell heat recovery/burner off gas
condenser heat exchanger 126 anode off gas condenser
heat exchanger 130 burner/reformer unit 132 burner 134 .
P8f or .«{%%‘l@lg | ststeamnpacgedingytosanyiof staimmg 87 ted heonfigiredto be operated

RaRgerend; am generator 140 air pre-heating unit
?ﬁ% airgﬁ?%ﬁﬁgg%gT heat exchanger 144 start-up burner
150 condensati on water storage tank 160 integrated
S6ndemns fire] belbdystnt hatgiig RNy MCREhs 33 &L |c¥nﬁ%|g'e@tcf be operated
bl ower, 174 power el ectroni cs heat exchanger 180 air
B E ALEMPHYE gliRonEsAtr ol val ve 182 by-pass |ine 210
first fluid flow path 212 second fluid flow path 214

ird [ ath 216 fourth fluid flow path 222
POt het LS SRR B o o5 Bt D absted Brpoperates
&l enenrdnARGalfdnvEbnfieat exchange el enent 380/ 480
addi ti onal heat exchange el ement 412 second fluid flow

gath 418 fifth fluid flow path 590 further additiona
V1 cdbpder! seldsystsoe havine seppldde endde apd icathbdd bifigds bhibsts and flow

def] uid. fl o th.614 third fluid. fl ow
bR oA BBE AR gl i e B sRereEen e BLcaWeting: A
met hod fooft @hi@isinghebt e chaipeelattdtt Bodfle®iof e839€Sode off- gas from
Xltlg%P&E | east one fuel cell stack, the at |east on

fhgeano 8¢ qutletiol fhavy lepspenediel oghsthsk afi thecfatletlesystem and heat

- 361 t c I Si.ng:; ssin
T R ool R P s ORI ST R i s and
wiagukd bend tatsftetdt fonethedatt Hontpaxsh@igefddmehttddgough a
first geat excﬁg&ge el.enment tao exchange heat between

the aAGHEHPeURiEiiodhetirsh eatexehangs clsmentioaece yagpslasranode off-
U6k (RABS h

bt O8R! A LUGAE0BEALR AIUREL E00ES CLEADAIR ot on
el bstadpandaombyat saowdo pf ddugaburexi dfifipgs.t he at | east one

fuel cell stack into said burner. 2. A nethod

cor ingﬁ%o flain1ﬁ%fmherein the first heat exchange

-emrett 2 S50 P! Syt yime srpptaifanodn and eathede off gas otledsand flow
Bs Redtatld; fdeHi Ing to .

s oot Mol etuel cellsfhclc iy B0 36006 UpRPrblle: e

anode? &nd cordensidg hedtfexglemies cloment culpteel thwedvive @blle g8fSzas from

; ' f- d th | h

e TR R P P Bls g s SBE i rl b Ernt B ersensnana, and

tapexcobidgrofestt- e leyBehsht Sro fHaGho &E%%§ aﬁpQ’anE't?d it
net héd accor di ng

| east one heat transfer fluid. 4. A
rpsiardlnd Somife fiest heatieachrmgonlénteait exchange el ement

cool s r..off -gas and heats .the gt | east ope
eat ¢ PaaerdhB B RPATE RSt Th o eh cerdlethanode off
gdsefroeh thet first lnaob:eBatiy dehemlzhd 8a8odSoM ghPEkitihs 818 & Mist one fel
%@%ﬁ%% hgat exchange el enent to an exhaust. 6. A

a3 coplpH gamg te pridpssbunesrofbgasyaed ei n condensat e
from ' ' n ut put f.rom
R e e
and thapead trapsfan fiid Sartdoubput wbeled barneheffeas,avddifale from the burer
(ﬁﬁéhgg_ Wele nt receives ﬁhe heat transfer fluid
af ter HIedhieatranatep G o theeecpnd Beat guehangs elvasge
element. 8. A nmethod according to claim2, or any
cl ai m dependent thereon, wherein condensate fromthe
anode off-gas is forned in and output fromthe first
heat exchange elenent. 9. A nmethod according to any

preceding claim wherein the at | east one heat
exchange fluid is chosen froma group conprising:

. o e r 1 e - o




11. A nmethod according to claim 10, further conprising
i ndependently controlling the rate of flow of each of

wo b@sleRi3 transfer fluids to optim se heat exch&mngs82i06/004156

or fromthe heat transfer fluids. 12. A nethod
according to any preceding claim further conprising
passi ng the separate anode of$4gas t hrough a further
heat exchange el enent before it is received by the
rst X e
S I 3ot B4 DARGE B R rord BB UEE B o RERE ggé(&lﬁ?ét@fnd flow

@aﬂhts @iom0ft 16dstioth fubBeelAstatk] Hbeht @Rclahgémystem @ngirizink?,

the further heat exchange el enent coqling the anade

of f - gadurahfendensmehyat srehangsolepent coyried paecaveprads @ff-gas from
%&Cﬁfo‘a % tlét' tﬂezat%asﬁghe ﬁY@ Bl g ckcBa fhlth\%[‘aﬂEfef' Pﬂidg and
into t at exchange e ement 1s a flow o

oatpuo dcmlsd aimdfa eéﬁgagamndmﬂsatﬂt&mﬁhmﬁmde offegdsead wgaimed heat

ubseqyent nters the at |east one fuel cell stack
S enid e fRaE b ietimes ghtetls. | A et nod
accor QifgndrQodfl¥d RS 186 Gickt 'Plgatcelx@l‘ldﬁ?e Wlealedt 1 feb&@ve cooled anode off-
operating tenperature of the cell is between 100C

gaelfipoabefire beg @anwangs element amfiadiosls d TBSBERItIE th@at least one fuel

t 8 I
gﬁégﬁgéﬁﬁ 8%% n % augke@or R§9r332¥e? ?;n}ecycled

and Uf‘a%@cér@l doﬁﬁafs{ﬁgfneet exRBhtfeldrher RbeF18d tcneoéluebumer off-gas,
cell(s). 17. A fuel cell system conprising east

Ghe ﬂfelh_flat wensfer ffuid land avipupCandyshuape thrg%t:en@ﬁ@mt ﬁem the burner

PR Ry B B PR R o B g glementyond
recei \aa-‘uﬁhﬁdﬁa‘oéﬁchm edmeh chgdedidahe anddewtff-Easofnit iew path
at | east_ one fuel stack anode off-gas outl et

Pefesen RE kpstong rﬁé@%geﬁétaelﬁéwt the dirstheatraghingg n, conﬁgl?red to

f.f I
Eg} 21% ack g%ﬁ'gtg ﬁg&gt ?‘Zéa%fff o%ésﬁﬁg%ergans nRft H(:flmers the

dst lmatexchargectenisngur ed to recei ve and conblne anode
of f-gas exiting the first heat exchange el enent and

cat hode off s exiting the at | east one fuel_ cell
ack eaﬁﬁaxtte@élﬁensée&ﬂr%a% Spdirathoge Pffg%ag ouﬂq’cg and flow

@ Hé%n’? &l leask Xﬁé &ty é&f&é&' Q%eét%xi%}'l %rgte .he
Irst heat exchange el enent is con dto cool "he
anode adiift gpadensarrhdat et chihge eﬂaaenttcpapiscﬁ &y rebéive dnodedff-gas from

fuel ce tem ording to.c 18 or , the

a0 ol S LR e e B P Bk b Tongf st transter
TRE, 3l Retfue BRAEPIHYIE 0B ge{s h&nﬁb’ﬁd&% froB @he Ahdd¥ %'ff—%ﬁ'ahd warmed
S stentaccordlng to an claims 17 to 19, further

é@nﬁfranéfeﬁ éluai @@@émﬁwéé@at exdhngy) eleelleemnd coupled to
recel Veﬁﬁ‘tﬁgr eﬁ? excé%r?é‘e?l%ﬁelft lcgt)lpgﬁdﬁ 1ndthg f? fgt?sgﬁt?ldfﬂogv path

t he burner

SEBARNAGI ttgsﬁt@etfuchetemefaek taﬁuathburrgtetfeapéﬁchgag,e eddiflerit Ndnfigured to
heat transfer fluid. 21. A fuel cell_ system accordin
ﬁséw?ers the

reduce danicpperafifie péths anpde eidwahpasmgithakbreihdeire
| ol the burner off-gas and heat the
ﬁ%gﬁﬁ%{%%@%@% ?%%ﬁh. 22. A fuel cell system according

to claim20 or 21, wherein the second heat exchange

ellement nethuardfe66lin; CARAeR Skiighe Basttone faglgel stadld ha‘/ing
fuel cell systemaccording to any of clains 20 to

iFRAT s atlwte mdgathede AErEse Tominaghs ﬁlé%tqaaﬁtky a%hfzxemb?feep described
|l owed by th
M REerbhdetb Bl R e R 0 e hear

transfer fluid into, through and out ofthe first heat
exchange el enent and subsequently into, through and

out of the second heat transfer element. 24. A fue

cell systemaccording to any of clains 20 to 23,
wherein the second heat exchange elenent is adapted to’
receive a plurality of heat transfer fluids. 25. A
fuel cell systemaccording to any of clains 17 to 24,
mhereln the flrst heat exchange elenent conprlses a
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the anode off-gas outlet of the at |east one fuel cel

stack of the fuel cell system and heat transfer fluid,
wa@pasos2put cool ed anode of f-gas, condensate fPOGBR®7/004156

anode off-gas and warned heat transfer fluid fromthe

first heat exchange elenent; and a burner coupled to

the first heat exchange elenéﬁt to receive cool ed

anode offgas fron1the first heat exchange el enrent and

& ackhdud <ebipier. ShHeROD G SureB e ABreripd vy elosgoe to any

(Mﬂhéaé&ﬁﬂpdﬁﬁngdﬁwﬁh havi ng separate anode and
cat hode off-gas outfets and flow paths from at |east

one fuel cell stack, a heat exchanger system
conprising: a first condensing heat exchange el enent
coupl ed to receive anode off-gas fromthe anode

of f-gas outlet of the at |east one fuel cell stack and
heat transfer fluid, and output cool ed anode off-gas,
condensate fromthe anode off-gas and warned heat
transfer fluid fromthe first heat exchange elenent; a
burner coupled to the first heat exchange elenent to
recei ve cool ed anode offgas fromthe first heat
exchange el enent and cat hode off-gas exiting the at

| east one fuel cell stack and conbust sane to produce
burner off-gas; and a second condensi ng heat exchange
el ement coupled to receive burner off-gas, and the
heat transfer fluid, and output cool ed burner off-gas,
condensate fromthe burner off-gas and warnmed heat
transfer fluid fromthe second heat exchange
elenment.39. In a fuel cell system having separate
anode and cat hode off-gas outlets and flow paths from
at | east one fuel cell stack, a heat exchanger system
conprising: a first condensing heat exchange el ement
coupl ed to receive anode off-gas fromthe anode

of f-gas outlet of the at |east one fuel cell stack and
heat transfer fluid, and output cool ed anode off-gas,
condensate fromthe anode of f-gas and war nmed heat
transfer fluid fromthe first heat exchange elenent; a
burner coupled to the first heat exchange elenent to
recei ve cool ed anode offgas fromthe first heat
exchange el enent and cat hode off-gas exiting the at

| east one fuel cell stack and conbust sane to produce
burner off-gas; a second condensi ng heat exchange

el ement coupled to receive burner off-gas, and the
heat transfer fluid, and output cool ed burner off-gas,
condensate fromthe burner off-gas and wanned heat
transfer fluid fromthe second heat exchange el enent;
and a further heat exchange el enent coupled in the
anode off-gas fluid flow path between at |east one
fuel cell stack and the first heat exchange el enent,
configured to reduce the tenperature of the anode

of f-gas passing therethrough before it enters the
first heat exchange elenment. 40. hi a fuel cell system
havi ng separate anode and cat hode off-gas outlets and
flow paths fromat |east one fuel cell stack, a heat
exchanger system conprising: a first condensing heat
exchange el enent coupled to recei ve anode off-gas from
the anode off-gas outlet of the at |east one fuel cel
stack and at |east one heat transfer fluid, and out put
cool ed anode off-gas, condensate fromthe anode

of f-gas and warmed heat transfer fluid fromthe first
heat exchange el ement; and a further heat exchange

el ement coupled in the anode off-gas fluid flow path
bet ween at | east one fuel cell stack and the first

heat exchange el enent, configured to reduce the
tenperature of the anode of f-gas passing therethrough
before It enters the first heat exchange element. 4 1.
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