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The rrroje[t is f-t) buili an expeninrental plant tlrat- dernnnEtrategthet'rnocliernical en€r9y lranEfer baEe-J cn the di=scciatian a11 d syrrthe=is o{
::]:""i:.,-Ji"* 

afirrnof"ria sygtern i= tLnique in rhat ir_ is +ree {r.orn side reacri'rrsainpered i:y, undue cDnr-o=ian pnobiern= on tire ne.ed -for exc?sEiveternperalures' It is based on r,':ei. I estabtisherj indust.r.ie. I practire (both -fons'zrrt*esis arid di==ociarion) fr-cin vrhich c.,nsidera.ble knowled-cre a.d recrrnoicayca'n be rlnar^rt'l' ii i= a high pressu.re system, a cha.nacterist ic tliat i= a{rerrEeen aE a digadvar-itage buL in *a.ct c€l*siderable advantages iie in tr-rer€=uitjnq sirrall co'npoi^rerrt 
=izes, exceFtionaiiy high en€ngy den=ity andirnpnoved heat- trans-Fer- cce{{icient=. Cptimurn Fnes=ure tan systerns containing?as-' such as the srnrrlonia sy=terLr" ha= been gho,.:n to b,e a.bout tso a.trr.l nrr r:r-rebesi= o-f tninirni=ing pipeii'e rran=inis=ion ccstE, The system oper.nt_in?pnessrrre 'fon arnrnonia i= cic=e to thiq cptirnum, rnone so Lhan {-on ot'er-cr-r.rnettt-iy pnt]lrosed 

=r*=i-ern=, tsacause i to{ *rexibilir), i= inrrer.rnL i.e neit.r.,*"':,:"::?_??::"":r:;:T,,:r?:r:l__::".::l )c'a.'d to coinp l et i an s i rr c* separat i or-r oi t-rre unree.cLarr corfip'nenr:s i s= r nrp I e.

Facfr r^evEngible qlrernical reaction posEe==es a. crraractenistic e++ectivecar'not sour^ce teinper'alr-r're r'ririci-r diciate= the rnin!murn ef -f icierrt aper.atir_,crternper'aLt-r'ne" T*e airlmi-rnia 
=;'stein p.,s5e5qe5 0ne o* tl-re Ior.rest- ef-fect iveternper'atLr't-e= (f,f,cci i''hiclr aLlo'".rs rela.tively lcr.r practjce. I varu.es o{dissocietjcn teirrp*ne.t:Lt:^e(;7CCC r.tit-l-: cui-.renL cat-aly=t=). Cn ttre atlren ltarrcj itposs?=Eps tl.re r-r nique ci'raract"eri=tic cf sF:nra.rr ecu.=ly rejectirrg a.,ir.action oiils e>l-tirer'ntic or-ttFriL a3 near-ambrent ireal and this ena.l:les tlietirer'rrlocl 

"'tr':rnic tr'rnsf crtnai'ir:rr c{ tile nerns.irririg fir:al to r.re. 1l ab.ve thcie-F-Fecl: ive =.-ur-i-€: tenrpei altire. (again zcoc i= a t;,pical achieva.bre v;.rue).This lra= Frl irrrpclri'atli: beat-in'l crr the prc<1 u'cricrr of mecha.nicar r.roi.r< r,riricri far.tlie Jfltinonia
rrr.o,3i a !":):::[.,:::'";r::i';::::i_o::;;l:.:l;::;.:;;l:,"::; ::"":;l;scltenre ii- tra.tr-tne11i'qivr:= nise ic tr.;o ier,,*is 

'{ 
pressunel Jooa.tm an.l r2aarlnt a situaLian r'lhicir rnay tle expl.ci ted ts e.a.b!e the dissociator"s arrdpipeline Lc crperat_e a.t- tl-re rflore suit-abi.e lor.ler pnessune r.rtri.lgt stj I I.)'or'ring lire syrrt"fie=iser tn cpe.ale a.i t,trre higrrer pnessune. Trre pr^osFrecLs*ui' prrcJ':cing a =ii:rpie yet ec.,nomica-l ly viable systern have thenef ore beerrconsider-rb1)' erll-!arrcEd by'ri-re intr^cducLisn sf f-!iis cancept.-lhe antrnr:nie sy=l-errr is tl'-:eref are l'ie! I r.ror-i-h aLtenlion in its o1^rf] nrql.ri_ arrdis pertjgr-r'l3i-'ly' r'rel i =uiied fcr researcrr into therrrrccliernical e,erq.ytnan-fen,

t)Or'la ;ri A t,l tr:::,::i:
Pt-ptt i nrr-*-::::::

Tt-re llel' st'a*f rnerriber= i'ia've been r',cnk i ng on aspecrs ot- the a.rrrmorr i atlrenrncchemica. 1 s;,stern irlt.errnittentl;,, 
=ince 1g74, Tiris e-f.fnrt has beer.rper'{or'frled again=t a sorlnd baci<q.,,und of oriqinai tfrecrerjcal r.rcr.r< esi:jecra.1 l yirr tfierrnccJynarnicg atrd -Fu'L l scale (arde:'- of 10iii.,r) systern a.rralysis. l,1a.rr1'najon di.F{i.cr_.:.ities lrave been t:verccne irrcludinq ti-r e explosiorr Df a.il a.rnrnoriiBslrippins conl*air-re.r. conrr eci.ed ii: il-r* piant-- Fxperirnenla! r.rnr. l, a.irn*rl ai-ver'i-f')'in! the th'lo*ei:icai i:a=is c{ tlrr:r-incicrrenrics.i enerqy tra.rrg{er be.,an r.rii_r.rl-r i':li p.f-ssune cisscciation a..d haE exrended ts buildiriS rna.n), of the rlrajolrcoirlpr:ri e'r is ner:r--rirec fcr an e*+rq>" transpor-r !.,cp. *avi.q d.fre 1:iri={nr'r11 da{-ir:rfi ?l'Jrll l'j? a'* ncli'r pci:ed neadr, ra gJ cri t,, the nexl iri,rical 

=j:r:i_-:
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ott o* a 5'yn t"ireE i =er a.*rJ the caf r,rp i et i on n{ 5 r --

i:.:lr"l^:ili*i;;:;:'':.,.::":;;ix:-:ii"=i=i,:;.=:riiiit*i,";.,?';;;,,:;;,r;""n i tr.oqet.r i I

;;::;;;"j,::;i:'.lTi:;i1.""::;::-;;::,;;.,4;:jr*"_:::::;:in'" ";:_:,,?i,l==;:;
neticr_r1a.ro.,t* is rei,roved by ,.,r=hi.g t'e u,.=tJ';_:l=o"_:lt lii:;;:i,.::neriefs an; 

s:'stern conrpnisinq hieh quality valvesr filten:

;iii;:::::=:' fit.li=,1 ,,j:l::::.:fft:::f::Ffiir.,tii..i::.":::.;::=lllraci I it;, arrrr a. r.:eiqriabr"-o:"=;*::*:::::;o:::t.::.:. r*.heni.'e and procesEirrq5vr r- resis. dis=ociaii.n;-_?:;=::i;=":;;":r:::"::;r;:::;::"::;::I;HIff=.;:
contpa)nents
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::^;nif ::::il:."=,,r,$ti:il,.:r:i:,li;::i::,.::{elso r'tEecj {or ca. lorirnetr;,), 'nd Lu'bes far coolingl the vesu,er r.ra.irE
Knor.rn pr^ot> I erns

Tlrr.se i.elale tc the ui.plant 
'rrrcl do r-rot in arr ), 

rque requiremenl= a{ a EnialI scare demo.stnatio.
;;;:l'J",,*::..,:;:1,:ll::;r':;:,;"::::: ::-;::.:::"::::?;ii;_:: :,1:,;,,.:::r;
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c, isEaciaro,^ ":j:;::T:ffi: ' rhis ila',;:::?:n"n""n"l=.il:::"'l::;==:;''i,l;
i,rca,nde=cent;?:=:::.:::l:";;:::,.,,:: a n,=,, pnessure dissociaror *u,o',"i;;;='"':lj

Ilevelopntent t:f !cr.r +"sr.ritable *on liquid arnrnor.,r'tu' 
{o.der c]* 1 qrn per' Fetr} cir.c,:lat

::t;;;:i;,r"'l ith a co'p,.*=lolxo.:l;:":;"1,:i;::;:: r:i'l;:';:;:,:t: ,;i=,:ti,:
Pr.r:cLrrelrten t

t'eqr-rlal-6p51 a 
on developinenL of pne5sLl'e reguratsns {includi*g ba.cr. pnessu.r.es:'11 trresi= ,.='J 
o f lol'r re?ulatons 

=ui'uable -Fcr lor.r {r.vrs of riquid arnnronia. arrd

Deve l cprrten l: -n - h__,. _ _
(.5QOc), h1'dr:r 

of^ Frocu.remerlt of technoLnq;, -For nraking triglr tenrpenatr_.r.redemor.r.ritabre. 
:!ett-t'iqhl joints r'rith Erna. li bare tubing(3rnrn), pre{ena.brr,

Prcci_rr€rrtFr.ri arrd i_r.aininq o{ =r.liLable slaf{.

Ilef initiori o{

I . pnntlr.lc+
rlr-€.ssun i zed
i at Ler qas€s

Tacl'-::::_=:

an otteratiorral basic s;,slerso(-rrc€:s or tiqu;;-r;r.;;:::- ccillpr^!sirrs dual presEur-e loops a*.rrnixerj in =.;:::,::l:::;:, 
nirrosefr 

"na nirro3en/irydr€qerr (ilrepropsrtiorr=). Tlre Icaps rclnpr_ise
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f^Espnvolr-sJ a. r'r":iqhabre'-'e5=+1, iiquid anrj ?as circulatirl:] pLinrps l.ritrr {.rr:r.;re'*ltr iators, pre55rr.e r.equiat-irrci =ysterns, ] !r..uid a.rrd ga.!, { lor.r rncrrit_crs Ar,r.'-- I l'rtr I ..r:l al i appr..;:r-iaL* COr.tr-ti:Ct_ift.l t.Ubinq A*d VaiV{:E. .i, lir: ::r-lur.rr: 0.f. ,,i.-1 irpr'essLlt'e arArnctl i a ccrnpr- i se= a I nt',r preqsLrre {.LoaLrn} stonaSe tanl< aad a. purnp,The 5oi-rrc€ oi r-ri Lncqerr rcrnpr-i=es a t iquid niLr-..?en prrr6p a.rrd lreater^ toqeJ:frer.t'rif-lr pr-essur.e rflea.suning arrd regulalirr_q equiprn*rri, Tlre nilrogerr /l-ts,rirclqef-rsor-.r-ce i5 i:.' Lre Fr'o-r--rr'ed b;, cutgide csni,nacf_ i+ po5=ible (of_herr.,i=e i:r-r.i ii-itr-houge) an<i is tr: be ir.rdependent cf tlre experiinental dissociator (a.iso asor'fnce o{ ni{:ro':len/h1,'4r'agen} sc: as to enabie par-;.irel deveioprnenl of bot"lrI nnn c

Each laop rnay be apenaLed parti;, {r..r!l sf liquid scl t.lre.t gas floi.r can berneasured by dispiacernetrt- Tkri= ta=i< r"ri!1 be cornplete vrlren {1} steaciy,.culaliong c* iiquid anrl sas are der*'n=tr'aled uirnEe ab=olute values fna.y i"leoeter'rnined by treigliirr q, (2) pri'ren tlre esLallrisl'rr,ierrt of tr.rc slea.dy pr.e=sLrr.a
;;;::;:.*i]o.o€.rnirnstrar-ed: 

anrj {3} r.rhen a sas analysi= capaL:iiiry i-:

?'Prodr'ice +rr trpenarianal eje:F*r.-icaiiy,heate,:j cisscri.atar s)/si_ern car-iplecl r_ot-l"le b.-rsic s\,=tern cje=cribed irr {l} eb{lve. Tile Cicg6siat_sr. -yst-€in is titconlpr'ise a catal>'=l f-uoe-. lreater', count-er{!.,r* !ieat excrranqer al...c cl!rprorrr.ra.r-er-ertlFlerstL(r'e irr st-r'urn€rrtat ictr" The tasll r.ri l r be cori.rlliqte r.l'sn acc€ptabl.eIevels o{ di==ociar-ioir fra.ve been dein=nst-ra.ted and good cata cbtal.ecj ort }-lret'toll<ing cliaracLeri.stics c{ rt're di==aci,atcr-.

ii'Ilesiqrr a 5'"nl-lresi=er s)'=l-em ..crirFr^ising tl're pr.esEu.re vesEel gubsy,=Le---rn.ireal dr-rrnp =r'rbs)'stern .-:.rr d in=t.urne*tation. Tiie trressure vess€l sr,r.bsyst_*incornpriEeg a aag6|r,,sf_ container, ltee.L excirancing t"ubinq, corLrrt-_er.Floyl Leat_e>(cl)artqet.. tl-rerntal insurlat-icit ancl instrumerrlal-!on all housed irr a. rald r.ral 1pn€5sune vesqei' Tlre heal- dump :urbsysteil compn!ge= a r.la.ter circu. la. litrq puirriland cocier" Thre ta=l< irrclude= the develc:pment r:{ a rnodel {or det"errninintlit'e aPt-inturn l'r''zoul anrl eElimaf-ed per{orriance of t-l.re Fr€Esr-r.e V?='Er:l:'-bs1'stem' It elsn incluce= the rrrocur'ament o+ { irrn quotatiorrs -Far t.l.ie rnajorconrpotrenis.

Tli* ba.sic s-:./siein is i:o coni-ain a
n i cr.ogen,z ir>,ci ro,]en r.at- i - by r,ie i 

=i.r 
i ng

This is esseni:iai for rficnitor.inq any
f at' enabl inq 1ea.tla9e rnalce-rip.

means cf conLinuou=i.y ietenrnitrinq Ltie
a containrnent ve=ei a.i l<rr :r.rn pr.essur-e.

preierenliai l*al-<aqe of hyrly-.oq{.n ;:rrrl

a.lrl lrl O 11 ) c-:1. ;l

=(]U CP tj}'
t.then l:iie

cLlnsi=lerrl

4'Prodr-tce an aperaiicr-ral synthesi*er =y.stem r.iliclr converL,, t_opr'tlpcr.f_!6r'r t]f the f eecjstcci< pncr;iCed by the nitr^oqen /t.rydrog?rl
?ef'renaLed by, rhe diEsoci.:.t-or E),steii1 . This la*.i< l*ill be con]pletesyntrr €5i=en systern is cperating a.t an s.cc€ptable level and r,rlrenneasu.ne.rrr*n,us l-rave bern obt-aitieC oi-) its r,;cr!<ing characteristics.

5'Prodttce arl openationa j errer!/ tr'e.ri=f er ioop by coupi iil3 tl-re ii=goci;,:tcr-,end s)'nt-l're'=iset' =)'sL=rir= loq.f-he-r and by iniegr-.a.ting tfieir- cnr-.rtr-ol a.rrciit'tsirtiiirelltation' Tli* La=l< r-;i 1 l be cai'nplete r';i-ierr autnrna.t ic e11u.i-.=;v tr.a'sfer-. i=cen'..,nstrated {or. =i:ea.,ly, arrd v;.r y,ing heat input=, a.rrd r.rh€rr r.el iable d.a..t:a lii:=bleeli c:bt':ine'l or-r iile per-fcnfncr.rrcF .,f the iccp cv€r a ranqe n.f,clnriitir:ri=.

'::'irr-il'Jrtce a rj':giqrr 4.,. a gcia.r freated dig=ocial-cr 5;,r5lr-i,1 L.r-rs.,ii o* ita.tr:.r:l'ri'ain;'ri tn l-l'tis pcint" l-hi= la=k r';ill iricru.tJe a rr;o<Jer st-uc)/ -r.rrc t-i-rlpr-c)-ur'?l-rr+nL cf f ir.in q,J..:]i::l- icr,= fcr najsn cDr{]Don*nLE.



T,prorlrtce a.rr oper_a.t
cc,}rnFlele t.rkren lile
pr:r.-f-onrnanqe ci.:. 1a. ha.s

i ona I ,J i =soc i ator
clissociaton is

trc-€n obtained-

using golar
opena.L i rrg

enerqy. The tast< r.ri
satisf a.clori ly, ancJ
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cjco t.i

Fresent status.

As explained above the extensive €.nd essentiar gnoundpror[< _for^ rrii=pnoposal lias alr.ea.d.;, been acct:rfiplished. The existing facilities pul us irrthe position t.rhere Task (l] is par.tially corr)plete. The cornpletic:n of TaElr
(?) deperrds on re+ur'bishing 3.n existing dissociaton e.rl d its tenipenat*reinstr^unentalion' For Tagi.:s (3) alrd (.i) a containment vesser r:as beerrdesiqtred atrd buti lt and i= on site- uith regard to trre r.erna.inirrg taEr<s r.,=
have considerable expenience in re!evant design and technology gainecr in rriecclur'se o{ p""lonming desigrr =Ludies, and in buildirri
;:;t;;:".= incrudine a ror.r o.;;;,.;";r;; _;;i":;:.;::,:::.:::_l:i.l:":l
Resr:u r'ces regrJ i re!d

P, O. Car.clerr
{ast tnac,, 

r'"t' be project' reader and R.E-lJheran {trtl*tine rnanager. Tfrr:co r r d b* i,,,;?:;:;::r."o,.,u".:;::::T;;..::*.?i; :;:, ":l_ ;:",-::;;::""r_ ,,1 
i ;iritrnediately' since tlie per*'rrfiarrce o* the dissaciaton is pneserrt iy urrr,,.or.rr-lth i s' method

s;,nrhesi=en. ';;:t"::.:-::"ttcuiarlv ftexible approach Lo rl.re desisn of rlrstasr,F ( r ) and (?t and the :il:: ?:ff:";:, rl,.l-l;i:.rrlli ?:;":4",:",.::;;;::the con{luence of the tt'rc =tream=' sirnirarly ta.Ek (6) could c.rrrrnenc€ af ter.::;""::l-'o':::"" o* (2) 
"::.^rn.Ranarrer r.,irh {s}. rhus ro irnplernenc r_riis

nra r u r e d es i q^' ::.* : ::.:':::' ';::. ::"::;;::i::4.:;_";":l *: :", 
t ;i_"":::;: 

; .,;
";l:;::;.:::::::: -::lln.;:or$priate supp.,rt rror,r t!-re Researcfr s-roor or
rt t'tot-r'1d be of cQnsidenable advanrage tcl ernploy a post doctoral f el lor.r or!
t!ie pr'oject a.nd irr the latten stages one or rr,lo students.
special assigtance is aiso nequired with regand to the knor.ln problem= IiEtetjand cther= 3s tiiey rnight artse. rt iE envisaged that tfris assistance r.rr i I be
obtair-ted {rom 5pecialist manu{aqturer's on a conrractunar basis r.itrere qver.Fossible.

-::;,.,.1i'iX.. :;:".";;:-:rll:._i]:::-::: on a ,,no majcln pnobrerr,s,, basis anc

t asl< I
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S:lanie-- and cverheadsi

Pnocu'^€rr1€frt n* -Fu-1l tirne rnana.gernentr sro00 per rnonthDesign Cr.a.*tsrnan $f,ZrOCO Fl .a., *or 36 monthsi? Technical off icers $zlrooo p.a, each for 4g rrronLrrsiAl lor.iarrce *or. pDF €.f-rd 5tudents {or. 24 rnr:nths ea
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poirr ts' Rep.,rting is t'o be on a lasl< .,r iirne baEis. Adaptiorr cf {:isf. t-r.::trnpl ies ihaf- r:i-re nnojecr r,.ri L i be rr_ranaged on tlie 6.ssurnpt ior.r tf,aj: it r.ri I I bi,stlcce=={u} i'e t-a=i<s neecj rrot tre carried cut in Etrici seque,ce r{ ri,:ee{-ficieni: use cf r'escrii'ce5 diclales otiieri-ri=e. orr the strien hand fr.aqu.:-r-jtr"eviet't= r'ii I ] b* irnplernerri*d to snsur'3 i. l'rai irre i.rorf< p1a* rernairis viabre.i:i) Tiie trli-ir l'ri L i tie car.ied cut r^riLh lr'r einpi'ra=is oil u*clsr.Era.r-rdrrrq t.r;=utrd*r^1)'i"'!q irlecl-13i.isnl5; cbtainir,g reLiabl= rnea=ur.ernerttg and cal-r.era.ri.an r.rii-r.rf<nor.ri-r or' deve i cped lhecn..,"



!*=cr ip-!i c1i of dernorrstre. l: ior, pl ant.
frSt.l?

Ine pol'ren level is set at approximarely !r<r.,r tliis being a.t ab'ut rrrE ,.,pt irrrrlr,rlevel det-errnit'red bY' t'r'ade-offs berr*egn scare pncportior.)ar costs a.r,d ii,ecosts ts=sociatsd l'lit'h =rnalI {1oi'r= e'!' pr.,vi=icn of accu.r.aLe rn€,cr,Eur.irrqitisLnurnents 6rr 'c lh* r=ductiorr o* teal<aie. Tl',e s),rrtliesiser pr.oves to be Llr*.ftlosL di'f+icult carnporr€t'rt to design *.,i ihe r,rost costry. In pr.e.crrce rt rsnec€ssan)'t. br'ir-rq tl'r e caialy=t up tr: aperating ternper.atu.ne befor.e s),rrtrre5rgcan corrlrrrertce" Thu's a'rr el'ectrical lieater icca.ted irr rlre s;,rrLrresisrr.s;,5Lt,r,ris alniost rn-rr-idatcr;r arrd tr'ris i,= arso r.equined -for- irririall;, r.ecrucirrq tire:.,>itde c:al-al)'51- r'riih lrl'dr'lg€n' Given triat riier-e !ia.= t-s be crrl ellycLr.rr_ollre:le-r, ils pnFserr ce is e::pl0iLed in irie ior. l0r,ri'r3 t4a),.

otir? of tlie irnpa.L'rnL prcbienrs i5 tlre di=pop,,ed. l o{ Llrry {.rig}r 5i.<r,-,seat (5(lc) c) ir- tli* absericE o{ ari c-ngirie cr-.,Lrr*r- apFr.cpr..iate l.oa.d c.r.rrcr lrr &r'13t'i.Er lii:t- r.rill allcr.r L:cLl.r a tiiglr.le.jry* r:{ r,ar.!-.bitit_7 ir.r b),fiLlre_blrerr:trtr:r'r I ag r'rel I ;i5 lllriL:il&rr:ia'f\t- ccl'ilr"*r oi tr're glliLii.:;i:iet. rrrrrf3<r.aLur"e. iJr.,clrl'--:f-!'ioij ig t-o tlri:r'oi'l:l irl 
'' !t''-'rtl:l'a f-l'r- 5;'r'rr*r',e=!=*r Jlrrr t;r,.* crif r-r,* E...rjr--lrer.rrrrLte'it 'ri': d 5g[t;rt:!ar.,' frt'i{ t"c arl *,lt-"r"r-,at r.r=;,r rlur,,p. {,.]* r.rc.!.c tr.ir-d irrr='-rill)t'i:r'i'clr' rl 1':-cl trl; ;r '1 i=;:;-.,il:ii't-!crr;.Le1;., r;.1.5.:.ir,;irlrirL sf t"ri*r.lrrer rr,sr-li;.Lr.or,;li*r'ri-,: .l-,+ cl.r r-rlc:. lf e ii;L r.r:l i pi.,_iEi-rl.g ve::.*i; l.r*r.,ci lrtECli:.iiic.;.i 6.tid Llrct.rrlo. jc'tr't-'-":: f'l'''bli:l'l=' :'lt({ icr"r1t.i*'- r'rri-li li*r- i*ad-i:lil-ougliS a.r"r,J r.rir-li Lliu= =.:r=ct_rori

.--l | = ='.r i 1., l-, l;. l, i;1,, i:el.tg.r._i_ j l_r,rr.* s.:cotiri;1.;, -i iu i d.
Tl'';' ': lt+l'rilt- i"'e sppr'11 ;1 rll'r is i.r: <J*r ii:*r.pr-e17 r.edrL.c,-, Lrr* &rr.iijrJ.rrL r"ftlisrrl:t'ir:li si-r i:':r-trit-r'? tt irila Lli= r=caFe p;-tl', -ror.rr.r* E;r.,Lr.r=i,rnic l,rca.L e.r.rcr o.il?:.;;:':.1"";,*:;::..0::= i:, ::..,';::;:";:'" Le,,,p+rdru,-e. rri L,iis s;,,c*r ,,,v

L*rnper-3rr;re. f1d.,, ri* c*r,rr.rrr;ci. Triu= .;:t=::,lt:;".:::l::li,=,,:',,:,,::.;.::;,;;:=ele'ctnical lre';i- t*rrrl lo r*ti"i:i'r c'rr5t;rrt arid rJeri,cnsrr.a.t ieri cf €irEr-cJ;, trar.r={*r.srt-urrfs lo sl'r c-r r'riti'-3 l-tiai- i-lre s!.rrr'l c{ i-lir rl.:s -!*cf:ricar por.Jer i.,p,,ri.= (pl B.,-rrj
p: i.r tli* di:qr':rrr) is cf:Ni5i-arit tricr.r.3i.r *acl-r rns.y va.r-y r.ridely.

'Jt' *rrl;:,fiaEis+ ti''rf' tll* seenri.nqi)'ccfitrirved 
^;.ture o{ Lhe scirenr* is or-rl;, c\

crll-r='qrr€:rrce o{ li-:e =r'taIl scal* c* t.he der,iorrsLratiorr anc tr-re uri€.va.ira.brrrr;,of a 
''uiLeble load' Irr rl., t'ra)' does it ref recr upor! tire Fr.actica.bi lii;, of alsrqe sca.1e =..,Etsrn. Tlie coLC r.lal,l pre5sul-* eticlDsure siinulates t.,iliat isf't'act jcel on a 1er'!= q:a1* and ihe appar-ent diEpraportiorrate arneunt .,.rtl'r ern''al irr=r'rrat-ic" r.-qi-rired ttr pf&v€rrt u.ncue iass is onil'a. c'r:lrsequencc o-f.rli* vclunr*-to-=r-tr.{ace nal-ia r"rl'ricr'r 

=t.ongty di=*avourrE ininitunizaticn,
Altliougir tl-te sclrenie iacl:s a' certain rearisi,i it is o.i trre orl-r err rrar-rd qui.tepf'€cf-ical *i^orri lire experir,r€ni-a1 and rc=l point of vi*l^r. It allor.ts tire us* o-ii,"i.,"";::::11= ::;;:.-::;: 

i'ra11 pre=sure vesser enclc=ins arr 
're associare<j

corrlp.'rier,ts r.,if_h consio*"*ul,:"";::.'r;::=.n:l::::-::;::i,::.o_,.,.10,.,,,.,"";::::;
{1e>ribilit_'.,.

rL is irrterrdeci {-f-rat tlre *:<c'Llrerrnic oui-put r.rill be conrror}ed pri.nreri ry, b;,meens af th* *icr'r o-f {eed st-ocil irr!Lr,,ge.r and t-rydr-caen). rncreasing thF *rr::.;sFrot'-r lci irr crea=.' ll^re ireal r:ul-ptrl- tirough nat trrop.=r-tiorr*tery,. sirnira.r.i;, ri.i":r'at; cf l-re':L abscnpiicn is 'i" -- -";:a"*i]€d bi,rrre fior.i o{ &rilrr.roirla ta tr.,e
rlisscciatcr. Tfiis i.n tr..rrn r.ti il be .autcrrratical !;. va.ried gil as io rr.r..trr t-e.irr a
r-of-rsra*i' dissociai-3,' t;rrper.atur-e rlir-cuEr-r va.r-isti.rr= in r-retrat irrpr.re La ri_, *dissociai:on" Tlr+ tr,rn pr.nrii:;ir:r rr.* cix*nri*t i*;., snc i ),r-t*,ii,::i; r.;l l l lr,.: I.i,rilr. ii,



=r.t-?il tl',, l ir, i:i:'rr; ri.rei:l lo a. c(]nlfi|]n vessel i.tepl ;:e.r.t i;, f ul i n+ l iqu.irJ itllt,jr.]Iic-rrat '-r cclt-rst-'-.iit lt-:v*i' Ti'ri" l":v*i r';rl1 h,:r ;i,r...irit..':.jrrr-.rr by v.ar,],if,(r 1..lrr i ri.]r.r ttlfc;'rl':'i-.cll irr r''":'5j').,rl:i* l;a circ.n!*s i^ !e'.,si i*lierb;, causinq ti.re rrrc-r.frrr.{..f.cLLrre o{tsroinn^ia to rn:.t"cf-: rr-r e re.r.r *.t r.;i-r ici-r it is disscciaied.

l-evel chL:...] es irr rlte cDin;rcn s€parai*cin r.ri I I be delected b), r.lei_ci.rinq. Ti-i eapparatu= -For- dcinJ iiliq exist-= a.c ('ras develcped rnainly {or enebl iirg trieabsolr-ti:e cjet-er'ininal:ictr cf nai--e= of dis=acie.ti.cr-r and synt-rresisr caribrati*rr
::"=:i:';=.'J":::==:::,'J;:="re':ne,rr or nirroserr lrvd'-osen rar:ia {by i.iei3!ii.s a



4ppl icat.icr.rs ralguflal. FoR u4,?FiE.rABtE sygrEr,l

s),sLerns

Tl'r e crnlfnonir thenrnocl.rernica.i s;,si-s;i.1 is p-:ticu"iarly appiicabre to clrstribu.f_ed
po i rrt f ocr_i.g i rr
:no*n ir:i,..*,,? ;;J:: ;:;;:".:":;:T:*"1,1::'{I";:::.:::":.i3i:: 

::::;,.i:,1:;i,.i;:' :;::;?:;. ;::T,.::"".;::;;::;::_j;,,1 ii,:,::.:;i:_"*.o,,*"; .;;;;; 
.*i,,*

et'ttt'Fpr'Fli?r.r r-s is tliet- lr iql_r a"*o""*i.lI* l.reat is 
"f ** 

o. o{ engineerg aridantbieni: i:*rnperFr-u,"-p anrl.i"'*r*l;:=::':::"'':::_:= 1r*ectively t."",=po"t*o ar.:::: ":,1;ll:::;.,llon"i:_nil"J::"":"I:i,::;;;,":;l:::::.,:n#*:::: 
,,:::itrt-rodr-tced. Tl-re arrrrnorria 

pra=peci- of Iossless ther
qenenai: i on b), eas r ,nb i,,e "r;i;;::" ;;":::i;;:i:;ii":::ii_":ti:i=.::.,,,:ffi
;;"!"j,.';t;"r::: be conf ie''red *ar p'.,cess r'rear up to aooc or. cogener.at ion .,.r

A1!=r-11!ir.,e

Tlre l't'to rnost pr'orninenl- ccrnpet'iLsns o* trre anrrnonia never.Eible reacri.on ar.e
t lie SO?_SCl f,
r',rrich is rlre. =i;lll;:'J,.,"i"d 

the *arni lv .r rr;,dnocanbon rea.ctiorrs r;,picat arrot'rnar'iotr br-ri: as co,,lp*.=*i,]r=l;'-;"=ol*lt'iii,,::1":i: tias 
're ror.resr l-r€arL ar

i:;;::.,-;l{'ect-ive cariror- t-e'i}perarr-rne bur *ie rea=t pr.obrern r.rrr,ri rijqii
l:;:::i:l;l .ii-;.ili:;-:;:,..,:n;=:::': s*i'i.3e,.t nequiren,e,rrs +o" ,.,;.,.;;.
i .e.rr:niprer.6. 

rFacriorrs inva*iabrv n*"]i :l;r::;;l,3i""i,ll ::;:"=;::;.,;;;pr.blern. 
reven=ibilill'do*s nal scclrr. The arnn:onia nea.ctiorr rias 

^o sucl-r
Tl'r e sLearn*rrtethane rea,cLior

:;:::::;;:= ";.::::,i:::; ilij;T":::=i"d:i:,i:i":t:.t:;:.::;'^::, ;:;.,:;:scrrar E nqr-v r,rrier.e rfre ,1";;;;; :"il::,:^::::_ t:_"or par ricurarlv sui red rr_rqo,_,rces arrcr F. sin,rre road.";;::",:";::::::r;::,1,1=r.:!::a:::=-:::1.:::="*,,;il
.:;;;::,.:",,'il,,i.=.:";: ;;::':;: j:u"ir:l:;;.-::,.,:::.?:::tical reaso,rs ,, :

':::;.r:i=';:i:l;;;.?;:::,-lo:,theso"-563=;,srern!nL,sr be oper.ared ar F,,ilsludqe o{ sn:i. hroneove;t=* 
they rli 1l beccrne bloclleci r'rith a thict( viEconsenab'le sLanr-r.,p. t-ire pipe= mu=t be f itted r.rillr trace heaters r_3

Na strch pnclri*nr exisl-s r.ri L!r tire anrrnc:nia sy=Lem. f rr iact tlre tr.ro phase 
'a.t:r-*.::

of tiris s)'stem is explcited to 3r-eat.*ovarrLage givin3 it cer.ta.f eatr.,nes t'riricir sreat-lt tot to its f "--ticabir it!, o.-a.mbierrt tenip-,::lrr::t;;:t-t'to sides of l:lr* rqacticn-ane repr'eserrted b), a iiquia: arnrnclrria, 3.frr1 a.Ja=: 3.

ni><l-r.t.pE o{.
..rrDi-l-,rr.r. .fhi:nit-r'o'--en €nd lr;'d.a:len, ,.,trial., 

=FOriLa.rreousl;, sepa.r.aLe {_norir orie
'1's1-o,='rr 

r-6 ..r:];;:;r;,; ':,.treitlrer' tlre enc.,it',er'rriic or- e>;*trrerr,.ric r-e.rcr_ro. r.i*i:rjp.r:izidoc ., ,_,;;;,,; ,::.:r' 
ro ani' pleceie

:; i:, ,.:;';i;;;, 
-:::,,,:: 

ir=i:ii,,,t:*,:i;;"'i;: 
;::;l:i.:i "::"ilr:" - i;;;;a;

Lr:r,rirrr.ei,r.r i.s_. l_,:qr_,. 1.:r-icr.r oaa, 
rec€iver. ,='* 

reaeLion exLerit or q,-r.:l jLi, af tir.-:.:.,.s b;, vi*r-:-:;-i;,:':::."1X*1"',ii,;;;r.:;::l:li::



I r i i l i I t., (t ,..S 
:f, ,:5 r,t ti18 f. |i.r f.

rn'irrir. l-tqrrt-,-|; rri tii nltqal
f,irrlrllri i ? I Inr.la t"iic .l(i!l:
.....,.,.it.: t.trr,.,,,1..1 ir., I nf il;i
p.r.i-i.is.

\,,;r I !-t* r"jli i cl., *ri.ia:ir5 l-
hi:r-i ii.re lrt.:l lt,l,r?r-.
.lr,;1,-.f I F):.ii..,i=icri i_.){ ca

':..!LI'r€i-rrt!c 
=itai ir oi,,

Iri caLal;.sL t.rit-l.r A. r.*irci-ivrLu
Tlr* lri3lr r.lf:rrsiL2, 11( lrr1L.,i,
Lu{ftr' sl-or.s,-}e {aci i j t-7 t:li;;i

tlie Endollier-r,ric er.rCs {or sl.rot..i

Tlr--":1 rirrtlDrli' 3),,::l--Eti i= ei,=D r-r;1 iqr;.6' irr ir'iai it i= a rri3r-r Fr.es=ur-E sTsr:emi tiiqirirr'=i-qr''i'€ i= t';qr-r{1'arj i-r: favo'-r'rably iri{rr,r-sric=-ar.'*or-riribr.iurn congt_a.rrt +cr.
q"tiflr?'-:iFt in itrcr'+'r=+ i-ire conceni-rai-r.,ns at trie catal;,sL qu.rfa.ces B.rrd r:r:
c{{-r:i 

=ppFrat ion of i iquid arnr.*nia r.ritrrout ref rigera.tipn. Trie pr.essurarol'rinq'd *nr ='''nl-he=is 1s r-tp to 3ooats" Th;; o;;=;;;" is irourever r"iitriin rt",ul"f-lrin i.ra. I1,, ranqe *ar p.es=une ve=seIs and the {er.l r.equined ane c,fsr-nsiqht+ort''i ar-d de==iqn havinq arnbienL ternpenature ws.rrs. Vessels sr..lrLabrefot' lOFl l'Je 5)'r'irresis?n5 have been developed for the arnrnonia syrlt_l,re=isr tl fl (-J.5 | t-.r/ .

Tlre neeci *or "r higl-r pr'es='u.e is corirpensated for in a nurnber o{ !ra),s. y11c;rt[)resElti'F l'"a<is to srrt'1i i cctriporrents and higlr heat trarrsfer coefficrerrrs. itenables t-i-r': I'ise of d ?as trrrbine -tor exlnacti.n o{ r.rorl< direcLly fnorn tl.rt:s)'.r1 t-hesi= !ars st"e_r.. Ttri= l-rJ,G signif,ica.nL berreficial cons€quences iiiirrrpr'overl e-i{iciency and r-edr-lfc:d ao=r resurtinq *rom.the erirrrina.tion of a
stF;rrrr laop ptrcl ?reeLer^ .,penat ir:na.r si;*pl icity. ; f urthen bene*it is trlat theerret-gY r-t-ansponr- p jpel irreg rrlay be cperai-qd at very cr'se to the econonr:.car i:,optirntr'rn level abcr-tt ltoats: any lriSr'rer arrd the r,lalls becsrne preclornir.r;r.r-rrryf-i'i ci< an'r +xpensive and arsr: pur*pin3 logseE tencJ to becorne Siqrri"f icarr t_1 a11,;,
lotrel" ar'rcr ccsLs a.s5.,cia.ted r.ritri the Iar.ge dia.rneter. darninate
Finall''" loolrltrq r'i*i I ahearl llrere i= the rear prospecL of incor.por.'Lirrqecclf-rcrnicar =easr:na.l Etsra,qe i.to a netr*snr< of ammcnia ba.sed solar_ p.r,.,a.,.plarrt=' Trris r'rourd be ecriieved by r-r.5ing aqui*ensr Lrnder:rrou.11 d =tcln.r.:.;,
ne5*t-voitts errclaEed above by a r.ia.r?,t =atunated derrse cap n.lrr{ a.rrd berar.r b;nrcbri 1e qnor-tnd r.iater ccnf_;lined in pclrous rscl< sr sand. Tliese t:{ten cc}rrt-6ilnat'-rral ?a5 r'rlriclt derncrrslrate= t'eir- capabi l it;, of being ab50lu.te11, lr,,;rl,f-iqlrt. T'is r.s trr_re ev?n r.rillr hydrcqen. Tire ririxtr_rre t.. be s;r_oned vi;.rrlt-r'oq*n aiicl li>'clrosen is r--nvi"..;;;"iitt, c.,rnparibre rritli sucli stor.r.J€r.(Artrrlorria is erasil)' si:sred i. large re{rigera.f-ed ra.nr<s at a.rnlrient, pnessr-r.r.ri,Tl-re p.essur'e of tliese ne=Envoir'= is <iet^er'mined by deptlr typicalll'1.r^Krn fcr.tlre neqr-tined l1oalm' casts are rels.ted ta tlre psr.rer- naring oi trre errca.sed:;:li "i"J:":1:::i::i i:i?:- rhu='="1=."*, srorase rni3rrt be pr.ovicrerl rrr

Cori{ irrrrr-:f i-,.- ci !he grninonia sysle_ir

[:or Evs j:-;ns qq5r:n: l i __
cor iiq_p;ir_icn:";]:;:';:J"'::;=,::.::1"=rilr,._::":;;,;,=ll]li;.=;::_:":;:;_.;:.::
a. l- tkre siriql* nor:tinJ. I pnessr,rne ot:lOO ai-in and the dual pne5=rJ.r^e s;,=t_+*..p€'l'ar:ir-r q oi- jiloatrn {ot'll''e s','*tiie'i=er Errd r. loailn for^ trie aissocia.torq. Tri*:.lai't-er h;= l-lie advania-=?s thai- the lcr'rer pressune. is rrror-€ favor--r.r.a.bie ,fr:r-ecor-rornic tt';r-r =pc,.t c+ rr'e neacL;.nl= &rrd iarr trre pr..,fess o{ <iiEsacia.rir:rr.Acilinst ti-r is a {2r:rj stnc!r:,,:*preESor is requirecr t.o ovsrcirne tlr+ l.)r?r:.f,rri-,:i
5r,:n Iri ntc-i.iic* f.iris i.* rit:l a. sq_li!raLe it_*rrr L:uL rrrani.f ?st-s itsel{ a5 :notiqll 1\'/ l::'; i'r'trr'*ss': in l-i-r+ si:e c{ I,ire cc:npr-qggDr trrat i= .ror.nrrllr),p!r-i .,;F clns':''j lr-;r;r :l 'l= i:r-rrb!i'ie 

=-)'=:,€in. Al::i.rcni* liquicl i:, r-e1e,;rsed bn.f:r.repr-, i:r,"-.
!ii?;:5 oF c.:i,titr-.+E:ior-.r lnci i= ;.",*i iebl= .=l a .itt.iqe c* irrterl,tn".!iill.t Fr.{?s!:,.ir-F,r:

?



l.Jnr-l< 
111 d.), be

ls not srr.l-f 
ecovened frr:r't tl:is in the nu'] dn,.,,, ,^

Lrrerrrc:<1..,.,an,i. 
t'::::- ;; ::;;"::::" 

t:o"tn; nu'1 dot',,r to
cls6l.Frrs€ irr ,-' =o''".* or ""::;;:,.,111,1"" comp''*==io,l''"o*tto;:Llewq:l br-rL ir-

::;::;-.,1:.,o':.:':;i."1;:".'::::":::'i::::i.:ji::":i 
:tocr' r e

Der,.ne rhe o. abour.s5%-*Ti'harricar "-;::;:::l:: l:":ff"j:J"lr?::::,t:,'l"o]
cL,^ne ri. r y, *."1,1,1-;;;=;;:"":;:::;"1:^'ll=_:::;;r;::;l:j:a;;;:"i:"f 

":::f =::

Fnenq,, l--a. lanc_e

l-l=in? availa

:::.-,o1, it rs ,!i;=,:;:-.j*o,,-""* parr oi
r,,n trre *ulr l]]ll': l"-orar.r uF a.n €nerr'rhich 

i'ras Frovidect b;, triis

:;:::i;=":::i,:::1.;#":;::;t::=:":;":*li,:::i"-;n::jii,;;,;i":,";:;;:::
nece i ved

Costs

I r, ls7q Da vr-epont orl ,r, ='' 
Pacif ic-' a Da.vy Interna

r.ra5 pclssible 
f easibi lt)' of the Eolar 

",tt"nt' 
coropanyr r'ras corrlmissrorrecJ 

Lo
nri r r iaii i,.,. i,,::,,:":,j:1, i""'"'"r:ab1e =r=o*,1'*lli*rlixll==- rhev .*po"i*.r rhar i lpor^,er ,re""..;,:,1 ''':,: liarv ai1 {ired o"rt;;='::l:":__tn* cost *ould be nz?.2
f i qr-r s.s5 r.rpne 

t 
::tt: ^ 

Tlre operat i nq .o= i 
i.t 

111 .anc 3as tur'b i nes ;;;

;" :i lii * " 
1i":; 

i 
""i;l =::l: 

j tt,i.=i 
t, 

i iii " 
:::' l'. l"o i:":; ^;;"t f; 

=l* 

l' 
* 

; ; ; :: :
p,-apararior, :;:ff ":{ii 

irc,uded r,;a;;';::=":;:::-:::!fo.;;;.,,,.:::ri;:;
:::i::" :::.il;,iii:.;;._":;i":il1;:::::i.;j ';:::::i,-:!:,i.:;?:tl ""cr si Le

Lhe n*r oo,o*..*'* 
tr',* to=.;?";;"";.:

l: th+ ro'q tenr,r o.e r.rorJ.rci pv_o_+ 
,,U*rEr' ouLpu't oJ% qr.eaLer..

rFr':rl*atinq 
""n,::l+nce ..1*';.;;:;:t;::tl*" i,,rpr.cve,nen!s as r.ese€.r.ch cat_a a'd,:" ":l::i"**,;:::_::1..;"i 

*:<ar'tpre it u,o.,,d pay ,i-i,,1'.o=, oi
'-:.ii:;"'",*l.ii';;i''ir;";i::i:=-":.::,;:::" ::.:;;'j, "' a<lditiona'1 5" o{

F, vc;..... s?ir5,ri,1-= 
*-* 0,....i;;-::'|::lo'''i:" trris 

"ott"l 
c.'rlvEt'rr:irrrei 

po'L'Jei'

ir'r.'..,, , ,;;''* 'o r-='|np=,lar.,''". ,"*o*-Ju;:;;jlji-:::=:ri:l;",,,*'''1,,=l:"=, "n
rr* ,.*,=,,*,,t,0, ter,,per.at""l-::,;.,.*":::;:l;=":::":::_:atarysi .r,oJ,,",1|, .::i:,ar.a becor,,es,;":i:oi;T:::'".1.;:;:";:i:i;j"j::::Ii::r ion on.*
riEr.,ef.s t.n i-r. j f,igisr,r=

nnrnrriil rr:r-s poor. li*a.t_ of r.e(lct-ion.
Cfr.rpclr.;lr:J t.t i f_1.

ra.t q3r-rni-5 .t 
or:lier' ca'trdidate rea.rr--ionE

;;::i;,;= ":i;--:;;::i :I::;"":;;'i;:: 'L'iis 
js 

'Lrue

cess i ',: r). *,, 
=llf 

e'sa t.es -':"':,:i;;;:,.,;;-";:::*t":*;i;i'H::,;;=t;";-i:':
: t i on ,,, . ir".,. """ot; ilf



I

Arnrnoni.: s-.,till-resis is a lriqit pr-essune reaction arid is t-lierefc:r.e ,,cji{*iculi-
T-
"r 'rrr rrir:1 r''si:riat cri*nrist jnrere5f-ed in t-h= ea.sieSL metrrod *or.particL.rl:n cl-i

L,r-,dersran.ru,r,*'*trrt rrre pressure neces=*;;;;;;;"':;;.r;:::r^:":. r'|1ar(j'|rq air fi* cosr:_::::;;,:"-::";=;:i::::::":r:"i:.:1.::::;1":;;,::.:"T:i::_:::l
::::i'i:"=i:t:t-:l-.:":]:onenr:s, improv*d n**t rr.e.n={en:::'.,,1 *3i!;1i"":; :l:a desinab,e.:!:il;,.::";l;"ii:.:"::.T,,:";;;:;:.j;:-",n,noni. s,ior.,,c, be seqi, €=possible ar-rc rrie 9as ltrrbirre r.ri i I riave €.rr ur_,u=uar ry ,];;; ;:::liI_?;;:=::;r::
LFal.a?e is s,:r-io,-rs.

i'Ar-e cf :'/. o* tl.re loop {lor.r r.rould reit-re. erie-|-q,). ri=*ded to rnar:u*a.cture ttie r:.:;:. 
tt,:*r:i::l:

, ::;,;;i=:;i":;::;: ::.::l;,,:1'sLer,:.,{o,,evar L,ie,o,era,ic+
i n cr.r r"r--:-ri i- orn,,.,.,,., i " s)/nr_t.,*=:'3 :?"':i: 

Dav;' r-epor" r- a.nd i s

r-:: f)':l'i:r.'r-r' c'f ilie er,rr:r.ri13. 
=;.,*Lrre=i5 ir,du=t-r;, is iria.t trier*e is

jtin'ri Flpr-'-o flie 
=::olll;rr'ric *r'rrJ af r-ire roop can,L r.rorf< in pra.crj": 

€rrer'q','

Tf,ris nl_.1:.r.,_,;rl inn c:alrilEs {rorn tai5'r'fl Fl',+=:--, i.rn.r.s=. Ene...*- ,_:-:"',*.t1"t.3 s, veny super{ici.aI
threp rnairr -f l), ,qoe= intc the cornnrer*cial syr.rf-l.re=js 

vler,r o{. r-r-r e

nap*'rai on="+-'i:;=,.::; lll""t*" {ar rhe {eed sr,,ck cornes {norn ,r-.:::;";_":= jj]'tl're svnr.r'resis ;;;=;::lu ""io= i-c be ccmpnessed {rorn irs *cnrnar-!r:n pr.qsE,rr,e r.{:lTr.re cornbtn_l:;;:;:":;,:ua*" refriseraricn is ernployed to **r.l_.i- errri.nFrri....

:::;:":,.1:"_;:;":;:l;l:::;=;.::;;'i::,':;;::';.;;.:;-:_::: .:;::i"*JI".i;ll;
abn'e cnir-icisrn i= r.rjrfrou;"::;:":.:,r;:l;.:i:";l,sr-c-m iniiia.rrv. ,nere{are **

Thene r.ri li be an envinclnrrtental prcblern i+ arnt:enia lea!<s out"
Fon tl-re

ii,.l;l;:':;;:.":':;:,:,jj,.i ,::::j:":::i;::'';.:;:;:-.:,:"::.1:':,.1".:j;:: l:,,,,tlre vicini.i-r., o{ arnrno.,i* n,*1,,;-'.::::'i^:" ns gneater ttr;is minirnised r,y rhe ract .;::-::;:;l:,*'torase and ='1?r;TI!";::1,,:;:::=r,,;:
;;;;::=o*il'l=";i-iiii-;:iit:t",=i=,=,fi:;l 

ii,':'i:ili::i:;:'r:',:.i[::ii;:l;:il;; ,l:,.::=:"^::';;:',j;;:j;:::ill= sa,rs). Arnrnonia ,ea,,eqe rr.*= ,,o,rpFer .arrnosphere i= disscciar-ed by u,.::.;T:;_:,.'::.:i::,,',,:;1,_.n:""::;:,,,:::r.et_r_(nftg tn
nar,,,ral,w ...;;l:::, ::. ;.::;:;_.:::::;1,.:i.;;i;,.;:.il; 

":i::::" 
.,;:",::::l

;i:"::"=::;"'::i',':T::"ti.;-" be said 'io be *:e source or .:rr o,,.'i",,,, b,ath ir.envinr:nmerrf_. rr- can tlrenef cre ha.rrJr;, be car red a. fi.r.zza.rcl to tlrr:

{-ealr;,.;q lL tlie
r.rlrt.,rt.lrl,:h l e beCar-r=*
t',c)rrld .rbor-.rt eqr_ral
I irri r. r:-f r:). t1.,. is
rr-Jt i -\.,Erj f.,:,:1,_t 1 at_ 1 f,

Catal.,,::t-= ar-.' !rnrv€i lable -f cr- l-li? r,r:l' recjrlirr:d.



Ine rnosL conrnronr)'used s),nt-hesis cat-alyst, aad trre cherhoc+ :_cer'f-ain in:parf-ant a.dditives). The recomi.:.iehdec maxirn, 
a,,eapest, is inon (r.rir-rnn this is Bi.oK. Hence ;'="ri:;r:"::::'::::: maximurn operarins ternp*"ot.,",

;:::;: :" ; ;:;.; ;. t::::=:: =:3 ;;::;.::.::;, r;: :- ::':i:;1. ;;:. ;:i':;:, . l;'i:, i:A. es,_iinare .,r {:he amou"i"ii:.:::il:lr",l;":::; i::,i::::::ri;".1::;";j",?i;;u.sir-rg the rea.

l;:::'i:l:;.iliii:-i':::;;::::":^:i;;:;lj;,;;.:xj*^,:':*,,r,: sTniheEis
runnL-ntr>. o.:::= 

ane cornpatible rrirh.il i-";:'"::? 
is possible a.t alol(.

hishen ;p.;;i::":il::::iated. c,rhen Jl:-i;::: =::;.:;-;::;:1",,.:;t';:::i;.re irnpor tant. o,,r..,,ne= ;::;;";::,lir.;:";:;:;:.::.1:;"r;:il;j::i; ;:" .;:aqr-ri=i t'ion o{ pen{or'mance data' f on a-r-ange of catalyst candidates.
Cnnnosiorr is a problern
' Cor-ro= i on

ar^orncr a ,=ll. ""J;-; :;::t:l-::":: ::"""ia. 
mixes r.ri.r r.,ater as rniqhr .,ccr-rr-

;i;::,1,:::" ::::i";= Il:=;":1,j"::=l::i:x"j:.ir"i:::::":::::."*"il: ;i":l:stril Lhe ternpenature a.nd sr-rengtrr r"equj.red type being-ci-rose^ r-.,

".:::':;;..;:,..1;.1=.i=,=";::i,-;:.::,":;:.,;::,ll,no,.ia berore dissc,cia,i*i c

Il is tnuo itr:* lr.-.r-rre nic1e,, tl" :l:t.;::::, 
t= a l.,t'i sra.ce hear component *iar ,,sees arorre {rr:ornporent ccnrnibute= aj 
oill"=l;,."f"1 in Ure gas ttrnbinq i**=,.,., *,ri=

;:::';::;-;;1,i..;_i'::;; 
"l:;,;":::=i.:*o:"::-,::::"1,."i":.,::,:;::;:;=,.;=::;1.,;j:,::""rlii:.;:::::;'::::.;:::,c,r s.a<1e r,**t. As cor'pe,rsarion,riE

rerrecrs to,on 
aneurar ;i";;;:;";:- bv lor+enins tlrein precisioni r.ri*

the cavi r.,, *ni 
cavi ry *o..,="ll:'":::rll*=".1-r *rat o,iry zo% o{ rrre =ur.rac,::f ance that operates at -..;.,;*ij;;:t ", to an area =r"..o,-rnd i rr.n


