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1. INTRODUCTION

Orie of the mador resesrch efforts of the Eriergswe Conversion
Grour has been directed over the rast four veasrs towsrds
urrdergtasndins the orerstion of thermochemicsl energs  Lransfer
swstems or Chemicsl Hest Fires 58 thew sre becoming more
orFularly  termed, ODver this reriogr the emmonis/ hydroger—

rmitrodgen ssstem rFrorosed by Cardgen L[1] hss bteen studied inm sone

detail +Lthroweh high rFressure dissocistion wrertiments [27s
develorment of thermodsnamic datas L3-5]»y ana & gerneral
Lriermnodunanic snslwsis [5-91 definins the desiren prersting

characteristics and maximum efficiencies for work rroductiorn. In
oversess works Chubb [10:113 of the USA hss been develoring the
sulrhur dioxide/sulrhur  triexide svstems, in West Gevmany the
Wwater/methane (Evalfadzm) swetem is  heins investisated for the

hest from ruclesr rower rlants durins

L,

rUarrose of  distriboatin

nd L1213y snd recentlw Lernz L[13] of the USA hss

1]
ka

reriode of low denm
pecome interested in the smmonis swstem. There hav- slso been s
number of farer studies [14-161 on casndidste chemicsl swstems bt
few rerorts of sctive sxreriments]l work.

The ANU Ernergy Conversicon Grous hss heen deerly involved in
the rFipneering stsses of this new field of ererss resesrch snd
the work hass row resched the roint where it is desirsble +that s
laborstory demonstration of an ammonis-bsased chemicasl hest sire
be mounted, The bssic ressons for embarking  on such &

demonstrastion srrogrzmme 2re &s follows!
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To test the technicsl fessibilite of smmonis-based chemicsl
hezst rires im transferring virtusl high grsde hest between &

thermsl source znd an outrut steam sensrator.

To demonstrate the inherent energw storsse rprorerts of
chemical heast rires bw contiruous orerstiornr of the stesm

denerstor in combimstion with sn intermittent thermzsl source.

To zssess the efficiency of thermochemiczl enersy transfer and
to <=zuge the cuslity of the outrut stesm for the rpurroses of

worhk Froduction.

To ortimise the szvustem creration for maximum  enerss  transfer
zrnd  work eroduction snd comrsre the observed rerformsnce with

the limiting thermodunamic rerformance L&D,

To =Zzir orerstionzl and design exrerience rFrior to 8 detailed
desisn &M economic sssecsment of the wuwtilissation of
snmoniz-bssed chemiczl hest rires for 1-10 He solar rFower

senerstion in remole sTess.

To zscsez=c snd select catslusts for pgrerstion in ammonis—bhased

chemicsl hest rFirFres.

To orerste the chemiczl hest rire in combinstion with
rasreboloidsl spl=aTr collectors snd solar thermochemicsl

absorhers {(Stsge I1).,



In order to comrlete the czse for surrort of develorment of
a3 l1zstorztors scale ammonis—-bssed chemicsl hest rirgs it remsins
te list the sress in which chemilcsl hes rires relaste to the

aversll develorment of & future energy stratede!

- Ernerdgs traogfer from 5 distributed solar collector arrsw to s

central rlznt where hish drsde hest is recsenerated [13.

- Energw transfer between the centrsl sbsorber snd bese souer

rlent inm the centrzl tower/heliostst solsr rower sustem [147,

- ltong term eneress storsge (throush storsse of the sroducts of

the endotheraiic resctiorny [173.

~  8Bplsr electricite senerstion for remnots users st the 1-10 HWe

level [181,.

- Tistribution of hish Srsde rrocess hest from & nuclear rower

rlant curing reriods of low demand [12].

- HDistributiorn of hisgh grade rrocess hest from & remnote thermsl

#lant to industrizl consumers L1913,

=  Synthetic liguid fuel rroduction [19] {(lons termd.

None of these rotentizl srrlicstions can be sssessed on any
rrorer bssis wuntil the technicsl fessibility of chemiczl hest
rires has been estsblished by demonstrstion, While there zre 1o
meJor  Froblems envisaged st Fresent which would rrevent the
ammonis-bssed sustem from gastisfactory orerstiony thére is a8 wet

insufficient evidence 1o warrant conrlete confidence, The only



Wwaw 1ir which such confidence can be estahlished is by
demonstration on & lzbhoratorws scsle &nd in this rrorossl the

resestrch snid develorment rerogrsasmme  reeuired to mount such &

demonstration is outlined.

2., SCALING THE EXFERIMENT

It is imrortant thast the rrorosed demonstirstion Flant should
metch the reauirements for & full-scsle rlanty 8 criterion which
hae some bearing on the selection of the ortimum scsle for &
labtorstory exreriment. For the rresent rFrurroses 1t is convenient
to match the scsle to the reauirements Tor 1-10 MWe solsr rFower
fprneration for remcte sress (Fisure 1), In such & swstems hish
sreselre smmohis is dissocisted st the focus of esch rersboloidsl

dish in salzr collector srras and virtusl hest in the form of

o

the chemicsl enersy boumd in  the hzdrosen—nitrogen wixture is
transrorted +to 8 cenirsl rlant. Electricity is demersted at the
cermtrsl rlznt by orerstion of en emmonisz  ssrnthesissr  surplsing
hish grade hest inm the form of surerhested stesm toc &
conventionsl cteam turbine snd slternstors The outrut hest from
a2 laborstorw ammonis surthesiser should therefore be surrlied in
such 2 waw =5 +to match the inlet stesm recuirements of &
coriverntiornsl stesm turbhine orerstiing with seversl stasses of
renest sngd regenerstive minings That iss the sznthesiser should
be exrected to suprls hish grade hest but rnot necesssrily low and
medium Srade Frrehesting cbtsinsble by resZenersative mixing inm the

stesm turbirne cscle.



Althoush lonmg term energsw storzse is svsilsble from the
gmmonia-based chemics hest rFrire in the form of undersround
storage of the high pressure hedrosen—nitrosen misxture L1271 it
is exrected thst the first dgernerstion cf sclar rower rlants &t
the 1-10 MWe level would orerste initislly in & hubrid mode with
severzl hours of sbove-sround hudrosern-nitrosen storade in hish
wressure tanbs snd fﬁssil fuel backur for nisght orerztion and for
creration ouTins long rerigde of inclement westher. The
cconomics of such & swstem would need to be Justified in terms of
anruzl  fuel ssving., For the lshorstory exwreriments howevers the
storzsge sssect csn be demonstreted by suitshle tznk storage of
the huedrosen—nitrogen miwture without recourse to the ultimste
economics of such z szstem.

The minimum scsle of the exrerimnent is determined
essentizlls v the need &t the szsecond stzege to courle the
crremicsl hest rire to = solar inerutry the obviocus choice being the
rarsholoidsl mirror szstem being develored concurrentls by the
ANU  Enersw Conversion Grour. Two 10 ma' rarebrloidsl soalsr
collectorse oreratinsg st an efficiencw of 75X for 6 hours each dsy
would sive s thermsl inrut of %0 EWh/dssy which ecustes to &
continuous thermsl owutrut (ne=slectinsg svnthesiser losses) of
3.75 kWt, Thst is» the lsborstory semonis dissocistors wouldg
rneed to be reted st turicslls 7.9 kKWL (2 off) snd the senthesiser
rated st turicslls 4 kEKt., It iz shown below in Sectionn 3.2 thst
gas storsse of tuericslly 1.5 m3 st 300 stmosrheres rressudre is
reauired to susrrort comtinvuous operestion of swuch 5 swstem, While
it is not intended to run & stezm turbime from the sustemr it is

aof irmterest to rmote that schievshle electricsl outrut would be



somewhst in excess of 1 kUWe. Orerstion below this level would
rot be regsrded s & rraclticzl demonstrstion for the rurroses of
transferring the results of the wreriment to the desired
orerstion st the 1-10 HWe level. Oreration of +the lashorstors
ewreriment st a3 level much in excess of 4 kWt corntinuous is on
the other hasnd erecluded on the sroungs of incressed cost  for
1ittle discernsble benefit over the lower =scsle.

We s&sre thus in & rosition to summsrise the besic
reauirements for the rrorosed lsborstorys demonstrstion of the
ammonis~based chemniczl hest rire. Heximnum swstem rFressure is
chosen  as 300 stmosecheres which 13 comrstible with stzndard hisgh
FressurTe design technigues  &rnd  is  twricsl of the orersting
sressures of current smmonizs  swnthesis  rlants. The eriticsl

elemernts of the svsitiem wowld bel

- 10 kWt lsborsters hisgh sressure  ammonliz  asnd  dissocistor

st turicslly ?5008 zgnd 390 sztmosrhieres.

-+
[

]
1]
o,

OFeT

3 ! q : . .
= 1.5 m S000 rsi=  hudrodern-nitrogen storzse vessel desisgned

g#lsoc = the swustem liguid/dss serarstor,.

- 4 kWt continuous smmonis swshthesiser with hesat wtrection inm

the rsnse 350-550 C.

-~ 7.5 kWt solsr thermochemiczl shsorber bssed e Smmonis
! ; . j 2
dissocistion for orFerstion st the fococus of &5 10 m

raraboloidsl solsr collector (8tase I1).



3., BASIC QUTLINE OF THE DEMONSTRATION FLANT

The outlime of the rrorosed demonstration rlant is shown in
Figure 2, EBzsicaelley high pressure licuid smmonis is rumred to
Lhe dissocistor where high grade hest st 700-750"C is sbsorbed in
rromoting  the dissocistion of the smmonis into its comrlementary
hedrogen—-nitrogen mixture, A counterflow heast exchanger is
Frovided im order to Frehest the irncoming smmonis snd cool the
outgoing 55 mixtures towsrd ambient temrersturesr thus wminimising
tLhermsl losses in the connecting rirework, The rroduct mixture
is serarsted into g3s snd  liguid rhsses in & Eravitatianal
settling tasmk which doubles &35 the hisgh Fressure shnonis and
hudrosen—-nitrogen storsse vessel, In groder to recover +the hisgh
drsde hesits the hzdrossn-nitrogen mixture is rumred to the swstem
swrmthesiser where the hest is released in the rsnsge 400—60090 =3
the hest of the sxothermnic swynihesis  resctions. The rroduct
mixture is returned to the sesrzrstor &snd sdgainy & counterflow
hest exchanser is wsed to rerovide prehesting snd to minimise
thermal losses,

The hest relesced during the sunthesis resction is extrzcted
from the svetem by means of stesm tubes rositioned srerropristely
irn the ssnthesiser catslust bed., The stezm is hested in  the
range 350—SSOOC; simulsting the erincirsl hest snd rehest
reauirements of & nodern stezm turbine. As discussed sbover
resenerative mixing would rormslly be used to provide the wster
rrehesting. In the rrorosed demonstration rlants  rFrehesting  is
rrovicged by s electric hester with full sccount of the

ifference in orerstion included when assessing  the oversll
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enersys  trensfer rerformance of the svystem.s The rrehestins could
slternstively be rrovided bs desgrsding & rortion of the owutrut
stesmy slthough such & rprocedure does deviste from the required
simulstion of standsrd stezsm turbine orerstion,

More detsiled sustem design is shown in Fisures 3 toc 5 &and
the imrortsnt swetem comronents are described below in Section 4.
The swustem is desigrned to orerste in three different modes
derendins on the enersy  storsge reguirenent. During the
develormernt Frrogramme esch mode would be sssessed to determine
orerctionsl wvisbilitvy in relation to the rotentizl srelicstions
listed in Sectiom 1. The three modes of oreration sre described

in the following rerzErsrhs.

3.1 Comtinuous Iseobstric Orerstion Without Significsnt Storasge

Thizs mode of ocrerstion is the most simrle but st the same
time does ot simulate the internittent enersy source
charscteristic of & seolar rower plants., The swustem ~cerstion may
e &sused by reference to Figure 2. The laborstory dissocistor
would be orersted contimuously (electricslls hested) st & level
of turicslly 4-5 kWtr rFroducing sufficient hedrogen-nitroden
mixture to surrly the feed recuirements of +the ssnthesiser.
Gignificant volumes of =ss storsse would not be essentisl
slthoush storsce would be desirsble for the rurrose of decourlinsg
the resrective crerstions of dissocistor snd swenthesiser, Sustem
rerformance Wwould be messured in tewvms of +the thermsl enersy
tranefer between the electricsl inrut st the dissccistor and the
outrut stesmey tsking suitsble asccount of the water srehester used

to simulate Lthe effect of 3 redernerstive heasting cucle.



The thermsl cuslite of the outrut steasnm would be messured
arnd wsed to sssess the thermnodunamic rerformance in terms of
anticirated work rFroductiorn. The suystem rarsmeters such &8
swrnthesiser temrersture erofile would be varied asnd 3 suitsble
conrsrison made between the ohbserved znd thermodsnsmic limitins

rarformances.,

3.2 Iscchoric (Constant Volume) Orerstion with Storsse

The most simrle wsw in which the swstem cosn orerste
continuously  from an intermittent hest source is in 3 constant
volume mode where the svstem rressure is rermitted to 311 zs the
huerogen~nitrogen minture is  consumed during  the source-off
reriodr and is restorsd to its msximum velue during the source-on
=ETiod. It iz envissged that +the sustem rressure would varg
tretuween =2 meximum  of 300 stmosrbheres ndernr tfull stors=e
conditions snd & mininum of 100 stmosrheres, Given the sgrecified
orerstion st 90 kWh/dsw thermsl dimerut to the sustems with
22,5 kdh  trensferred directly to the ouitrut during the source~on
reviodry sufficient storsde volume miist be available to
accommodate the hwdrogern—nitrosen mixture ecuivslent to the
remaining 67,5 kWh, An estimste of the storsge recuirement V can

be obtsimed from the idesl dHszs lsw

Am
Vv A.P = V\, R‘T

where M7 is the moleculsr weight of the hudrosen-nitrogsen minture

srnd where Hm is  the mass change from suwnthesis Has Lo smmonis
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corresronding to the ststem rressure chanse 4LF, An sllowance of
20% of the storadge volume to sccommodste the liguid smmonis is
ardded to the gss storsse estimster Siving s overall storsse
volume of 1.3 m3. A desisn volume of 1.5 m3 is adorted to sllow
8 suitshle mardgin for inaccursce in the estimstes.

The rarticular advantase of the isochoric mode of orerstion
is thats s&srart from the storzge volumes no sdditionsl ecuirment
iz reauired for orerating the swuster comrzreq to  the isobsric
oreration outlined in Section 3.1. The resronse of the
sunthesiser to the slow chandges in swstem Fressure will need to
he monitored carefullss the chsnse in limiting work recoverw
efficiency Telling from S4% to 44% as the swstem rFressure fazlls

from 300 to 100 stmosrheres L[4],

J+3 Izowsric Orerstion with Stiorsse

Contimutous iscgharic eoreraticn usins an intermittent source
can e imrlemented bw slternste comrression asnd deromsression of
ammonis to snd from the high rressure storsse wvessel., Ire this
cssery the level of lieguid smmonis in the hish Frressure vessel
would vare between 10% and 90X during the socurce-off seriods
maintzining & constant swstem rFressure of 300 stmosrheres., A
reversible comrressor/edransion engine wouwld need to be emrloved
between the hish and low rressure storzge reservoirs {(Fisure 2)»

2llowing wark to be recovered during the smnoniz deECOmFTESS10N.
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The maJdor rroblems anticirsted with orerstion im this thirdg
mode are associsted with the dissalved hudrogsen and mitrosgen
within the high rressure smmonis (1.24 st 300 stmosrheres L[43).
Ort decomeression in  the exeansion endines the dzses would he
verlessed from the solution and would then reside a5 & rermsnent
g35 rhase above the lieuid ammonis in the low rFressure tank, In
arder to rrevent the sressure in this tank from rising too hisghs
either +Ythe gsses should be vented or sltermstively the gSas rhase
should be comprressed snd delivered bhsck to the hish rFressure
storsge vessel, The rroblem of dissolved <=sses rerresents
somewhat of & comrlication whichs slthoush not beins intrsctsbles
wouuld best be svoided in the first instarnce. Orerstion in this
mode is therefore reledsted urmtil such time thst the sliernstive

modes ouutlined in Szcotioms 3.1 asnd 342 have been investigsted.

4, COMHISSIONING THE SYSTEHM

The bzsic elements of the chemicsl hest rire &re shown iIn
Figure 3y with detzils of +the sunthesiser swstem snd the Has
wislity comtrol shown in Fisures 4 end SO resrectively. The
following rFrocedure wouwld be adorted for commissioninsg the

systemn?

-~  Frassure test 511 rsrts of +the sustem and Tlush with dry

rnitrogen to remove dirt and Srit,

-  Evscuste the low sressure smmonis tank snd fill  with h(igh
Furity  smmonis snd sufficint nitrogen to give an oversll
ressure of twuricslly 300 rsigy thus sllowing cavitstion

rroblems to be avoided.



-
w
m,
m
-
g8}

-  Evscuste the main sustem snd rrefill the high erescsure storsse

vessel with smmornis to the 204 level.

Calibrate the disscciation circulstion rFrumre b FPunFIinE samonis

to the sccumulztor and sensing the change in smmonis level.

-~  FReduce the dissocistor catslusst while rumeing ammonis  throush
the swustem comrressor from the low rressure storsse tanks  The
waster-contaminated ammonisz msw be redected from the swstem 1if

NECesEssTs

-~  QOperste the dissocistor {(with smmoniz rumreg Trom the low
Fressure tanbk) to Froduce 3i1 hudroden—-nitrosen mixture for
fil1ling the high pressure storsse tenbk to the desired suastem

oratating Fressure.

-~ Pumpr the hwedrosen—nitrogen mixture througn the swynthesiser and
srensst for cstalust reductions Tollowinsg the rsFrocedure
outlired in Ysrcini L£20]., HMonitor the water ceontent of the

cutlet gss mixture using the £3s auslits control swstenn

-  After castalust reductiors reJect the water-contasminated
smmonis and refill the syzstem with fresh ammnoniz angd
hunrogen—nitrogen mixture, The sustem is rfnow resadwy for

orerstion.,

Orice the swstem has been commissionedy orerstion would
follow one of the modes outlimed in S=ctions 3.1 to 3.3, Detsils

of the sustem orerstion are discussed below in relstion te the
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swstem comrFonent descrirtion outlined in the followins sections

ard will bhe develored further ss the suvstem desisn bhecomes better

dgefined,

S. SYSTEM COMFONENTS

5.1 Ammonis lissocistor

The smmonis dissocistor will be desisned st either the 5 kit
or 10 kUt levels with no rretentions towsrds scalsr thermochemicsl
sbhaorber orerstions The dissccistor woulsd emrlow ssserntiszlle the
same counterflow hest exchsnser a5 uUsed successtulls in Lhe
Mark IV dissocistor L2y suitashly sczled to the incressed level
of orersticons, Alternstivelys several hest exchsnsers in rarallel
8t the szmne scale of the Maerk IV desisn would be used, The
catslust chamoer desisEn is  envisssed in the Torm of 5&ver§l
rerzllel thick-wslled tubes (incolow 800) rachked with cstzlust
and hezsted electricsllye usin® FPorotenen hesting wire. The end of

esch cstsluest tube wouwld be sccessitile throush = tlanked

Ermeto-ture courling msintsined =t essentizlly samhient
temrerstures not beins in the main dsze flow rath. This fezture
worrld ensble  eszse of &ececess Tor cstsluwst rerlscement and
assessment of different catslssts., The dissocistor would te

designed to corerste st & working rressore of 300 stmosrheres snd
st 750°C mawimum temrersture,

Orerstion of the dissociator would be derendent on the
svasileble cstslusts for smmonis disscocistion. This fars onlws the
ICTI 47-1 catslwst haes been tested, being charscterised by &

3 p o
rackea volume of 15 com /bWt for orerstion under conditions of
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R : . O
uniform rower densits  ang merimum temrersture 750 C st

200 stmosrheres {(Figure &6 of ref [2])., Under such conditiornss =n
enersy storsse efficience of B0X is obtsined. lmrroved oreration
woiild be rossible wunder essentislly isothermal conditions
obtzined bv nrmon~uniform windins of  the Furotene: tiesting
wire [23.

It would be desirsble +to reduce *the cestslwst volune
recuirement by wse of more sctive catslussts,. Enguiries sre st
rresent beins made to identifws s more suitsble castszlust snd &
mumber of cstslwsts will be tried when the rrototure lasborstorws
dissociztor is constructed. Ammonis  suntnesis costslusts will
slsa hbhe tested for roles in smmonis dissocigtors. The loecstion
of 2 more sctive dizszociztion castalust is & verw imroriant ssrect
defining the future desisns of solsr thermochemicsl zbsorbers and
rerresents & sesrch thst shoulo be rerformed withh zomne visgour,

The bssic chsracteristics of the rFroroseqg disscocistor sre

suymmasrises =5 follodsi

- Isothermsl orervstion st 750°C and 300 stmosrheres.

- Tubular heat exchsnser following Mark IV desisn.,

- Parallel tubulsr cstzlust chember with sceessible end rFrorts
for catzlust rerlacement.

-~  Non-uniform hesting by Purotene:x hestins wire.

-~  Energsy storsse efficiencs in excess of BOX.

~ High cstalust sctivits to better than 15 en’ /kWt.

-  Oreretion st 5 kit or 10 kWL,

-  fammorniis flow rste twricslls 0,33 & 5"/hut.



“.2 High FPressure Storsse Vessel

It has been shown sbove in Section 3.2 +thet the hish
Fressure €55 storsge vessel reguires sn internsl caracitw of
1.5 n for isochoric orervstion of the sustem between 100 and 300
atmosrheres. Test Frressure would be set st BOOO psix aﬁd the
vessel manufsctured from sllioyw steel (34X Crr 1% Hos 45000 Fsi
wield stress) with smsll bore tor closure (lsvy Fscific Piw Ltds
rrivaete communicstion). In order to wminimise manufacturins
costsy sccoess to the vessel would be throush z sinsle tor rort
with tubnlsr inserts to sccess the liauid shase st the bottom of
the tank. The vessel would be fitted with = licuid level sensor
agccurete to within tericslly 1% of full scale, Ortimum share of
the vessel would be determined frem the merwfscturing orlions snd
installsticn recdirements &t the lshorstory site. Oversall
marufescturing cost mas limit the initisl instsllstion to & lower

caracityg.

“+3 Low Fressure Amnonis Tanhk

The zmnmornis storsge tenk woula be manufsctured from csrbon
steel with csarzeitsy of twricslls 1 m3 to zccommodsate the
reauirements of isobaric orerstiorn with storsge (Section 3+3).
[lesigsn rressure would be szselected st 200 Feis in order that
Fermasnent E€sses could be inserted into the varour rhase in order
to avoid cavitstion rFroblems. The tank would be eaquirred with

liguid level sensors gsuse glsssy snd thermocourle wells. Ortimum

share would z<gzin be determined from the menufscturing ortions.
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5.4 Ammoniz Ssnthesiser q
%.4,1 Imternsl Volume Recuirements

The zmmonia sunthesiser resrecents the most ceritical
comrornent of the chemiczsl hest sirey It is essentisl thst the
design for the demonstration rlant be chosen to msteh the
orerstion of & full-scale ssnthesiser st the 1-10 HWe levelsy =8
twrified by the ICI euench converters described in  Attesctment I.
Given the enthales chznse of 3.3 kJd/g for smmonis swnthesisy &
1000 tonne/dsw rlant corresrondgs to 8 thermal owuterut ;f 38.2 Hut,
We obtsin for the 1000 tonnesdss rlant (1100 short tons) listed
irn Table 1 of attsechment Isr 5 catslwst volume rating ecusl to
0.8 m /it and totsl internsl volume rating ecusl to 1,5 me ZHbL
The corresronding cstalwst volume rsetine euoted bw Cearden [13  is
2.4 m3/ﬁut, sssuming s mesn catslust bed densites of 1.7 tonne/n .
For the =resent demoretrstion rlant where it will he desirstle to
tzilor the sunthesiser temrerature rFrrofile to follew closelw the
eauilitrium line [&1r & rrocedure that corresronds essentisllw to
orersting st lower catsluyst sctivitmwy it would seem sensible to
deraste the ICI figures by 5 fsctor of shout 3 to ensure an
sdeauste desizn marsin. This would result in an oversll
surthesiser internsl wvolume rstinsg of turicslly S me /it
including catslest volume &snd stesm riress The desisn margin
adorted here would reed to be lowered if costs of +the rsrorosed

sunthesiser Frressure vessel becane too high.



5,4,2 Sunthesiser Fressure Vessel

There sre two ortions fTor the swunthesiser rressure vessels

ze shown in Fisure &1

() A hot wsll rressure vessel of & high strength zllow such &s
incolow 800, orerstins =t temrerstures wur to 60006. The

vessel would be fully lzd€ed by Ksowopol insulstion.

(b)Y A colrh wsll rressure vessel with +the cstslgest chsmber
sccommodated in an innmer vessel surrounded by insulstion st

the hish rressure.

For continuods orerstion st 4 kWis  the inner volume
conteining the cseislwet and hest extraction tﬁbes would need to
oecurw shout 20 litrezs given the zbove retins of S5 me /MWt . Eu
adortinsg & lensth +to dizmeter ratio of 4 for the cwlindricsl
caetalust chambers we obitsin 3 cheracteristic length of 75 o and
diameter of 19 cmy Sufficient extrs lensth wouls be recuired at
each end to rrovide room for internsl rire nanifolds sno thermsl
exransion bellows,

The maJdor sroblem with the hot vessel ortion 1s sssocisted
with suitable design of +the full dimemsion end closuresr
consistent with orerstion st +the highn temrersture. Oversll

comduction losses could be reduced to low levels bw racking

sufficient thermsl insulstion arourmd the high epressure Jdachket,
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The ma.Jor rroblem with the cold vessel ortion is sssociated
with the incressed scale recuired for the internsl thermsl
insulstion inside the rressure Jacket, It is shown ip Arrendix I
that the oversll internsl wvolume rer unit lensth for s given
frectionsl conduction loss « throush the coxlindricsl wsll dis

diven in termes of the thermasl casracity é/L Fer unit lendgth as

A< [ﬂlﬂ_ﬁi
LT RL o Qe

where @ is the sctive volume ratins in mo/HWt snd K is  the
thermsl conductiviiw of the inmternsl insulstion. The internzl
volume is rlotted as & functiornn of the thermesl carscits in
Fisure 7 for the czse 8= 5 w2/HWt. It is sssumed here that the
insulation is filled with hish rFressure nitrosen in rFressudre
bhalence with the gss miwture in the cstslest chember. It is niot
rossitble +to &8llow +the hedrogsen-nitrogen misture into the
insulstion resion becsuse of the deleterious effect on the
thermal conductivite of the insulsting Jecket., This restriction
mesns thst the cold vessel ostion must hsve & suitsble rressure
balance mechsnism betweern the immer cstslwst chsmbher and  the
nitregen—Tilled insulsting Jdscket &snd  thst furthers the shell
confining +the catslust chamber amng sitesn tubes mst be
sufficientle thick to withstand rFressure differences of us to
00 rsi caused by frictionsl rressure dror &8lomsg  the catslust
bed.,

The thickrness of internsl imsulstiion recuired for the cola
vessel ortion may be sssessed bx reference to Fisure 7. Allowing

& 974 conduction loss 3nd & 411 length to dismeter ratio Tor the
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‘stsluyst chaembery we obtsin for 4 kWt orerstion & rFressure vessel
irnmer dismeter eausl to 42 cm end catslust chamber inner dismeter
ezl to 192 cm. That diss in order to reduce losses to 3
tolerable level 80 thst full-scsle orerastion REY be
satisfsctorily simulstedy the lardger fraction of the internsl
volume miyst be geeuried by imsulstion. 1t is interesting to note
thst this ssme festure iz unimrortznt for full-scsle ammoenils
sunthesis which 3t the 1000 torne/dss level is characlerised
turicells bw /L eaqusl to 3.2 BWt/m (Attschment I). It is clesr
bw extrarolestion of Figure 7 to higsh values of Q/L that such a
resctor reguires onlwe a thin skinm ef insulstion in order to
reduce conoduction losses to & low fraction ot the enersy
througshrut.

Ir summarsr it would seprezr that there &sre two orltiocons

availshle for =unthesiser rFressure vessel — either hot wsll or
cold well - and that neither lies outside +the score of s
lahoratory dernonstration. The cheoice will ultinastele derernd on

cost and orn ezse of orerstion,. The first ster i sry thorvoush
design sssessment Wwill be to identifye the osrtimum choice for the

recuired demonstration.

F+4,3 Caetalust Chamber DesisEn

At the sresent timer the catzlust chsmber desigEn and
sumthesiser temrerature control sustem desisn sre somewhst fluid
but the besic ocutline cen be gauged bw reference to  the auench
gss ortion drawn inm Fisure 3. The bssic desisn criterion is

sdain that the demonstrstion rlant should match the orerzstion of
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s full-scale rlant snd in rarticulsry be recuired to rrovide hisgh
grade heat in the temrersture ransge 350°C to S550°C as  outlined
shove im Section 2. The catslusst chsmber wonld most rrobsabls be
of multistage desisgn for sdecuste temrerature rFrofile controls
with +the msin #rorortion of resction hest removed bw mesns of
longitudinal stesm rires. The incomins sysnthesis 2411 is
rrehested in the swnthesis hest exchsnser exterrnsl to the msin
~ressure vessel anod constructed by  following the ssme desisn
srincirles as for the dissociztor hest exchanser.

Temgerature control is estsblished either bw the cuench gss
ortion shown in Fisure 4y or bw wusins lztersl rancske-shared
steam coils inm rlace of the 225 mixins chsmbers. In +the first
instsncer +the choice would bhe governed &5 much by simFlicitg af
orerastion a5 bs the need to maximise rotentizl work ogoutrut by
mimimizing 211 sources of irreversibilite. This latter desisn
criterion would need tc be exsmined casrefullw in anw  later
ortimisstion Frocediars.

it hnaes bheen shown in our thecretical studies T8l that in
order +o maiuimise work Froduction from the swsnthesiser it is
desirsble to tailor the temrersture rrofile scross the reactor to
follow & 1lirne of essentislls constant work recoverw efficiency.
The twre of resction rrofile ewxrected from the resctor outliéed
here for either auench gss or lstersl stesm coil comtrol is shown
on the T-H dissgram of Fizure 8, With soed desisn of longitudinsl
stesm tube geometrw (for ewemeler the stesm tubes can be coiled
with decressed srerscing io the dmitizl rart of the cstslwust hbed
where more hest is releasseadly there need be littles if znwr rise

in temrerzture scross the castslust bedy and thus the role of the



auench £ss or latersl sitesm coil is reledsted to that of fine
tenrersture control. In the cuench gss caser an sdditionsl hest
transfer rath would need to be rrovided to remove hest from the
hest exchsnser due to the mass flow imhslsasrnce between the inrFut
arnid outrut gzs sireams» s shown Ln Fisure 4.

There are menw detsils of synthesiser desigsn that need
sssesanent but st this stzge there is littile to be sSsined until
the design has beern firmed. Suffice +to ssy thst the overslil
desisn does not srrear to be outside the exrertise of the Ernergus
Conversion Grourr given that some thousnt is asrrlied to retasining
simrlicitus rerhere  even at the exrense of fully ortimum
agreration in the first instance. letsils of +the resction
Limetics will be considereda before the design is finslisedr and
indeed the comruter corde develored to simulzste the dissociastor

orerztion csn he wmodified simerle to simulste the surhntheceisger

oreration dunder €iven desisn conditicrns,

55 Circulstion Fumes

Both the dissccistor snd swnthesiser circulstion rumrs  sre
double-scting intensifiers +that heave been develored in this
lsborstore following rressure sesling difficulties due +to  the
roor auslite of the Srrasue intensifiers wsed in the rast. The

rraesue 2it motors which srovide 3000 1bf from & 100 rsi=s sir

oy

surrFrly are suyitzble for driving the circulstion runrs.

The rumrs nave been designed so thst the zir drive scts onls
agsinst the rressure differentisl between the inlet and outlet
~orts and not zgzinst the full sustem rressure, The rFumrFs 3are

characterised by the following srecifications!



Stroke! 2.9 cm

Haximum cwclims rstel 3 Hz
llissocistor rumr bore! 2 com
Sunthesiser Pumr bore! S om
Masimum smmonis throushrut! 22 8/5 (AF = 0)
Mamimum senthesis gas throushrut! 22 5/5 st 300 stm (AF = ()
o . 8 s8/s st 100 atm CAF = 0)

Fresesure dror st stsll? 6800 ersis (dissocistor)

1000 rsig {sunthesiser)

The rressure dror limitstion on the dissocistor circulstion rFrume
e to the tensile stress in the msin connecting rod hetween the
hish rrecssure cwlinder anog the zir motor 1s 1300 #siy &
limitstiorn thast could be dmeroved by  better desisn ot the
connecting mechanism.

Sirnice the runrs sre both rositive disslscement urnitsy thewg
Fravide 2 =Sood basis  for develorment of &3 simrle flow control
system based on sutomstic addustmernt of the zir flow to the sir
motor. The disseccisztor rumr sreed ca3n be servoed to  the
dissociator ternrersture or alternstivels set st & canstasnt level.
The sunthesiser rumre  sreed determines the level of outrut hest
from the sunthesiser and will need to be set consistent with the
smounts of sunthesis gase mixture held in storases The wster rume
controlling the flow throush the steasn rires is critiecal in the
asense thst it defines the coasrse control of the ssnthesiser
temrersture profiles. A fail-szfe fFrocedure will need to be

develored in the event of this rumr cessing orerstion during sn

Heeriment .
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.6 Bss Qualitw Control Susten

In closed loor orerstionrs it is imrortasnt thst the oeualitw
of the 3!1 hudrogen-nitroden mixture be conmtinuslly monitoreds
rarticulsrlye since the sgstem will inevitshls be more erone  to
hudrogen loss than to nitrosen loss, The dgss monitoring swustem
hased on & mass srectrometer asnd turbo-moleculsr rumrinsg unit  is
showrn in Figure 5. This sustem ensbles hish rressure samerles of
the owutrut from the synthesiser to be snzlused sTter
decomrreseion initisllw to 1 epsis and then to the 107&"—10"5 torr
level recuired at the masss srectrometer inmlet. In the evént of =
gignificant devistion from the iddesl 3'1 hwedrogen~nitrosen
mixturer the swslem casn be used to gddust the mixture by sddition
af either rure hedrosen or #ure nitrcgensys or ans srecified
mixture, into the sznrlins volume, The &5 a&uslity monitorins
sustem would ke wtilised slsg during the swnthesiser caitslsst
reduction rrocedure to gnsure that the wster conternt did rot rise

ghove turiczslls 10000 Frerm {(see Attschment 1I).

6, SUMMARY

In this rerorts & FProrossl has been ocutlined for develosrment
of an smmonis-hesed chemicsl hest rirFe on & laborstory scsle.
The develorment is motivated bw the need to zssess the +techrnicsl
feasibility of +the chemicsl hest rires to comrsre the observed
oreration with the bkrnowun thermodsnasmic grersting limits amd to
gain orersting rerience sufficient to srecify a desisn for s

chemical hest rire a3t the 1-10 HUWe level. We have endesvoured to
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chow +hat the scsle of the rrorosed develcorment: while rnot
trivisls is not outside the rangse of comretence of the ANU Enerss
Cornversion Grour. It is believed that the scsle chosen for the
demonstration rlant is consistent with the meed 1o mainmtzin an
essentislly linear scaling of the observstions to full-scsle
oreration 3t & 1-10 MWe level.

Wrile the basic sustem comronents receuired to mount the
demonstration have been srecified where rossibler the rresent
scsessment hss rnot been advanced to the stsge where detziled
orerationsl rerocedures sre fully definmeds Such an advancement
hass =n imerortsnt bestins on the desisn detsils of the sestem and
wouls be rerformed before the first stage =f develoraenit of the
chemical hest rire demonstration. Ssfetw ssrects of the
evreriment =sndy in exrticuwlsary  the selection of & suitable
locstion for the hish rFressure vessels ang ssnthesiser wonuld slso
be &r imrortamt considerstion before the Tfirst stsgse of

develorment.
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AFPFENDIX I

Irnternel VYolume Recuirements for Ammonis Sunthesisers
with Internsl Thermsl Imsulastion
We consider & cwlindricsl smmonia swnthesiser of radius R
ang length L. The sunthesiser is Titted with am axizl
culindricsl resctor or radius v contsining cstslsst beds asnd
steam tubes. The rewginins snmslar serace is filled with thermal
imgulation, We wish to ecalculste the oversll internel wvolume U
of the sunthesiser in terms of the thermsl cerscity & Lrndernr
conditions where there is 2 constant Tractional conduction loss =

given by

R (Z.1)

The conduction loss is defined by the stasndard formdles

. ~ o2 KL AT Ser
GQhﬁé of L ( Q‘lp) (J” )

where K is the thermsl conductivitys of the insulating lawer and
where 8T is the temrerature difference scross the insulation,

The catalsst sctivity is rasted scecordinsg to the fsctor F
which defines the active volume including catslwst beds arnd stean

tubes rer unit thermsl csrscits

6 = Ll [ & (£ 2)

and by combining (I.1) (X.2) &snd (1.3)r we obtsin Tor the

gverasll inmntermsl volume



éb K AT
i it [ L &L (T 4

wherer slso
\Yj
SRR T 2

It is seen from (I.,4) that st the large values of Q/L turical of
large smmoniz converters» the internal volume tends towards the
activg volume snd R tends towsrds 1. That isrs for large
reactorsy onlw &5 thin skin of insulztion is=s recuired to reduce
the conduction loss to & smzll fractionm of the oversll +thermsl
caracity of the resctor, Un the other hands the exronentisl term
in (I.4) becomes rFrosressivels more imrortent ss G/L ie lowered:
sarticolarly Tor hish wvalues of thermsl concuctivitw and low
conduction losses. Given & chosen value of the loss fasctor oy
the ortimum choice for smell reactor size would lie in the
vicinite of the wmirnimum on the charscteristic curve defined by ols
35 seen in Fisure 7. The exact choice would rmormslly he
constrained by the rractical limits on the lensth to dismeter

ratio for the exslindricsl sctive volume.



ICI Quench Converter for Large Ammonia Plants

INTRODUCTION

Figure 1 . Since 1963 IC| has installed several new ammonia
' plants of increasing capacity on various sites in the
United Kingdom and the world. As the size of am-
monia plants increased it has been recognised that
there is a need for a simple converter for use in large
single-stream plants.
The key points in evolving a converter design

arg—

Economy in size

Simplicity and efficiency of operation

Easy loading and unloading of catalyst

Simple and quick erection

g o e d

’ b | : Easy internal inspection and maintenance

i | ‘ [ | Safe entrance for inspection and repair

il al 1 The ICI Quench Converter was designed to fulfil

! i ekl : ; the above conditions, and is suitable for a range of
4 ! I IR outputs from 600—1650 tons/day. The first converter
1 4 R 5 jﬁ of this design, with a capacity of 956 tons/day, has
A LS recently been successfully commissioned on one of
71 MRl ICI's existing ammonia plants at Billingham and has
}}}j‘ proved to be extremely successful in operation.
* | FEATURES OF THE CONVERTER
rl [N |7 The converter is shown diagrammatically in Figure 7.
j ‘-;I'"gi; IS v The catalyst is contained in a single annular bed

' “ ’ surrounding the central heat exchanger. Quench gas
I I 7 is introduced at intermediate points down the catalyst
T . 7 bed by means of the specially designed gas distri-

7| ’ butors. A detailed description of this and other

7! I features of the converter is given below.

% QUENCH GAS DISTRIBUTION
il ] The outstanding feature of the converter is the con-
i tinuous bed of catalyst which allows simple charging
7 and discharging of the catalyst and also permits
I i efficient use of converter volume by eliminating the
= usual space-wasting voids which are otherwise neces-
sary to achieve quench gas introduction and mixing.

These advantages are made possible by the use
of the gas distributor —often referred to as a lozenge
—which is carefully designed to introduce quench
gas with maximum efficiency of mixing whilst at the
same time occupying the minimum volume within
the cartridge space. The converter, of which the
distributor is a feature, is the subject of U.K. Patent
1105614 and U.S. Patent Application 448191. It is also
patented in a number of other countries.

The elimination of inter-bed support grids and
voids has meant that capital cost savings can be
quoted over most conventional converters in the

A Gas Inlet range of 650 —1650 tons/day.

B Gas Outlet The lozenge distributor shown diagrammatically in

c Quench Gas Inlet Figure 2 consists of a central perforated pipe through

D Direct by-pass gas distributor and/or start up which the quench gas is introduced. This is sur-
izl Gl el rounded by a diamond-shaped frame covered with

5 zzzglr;'::e;jscharga U wire mesh or perforated plate fine enough to prevent

catalyst particles passing through into the interior.
The shape of the lozenge is such that the catalyst




completely surrounds its outer surface without leav-
ing any voids. The gap between each side of the
lozenge and the catalyst bed retaining walls is suffi-
cient to allow free flow of the catalyst during charg-
ing and discharging. ’

As the resistance to flow of the path through the
lozenge is considerably smaller than the alternative
path through the surrounding catalyst, most of the
gas (about 95%) passes inio the distributor and
mixes with the quench gas. The mixed gas then
passes into catalyst below the lozenge where an even
temperature front is re-established.

CARTRIDGE SHELL

The cartridge shell is insulated on its outer surface.
It is located in the pressure vessel by means of a
spherical seat, thus simplifying the problems of cen-
tralising the cartridge during construction.

Flgure 2

HEAT EXCHANGER

As the heat exchanger is a completely separate unit
from the cartridge shell, the two parts are transported
separately and the exchanger is simply lowered into
the converter after installation of the cartridge., No
joint or seal is required between the exchanger and
cartridge shell. The exchanger can therefore be
easily removed for maintenance.

CATALYST DISCHARGE NOZZLES

The catalyst is discharged from the converter through
the nozzles at the base of the vessel, the catalyst in
the upper beds flowing round the lozenge distri-
butors. Only a smail quantity of catalyst is left in the
bottom of the converter, and as this is unlikely to be
poisoned it need not be removed unless entry to the
vessel is required for other reasons.

HIGH PRESSURE SHELL —-

ANNULUS
\

INSULATION — |

LOW PRESSURE SHELL —

ICi CATALYST 35-4— |

UENCH F
o Q GAS FEED TO DISTRIBUTION PIPE

LIFTING LUG

WIRE MESH

QUENCH GAS DISTRIBUTION PIPE

SUPPORT LUG

L2
D A

SUPPORT




PRESSURE VESSEL

The pressure vessel and its closure are not designed
by IC1, but may be obtained from any experienced
fabricator in this field. ICl can, however, offer a suit-
able high pressure joint design.

The cartridge is designed for use in a pressure
vessel with a full bore closure. Whilst nat an essential
feature of a quench converter design it has been
used by IC! for a number of important reasons:—
(1) The cartridge may be withdrawn easily to allow

inspection of the complete inner surface of the

pressure vessel. At the same time any neces-

sary maintenance to the cartridge insulation may
be carried out.

{(2) All parts of the cariridge are easily removable
for maintenance. It is well known that the stain-
less steels used in the construction of all am-
monia converter cartridges are subject to nitrid-
ing attack and parts must therefore be replaced
periodically. The use of a full bore closure means
that the work can be carried out quickly with
the minimum loss of production time.

{3) Any work involving entry to the converter can
be carried out with greater safety. A man inside
the converter has better ventilation, better light
and a better escape route than in vessels which
have to be entered via a manhole or series of
manways.

The design is limited to the maximum diameter for
which it is believed a successful full bore pressure
vessel closure can be mede. This variss with pres-
sure and at the moment is limiisd o an internal
diameter of 100 inches for vessels oparating at about
4,500 psig. The recently commissicnad ICI Quench
Converter at Billingham operates at lsss than 2,100
psig and internal diamster of the pressure vessel is
131 inches. This large closure has not given rise to
any difficulties. The limiting diameter for operation
at 3,000—3,500 psig is about 110—115 inches.

TABLE 1

Typlcal figures from
recent ICI Quench Converter designs

Output {short tons/day) 660 990 1100 1650
Pressure (psig) 4700 3200 4250 3220
Inlet gas: Ammonia % 40 30 32 1-4

Jdnerts (CH.1+A) % 150 120 150 120

Converter inlet rate (mmscfh) 106 180 185 245

Catalyst volume (ft*) 740 1170 1100 2400

Pressure vessel

Internal diameter (inches) 80 96 95 109

Ltength (inches) 437 493 472 700
Weights (short tons):

Cartridge shell 142 342 228 56-4

Heat exchanger 155 300 254 238

Pressure vessel 130 128 182 240

(excluding cover)

HIGH GRADE HEAT RECOVERY

Heat may, of course, be recovered from the converter
effluent gas, the temperature of which is about 500°F.
Should recovery of higher grade heat be required, an
alternative converter design is available, in which
part of the effluent gas is taken from the converter
immediately after leaving the catalyst bed. Heat
recovery can be of the order of 1-5x10* Btu per
ton of ammonia. The remaining gas passes through
the internal heat exchanger as usual. A converter of
this type is necessarily larger and more expensive,
mainly because the mean temperature difference in
the internal heat exchanger is reduced.

The high temperature gas taken from the bottom
of the converter is usually used to preheat boiler feed
water. The effluent is then further used to preheat the
converter feed and quench gas,

CONVERTER SIZE

The size of an ammonia converter depends on the
process conditions as well as on the size of the plant.
There is not therefore a simple relationship between
the size of the converter and the output of the plant
it can serve. Typical figures from recent designs are
however, given in Table 7. Table 2 gives details of
typical 1300 short tons/day ICI Quench Converters
and illustrates variation in size with pressure.

SERVICE TO CUSTOMERS

If required ICI wiil provide the contractor with assist-
ance in the erection of the cartridge and in the reduc-
tion of the catalyst within it. If the customers wish,
ICI can provide advice, free of charge, on the opti-
mum temperature profile and quench gas rates at any
time during the life of an I1CI catalyst charge, using
the customer's own data.

TABLE 2
Typical figures for ICi Quench
Converters of 1300 short tons per day capacity

Pressure {psig) 2200 3200 4000 4700

Ammonia % 2 2 2 2
Inerts (CH(+A} % 12 12 12 12

Converter inlet rate {mmscfh) 258 212 188 190

Inlet gas;

Catalyst volume {(ft*) 2600 1730 1320 1030

Pressure vessel

Internal diameter (inches) 120 102 a6 a9

Length {inches) 663 606 528 488
Weights (short tons):

Cartridge shell 685 408 292 236

Heal exchanger ar1 254 207 179

Pressure vessel 186 184 187 189

{excluding cover)}

Converter pressure drop {psi) 140 104 87 91




Advantages of ICl Quench Converter

|
:

B Efficient mixing of quench gas gives an even temperature profile across

f the catalyst bed

M Elimination of voids between catalyst beds gives maximum utilisation of

converter voilume

R

B Economically competitive converter designs based on advanced computer
program and up-to-date research on reaction kinetics

Lozenge distributors permit rapid loading and unloading of the continuous

bed of catalyst

B Full bore closure gives good access for inspection and maintenance

H Separate cartridge components reduce weights to be lifted and simplify

installation and maintenance

B Recovery of high grade heat possible

H Design backed by ICl's forty years experience in ammonia manufacture and

converter design and fabrication

Lozenge distribulor under canstructicn
in IC| Agricultural Division’'s workshogps.
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MECHANICAL CONSIDERATIONS

An ammonia converter cartridge is complex and
operating conditions are severe. Design temperatures
of different parts range from 120°F to 850°F and it is
subject to heavy loads from the deep bed of abrasive
catalyst.

To achieve reliable operation under these circum-
stances, it is desirable that a converter design should
he as simple as possible, incorporating well tried and
proven features. The ICI Quench Converter satisfies
this requirement.

Various factors must be considered in the design,
including thermal expansion. Overall expansion is
allowed for by installing expansion bellows on the
connections to the cartridge. Uneven gas distribu-
tion, particutarly at startup and shut-down, can
bring about different mean wall temperatures on two
opposite sides of the cartridge. In severe cases this
may cause bending of the cartridge. The gas distri-
bution in the ICI Quench Converter has been demon-
strated to be very good and the design also allows
for changing or emergency conditions in which bend-
ing of the cartridge might occur.

Uneven gas distribution can also mean that opti-
mum use of the cetalyst cannot be achieved, and
therefore particular care has besn taken to ensure
that the distribution of cold gas in the lozenge distri-
butor is good. Aspects that have been considered
include the proportion of gas actually passing
through the lozenge, the eiffect of hezt transfer to the
cold gas pipe, and the position and size ci the holes
in the pipe. Experimental work and computaer calcul-
ations on the behavicur and pe-iormance of the
distributor have been carried out as reguired to pro-
duce the present efficient design.

Experimental work has also been carried out to
assist in the prediction of the heavy loads exerted
by the catalyst on the various retaining walls of the
cartridge.

Bellows are used for all gas connections to the
cartridge. These are more eiiective in preventing
leakage of cold gas into the cartridge than the altern-
ative method involving the use of packed glands.
Leakage results in a reduction in catalyst tempera-
ture and in extreme cases causes loss of converter
autothermicity. If cold gas enters one side preferent-
ially, cartridge bending as described above could
result. It is therefore important that reliable gas con-
nections are used.

ASSEMBLY CONSIDERATIONS

As the cartridge, heat exchanger, and pressure vessel
cover arg all about the same weight, and the cart-
ridge need never be lifted whilst full of catalyst, the
lifting gear required during construction is minimal.
With an efficient construction team, and all necessary
equipment available, it has been shown to be pos-
sible to install the cartridge and heat exchanger in
the vessel, load the catalyst and complete the closure
of the vessel in under 200 hours,

OPERATING EXPERIENCE

An ICl Quench Converter has been installed to re-
place a converter on an existing ammonia plant at
Billingham, and was successfully commissioned in
February 1969. The principal features of this con-
verter are as follows:—

Pressure vessel internal diameter 131 inches
Cartridge length 480 inches
Design output 956 tons/day
Operating pressure 2080 psig

The converter cartridge was fabricated in ICl Agri-
cultural Division's workshops at Billingham, where
over sixty ammonia converter cartridges have heen
manufactured in the past forty years.

Following the start up, which took only four days,
the converter produced ammonia consistently at
106% of flowsheet rate at 1950 psig, the limitation
being the availability of synthesis gas. Shortly after
start up, the converter was capable of an output of
at least 1050 tons/day.

Distribution of gas within the converter has proved
to be very efficient. Thermocouples placed at oppo-
site points on a diameter within the converter have
shown that the horizontal variation in temperature is
only 2—4°C.

The converter contains approximately 190 tons of
ICl Catalyst 354 which was not pre-reduced. Experi-
ence with this catalyst has shown that its activity is
not impaired by rapid reduction, and it was accord-
ingly reduced rapidly with a fixed limit to the water
content in the gas leaving the converter of 10,000
ppm. The water concentration in the effluent gas
actually reached a peak of 9000 ppm and subsequent
determinations of catalyst performance showed that
the activity was normal for newly reduced catalyst.

Two further ICI Quench Converters have heen con-
structed. One, with a capacity of 825 tons/day is
awaiting commissioning, and the second, of 695 tons/
day capacity, will be commissioned during 1970.

Further information may
be obtained trom

Agricuitural Division

The Sales Manager (Licensing)
Imperial Chemical Industries Limited

P.O. Box No. 1, Billingham, Teesside
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