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1, INTRODUCTION 

One of the maJor research efforts of the EnerSY Conversion 

GrouP has been directed over the Past four years towards 

understandins the operation of thermoc-hemic5l enersw transfer 

s~stems or Chemical Heat PiPes a~ the~ are becomins more 

POPularlY termed. Over this Period, the affimonia/hYdrosen-

nitrosen ssstem ProPosed bs Carden [lJ has been studied in soffie 

detail throush hish Pressure dissociation e:<Perir.,ents C2J, 

develoP11,ent of the r mo1:hmam ic data [3-~J, and 

thermodsnamic analYsis [5-9] definin~ the desired 

a Seneral 

OPeratins 

characteristics and maximum efficiencies for work Production, In 

overseas work, Chubb [10,11] of the USA has been developing the 

sulphur- dioxide/sulFhur trioxide s~stem , in West German~ the 

water/methane (Eva/Adaru) s~stem is beinS investisated for the 

Purpose of distributins heat from nuclear power Plants durins 

Periods of low demand [12J, and recentlw Lenz (13] of the USA has 

become interested in the ammonia s~stem. There hav- also been a 

nu~ber of PaPer studies [14-16] on candid~te chemical swstems but 

few reports of active exPeriffiental work. 

The ANU Enerss Conversion Group has been deePl~ involved in 

the PioneerinS stases of this new field of enersw research and 

the work has now reached the Point where it is desirable that a 

laborators demonstration of an ammonia-based c-heffiical heat PiPe 

be mounted. The basic reasons for e~barkin~ on such 0 

demonstration PrOSramme are as follows: 
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To test the technical feasibilit~ of a~ffionia-based chemical 

heat PiPes in transferrinS virtual hish srade heat between a 

thermal source and an output steam senerator. 

To demonstrate the inherent enerss storase proPerts of 

cheruical heat PiPes bs continuous operation of the steam 

~enerator in combination with an intermittent thermal source. 

To assess the efficiencw of thermochemical enerss transfer and 

to ssuse the ~ualit~ of the output steam for the purposes of 

work production. 

To optimise the ssstem oPeration for maximum eners~ transfer 

and work production and compare the observed Performance with 

the limitinS thermodsnamic perfo rm ance [6]. 

To Sain oPerationsl and desiSn experience prior to a detailed 

desi~n and economic assessment of the utilisation of 

~mmonis-based chemical heat pjpes for 1-10 HWe solar Power 

seneration in remote areas. 

To assess and select catalssts for operation in ammonia-based 

chemical heat PiPes. 

To operate 

Paraboloidal 

the chemical heat PiPe 

solar collectors and 

absorbers (Stase II). 

in combination with 

solar thermochemical 



.J 

F'a~e 3 

In order to comPlete the case for SUFFort of development of 

a laborator~ scale ammonia-based chemical heat PiPe, it reffiains 

to list the areas in which chemical heat PiPes relate to the 

overall development of a future ener~~ strat~s~: 

Eners~ transfer from a distributed solar collector arraw to a 

central Plant where hish Srade heat is re~enersted [lJ. 

Enersw transfer between the central absorber and base Power 

Plant in the central tower/heliostat solar Power s~stem [14J. 

Lons term eners~ storase (throush storase of the Products of 

the endothermic reaction) [17J. 

Solar electricits seneration for remote users at the 1-10 MWe 

level [18]. 

Distribution of hish Srade process heat from a nuclear Power 

Plant durins Feriods of low demand [12J. 

Distribution of hish Srade Process heat from a remote therffial 

Plant to industrial consumers [19J. 

S!:mthetic .1 i ~r.ii d fuel Prod1.1cti on [ 19J ( lons term). 

None of these Potential aPPlications can be assessed on sn~ 

PT'OFer basis 1.1r1til the technical feasibility of chemical heat 

r-iPe s has been established b~ demonst ratior,. While- there <>re no 

m ;:., ,j o r F·roblems envisased at Present which wou 1 d r-· re vent the 

ammonia-based s~stem from satisfactorw operation, there is as Yet 

insufficient evidence to warrant complete confidence. The or,11:, 
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waw in which such confidence can be established is bs 

de~onstration on a laborator~ scale and in this Fropos~l the 

research and development Pro~ramme reGuired to mount such a 

demonstration . is outlined, 

2. SCALING THE EXPERIMENT 

It is important that the Proposed demonstration Plant should 

match the reouirements for a full-scale Plant, a criterion which 

has some bearins on the selection of the optimum scale for a 

laborator~ experiment, For the Present Purposes it is convenient 

to match the scale to the reouirements for 1-10 MWe solar Fower 

Seneration for remote areas (Fisure 1>, In such a s~stem, hi~h 

Pressure smmonia is dissociated at the focus of each P~raboloidal 

dish in a solar collector arras snd virtual heat in the form of 

the chemical ener~~ bound in the h~drosen-nitrosen mixture is 

transported to & central Plant. Electricits is Senerated at the 

central Flant b~ 02erstion of an smmonia ssnthesi~~r suFPlsins 

hish ~rade heat in the form of superheated steam to a 

conventional steam turbine and alternator, The output heat from 

a laborstors ammonia ssnthesiser should therefore be SUPPiied in 

such a was as to match the inlet steam reouirements of a 

conventional steam turbine oFeratinS with several stases of 

reheat and resenerative mixins. That is, the synthesiser should 

be expected to suPPls hiSh Srade heat but not necessaril~ low and 

medium ~rade Preheatins obtainable by re~enerstive mixins in the 

steam turbine cscle+ 
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Althou~h lons term enerss storose is oVailable from the 

a~rnonia-based chemical heat PiPe in the form of undersround 

stora~e of the hi.Sh pressure hwdrosen-nitro.Sen mixture C17J, it 

is expected that the first seneration of solar Power Plants ot 

the 1-10 MWe level would operate initiallw in a hwbrid mode with 

several hours of above-sround h~drosen-nitro.sen storase in hiSh 

pressure tanks and fossil fuel backup for nisht oPeration and for 

oF-e r·at ion durins lon.S periods of inclement weather. The 

economics of such a ssstem would need to be Justified in term s of 

annual fuel savins. For the loborators experiment, however, the 

storase aspect can be demonstrated bs suitable tank storase of 

the hydrosen-nitro.sen mixture without rerourse to the ultimate 

econoruics of such a system. 

The minimum scale of the e:•:F·e r i rr, ent is deterl)'rined 

essenti s lls bs the need at the second stase to couple the 

chemical heat PiFe to a solar inFut, the obvious choice beins the 

Paraboloidi:>l mirror s~stem bein~ developed concurrentlw bw the 

ANU Eners:: Conversion Group. Two 10 rn~ Parabnloidal solar 

collectors oPeratins at an efficiencs of 75% for 6 hours e~ch daw 

would sive a thermal input of 90 kWh/da~, which eGuates to a 

continuous thermal output <ne~lectins swnthesiser losses ) of 

:1. 75 kWt • That is, the laborators ammonia dissociators would 

need to be r~ted at t~Picallw 7.5 kWt <2 off) and the swnthes iser 

rated at tsPicalls 4 kWt. It is shown below in Section 3,2 that 

~as storase of tsPicall~ 1.5 ru
3 

st 300 atmospheres Pressure is 

reauired to SUPPort continuous operation of such a ssstem. While 

it is not intended to run a ste~m turbine from the s~stem, it is 

of interest to note that achievable electrical outPut would be 
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soffiewhat in excess of 1 kWe, 0Per5tion below this level would 

not be ressrded ass Practical demonstration for the PUrPoses of 

transferrin~ the results of the experiment to the desired 

operation st the 1-10 HWe level, Operation of the laborator~ 

exPeriffient at a level much in excess of 4 kWt continuous is on 

the other hand Precluded on the Srounds of increased cost for 

little discernable benefit over the lower scale, 

We are thus in a Position to s1Jmma rise the basic-

reGuirernents for the Proposed laborators demonstration of the 

amffionia-based chemical heat PiPe, Maximum ssstem Pressure is 

chosen as 300 atmospheres which is compatible with standard hish 

Pressure desisn techniaues and is tsFica! of the oPeratinS 

pressures of current ammonia ssnthesis Plants. The critical 

elements of the s~stem would be: 

10 kWt labor&torY hish Pressure ammonia snd dissoc iator 

OF-erated 
0 

at tsPicalls 750 C and 300 atffiosPheres, 

1.5 rn3 5000 psi~ h~drosen-nitrosen storase vessel desisned 

also as the ssstem liGuid/~as separator, 

4 kWt continuous ammonia ssnthesiser with heat extraction in 

D 
the ranse 350-550 c. 

7,5 kWt solar thermochemical absorber based on 

dissoci atior, for ope rat i or, at the focus of 6 

paraboloidal solar collector <Stase II). 

ammonia 

:). 

10 ITI 
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3. BASIC OUTLINE OF THE DEMONSTRATION PLANf 

The outline of the proposed demonstration Plant is shown in 

Fi.S•Jre 2. Basicall~, hish Pressure liGuid ammonia is PUmPed to 

the dissociator where hish srade heat at 700-750°C is absorbed in 

PromotinS the dissociation of the ammonia into its comPlementarw 

h~drosen-nitrosen mixture. A counterflow heat exchanser is 

provided in order to Preheat the inc omins affimonia and cool the 

outsoin9 Sas mixture toward ambient temperature, thus rainimising 

·t.hermal losses in the connectinS PiFework. The Product mixture 

is separated into Sas and liauid Phases in a Sravitational 

settlins tank which doubles as the his~ pressure ammonia and 

h~drosen-nitro~en storase vessel. In order to recover the hiSh 

~r~de hest, the hwdrosen-nitroeen mixture is PUmPed to the ssstem 
0 

synthesiser where the heat is released in the ranse 400-600· C as 

the heat of the e:~othe rm i c s<;:;n+.,hes is reaction . The F--roduct 

mixture is returned to the separator and asain, a co1Jr1terflo1.J . 

heat e:-~chanser is used to F-·rovide Preheatins a1,.J to miriimise 

therr.1a 1 1 osses. 

The heat released durins the ssnthesis reaction is extracted 

from the s~steffi b';:; means of steam tubes Positioned aPProPriatelw 

in the s~nthesiser catal~st bed. The steam is heated in the 

ranse 350-550°C, simulatin!:i' the F·rinc-iPol heat and reheat 

re~uirements of a modern steam turbine. As discussed above, 

resenerative mixins would normally be used to provide the water 

Preheat iris. In the Proposed demonstration Plant, Preheat i rt s i s 

Pr·ovided by an electric heater with full occount of the 

difference in operation included when assessinS the overall 
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enersw transfer Perforffiance of the sssteffi. The Preheatins could 

alternativels be provided bs desradins o Portion of the output 

steam, although such a procedure does deviate from the reouired 

simulation of standard steam turbine operation. 

More detailed ssstem desi~n is shown in Fisures 3 to 5 and 

the iffiPortant ssstem components are described below in Section 4. 

The s~stem is desis.ned to oPerate in three different ffiddes 

deF·endins on the enersw storase remuirement. During the-

develoPment Programme each mode would be assessed to determine 

oPerstional viabilits in relation to the Potent ial aPPlications 

l i sted in Section 1. The three modes of operation are described 

in the followinS parasraPhs. 

3.1 Cont i nuous Isobsric Operation Without Significant Storase 

This mode of operation is the most simPle but at the some 

time does r,ot sirwJlate the intermittent enerss source 

characteristic of a solar power plant. The s~stern ~ceration maw 

be saused bw reference to Fisure 2 + The laboratorw dissociatbr 

would be operated continuousls (electricall~ heated) at a level 

of twPicalls 4-5 kWt, producinS sufficient h~drosen-nitro~en 

mixture to SUPPls the feed reauireffients of the s~nthesiser. 

Sisnificant voluffies of Sas stor~se would not be essential 

a lthoush stora~e would be desirable for the PUrPose ot decouPlins 

the respective operations of dissociator and ssnthesiser. Swstem 

perfo rmance would be measured in te1·ms of the thermal eners~ 

transfer between the electrical inPut at the dissociator and the 

outPut steaffi, takinS suitable account of the water Preheater used 

to simulate the effect of a reSenerative heatinS c~cle. 
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The thermal ~ualits of the outPut steam would be meosured 

and used to assess the thermodYnaIDic Performonce in terms of 

anticipated work Production. The system Parameters such &s 

synthesiser teffiPerature Profile would be varied and a suitable 

co~Parison made between the observed and thermodYna~ic limi ti ns 

>"e r•formances. 

3.2 Isochoric (Constant Volume) □Peration with Storase 

The most simPle wa~ in which the system can operate 

continuously from an intermittent heat source is in a constant 

volume ffiode where the ssstem pressure is Per~itted to fall as the 

hsdro~en-nitrosen mixture is consumed durins the source-off 

Period, and is restored to its maxiruum value durins the source-on 

PE":r·iod. It is envisa~ed that the ssstem pressure would var~ 

between a maximum of 300 atmospheres 1Jnde r f1Jl 1 storase 

conditions and a minimum of 100 atmosPheres. Given the specified 

oPeration at 90 kWh/das thermal inPut to the ~sstem, with 

22.5 kWh transferred directly to the outPut durins the source-on 

F-eriod, sufficient storase volume must be available to 

accommodate the hwdroSen-nitrosen mixture eGuivalent to the 

remainins 67.5 kWh. An estimate of the storase reGuirement V can 

be obtained from the ideal Sas law 

AM 
VAP ~ ti'\ ~, 

where M' is the molecular weisht of the hsdrosen-nitrosen mixture 

and where 6m is the mass chan~e from sYnthesis Sas to ammonia 



_J 

1 

F'oSE 10 

correspondins to the ssstern Pressure chanse AP. An allowance of 

20% of the stora~e volume to accommodate the liouid ammonia is 

added to the Sas stora~e estimate, sivins an overall storase 

vc>lume 3 of 1+3 m • A desisn volume of 1.5 ml is adopted to allow 

a suitable marsin for inaccuracs in the estimates. 

The particular advantase of the isochoric mode of operation 

is that, apart from the storase volume, no additional eGuiPment 

is reGuired for oPeratin~ the s~stem compared to the isobaric 

operation outlined in Section 3.1. The response of the 

s~nthesiser to the slow chanses in system pressure will need to 

be monitored carefully, the chanse in lirnitins work recover~ 

efficiencs fallins from 54¼ to 46¼ as the swstern Fressure falls 

from 300 to 100 atmosFheres [4J. 

3 .3 Isobaric 0Peration with Storase 

Continuous isobaric operation usins an intermittent source 

can be imPlemented bs alternate comPression and derQmPression of 

ammonia to and from the hiSh Pressure storase vessel. In this 

case, the level of liauid ammonia in the hiSh Pressure vessel 

would vars between 10% and 90¼ du r ins the source-off Period, 

maintainins a constant sYstem pressure o~ 300 atmospheres. A 

reversible comPressor/exFansion ensine would need to be emplo~ed 

between the hiSh and low pressure storase reservoirs (Fisure 2>, 

allowins work to be recovered durinS the ammonia decomPression. 
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The rnaJor proble~s anticipated with oFerstion in this third 

mode are associsted with the dissolved hsdrosen and nitrosen 

within the hiSh Pressure ammonia (1.2% at 300 atmospheres [4J). 

On decompression in the expansion ensine, the sases would be 

released from the solution and would then reside as a permanent 

Sas Phase above the liGuid ammonia in the low Pressure tank. In 

order to prevent the pressure in this tank from risinS too hiSh, 

either the sases should be vented or alternative!~ the Sas Phase 

should be cornPressed and delivered back to the hiSh Pressure 

storase vessel. The Problem of dissolved sases rePresents 

somewhat of a complication which, althoush not beins intractable, 

would best be avoided in the first instance. 0Peration in this 

mode is thereforE relesated until such time that the alternative 

modes outlined in Sections J.1 a n d 3.2 have been investisated. 

4. COMMISSIONING THE SYSTEM 

The basic elements of the chemical heat PiPe ~re shown in 

Fi~ure 3, with details of the swnthesiser s~stem and the Sas 

uualitY control shown in Fisures 4 and 5 respectively. The 

~ollowins Procedure would be adopted for commissionins the 

S!:;;Ster.1 ! 

Pressure test all Parts of the system and flush with dry 

nitrosen to remove dirt and Srit. 

Evacuate the low pressure ammonia tank and fill with hiSh 

purity ammonia and sufficint nitrogen to Sive an overall 

Pressure of tYPicallw 300 Psis, thus allowins cavit5tion 

Problems to be avoided. 
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Evacuate the main system and F refill the hi~h Pressure storase 

vessel with ammonia to the 20~ level. 

Calibrate the dissociation circulation PUffiP b!:, PUWPins ammonia 

to the accumulator and sensin~ the chan~e in ammonia level. 

Reduce the dissociator catalsst while PUmPin~ ammonia throu~h 

the system compressor from the low pressure storase tank • . The 

water-contaminated ammonia ma!:> be reJected from the s~stem if 

ne:,cessar!:>. 

0Ferate the dissociator (with ammonia FUmFed from the low 

Pressure tank) to Produce 3!1 h!:,drosen-nitrogen mixture for 

fillin~ the hish pressure storsse tsnk to the desired S!:,Stem 

oPeratins Pressure. 

PuffiP the hsdrosen-nitrosen mixture throu~h the S!:,nthesiser and 

Preheot for catal!:>st reduction, followins the Procedure 

outlined in Vancini [20J. Monitor the water content of the 

outlet Sas mixture usins the Sas oualit~ control s~steffi. 

After catalyst reduction, reJec·t the water-contaminated 

ar.,monia arid refill the system with fresh ammonia and 

hYdrosen-nitrosen mixture. The sYstem is now ready for 

operation. 

Once the s~stem has been commissioned , operation would 

fellow one of the modes outlined in S2ctions 3.1 to 3.3. Details 

of the system operation are discussed below in relation to the 
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swstern coffiFonent descriPtion outlined in the followins sections 

and will be developed further ss the system desisn becomes better 

defined. 

5. SYSTEM COMPONENTS 

5.1 Affimonia Dissociator 

The ammonia dissociator will be desisned at either the 5 kWt 

or 10 kWt level, with no pretentions towards solar thermochemical 

absorber operation. The dissociator would emPloY essentially the 

sa~e counterflow heat exchanser as used successfully in the 

Mark IV dissociator [2J, suitabl~ scaled to the increased level 

of operation. Alternatively, several heat exchan~ers in Parallel 

at the same scale of the Mark IV desi~n would be used. Th e 

catal~st chamber desi~n is envisaSed in the forru of several 

Parsllel thick-walled tubes (incoloY 800) Packed wjth catalwst 

and heated electricalls usin~ Psrotenex heatins wire. The end of 

blanked each catal~st tube would be accessible throu~h a 

Erm eto-tsF·e cc,ui::-1 ins ma i r1 ta i n e d at essential!~ ambient. 

temperature, not beins in the ~ain ~as flow Path. This f eatrJre 

would enable ease of access for catalwst replacement and 

assessment of different catal~sts. The dissociator would b~ 

desi•ned to operate at a workin~ pressure of 300 atmosPheres and 

at 750°c maximum temPerature. 

Operation of the dissociator would be dependent on the 

available catalssts for amffionia dissociation. This far, onls the 

ICI 47-1 catalsst has been tested, bein~ characterised bs a 

Packed volume of 15 c~/kWt for operation under conditions of 



F'sse 14 

•Jn:i. form F-·ower densi ts and ma:-:imum temperature 750° C ;;t 

300 atmospheres (Figure 6 of ref [2J). Under such conditions, sn 

enersw storase efficiencs of 80% is obtained. lmProved operation 

would be possible under essentialls isothermal conditions 

obtained bs non-uniform windins of the 

wire C2J. 

F'1:1rotenex 

It would be desirable to reduce the catalsst 

heatir,s 

volume 

reGuirement bw use cf ruore active catalysts+ EnGuiries ~re at 

Present beins made to identify a more suitable catalsst and a 

number of catalwsts will be tried when the F-rototsPe laborators 

dissociator is constructed. Ammonia s~nthesis catalwsts will 

also be tested for roles in ammonia dissociators. The locstion 

o~ a more active dissociation catal~st is avers imPortant aspect 

ciefinins the future desisns of solar therruochem i cal absorbers and 

represents a sesrch that should be performed with some visour. 

The basic characteristics of the ProPosed dissociator are 

su~marised as follc~s: 

Isothermal oPeration at 75~C and 300 atffioSPheres. 

Tubular heat exchanSer followins Mark IV desisn. 

Parallel tubular catalYst cha~ber with accessible end Ports 

for catal~st rePlacement. 

Non-uniform heatin~ bs F'srotenex he5tins wire. 

Eners~ stora~e efficiency in excess of 80%. 

Hish catal~st activit~ to better than 15 cm3 /kWt. 

Operation at 5 kWt or 10 kWt, 

Arri mo n i a f l ow T' ate t Y P i ca 11 Y O • 3 3 s s _, /~:.Wt • 
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It has been shown above in Section 3.2 that the hi.sh 

Pressure Sas storase vessel reGuires an internal caPacitw of 

1+5 m3 for isochoric oPer a tion of the s~stem between 100 and JOO 

atmosF·heres. Test Fressure would be set at 8000 psis and the 

vessel manufactured from allo~ steel (3% Cr, 1% Mo, 45000 Fsi 

wield stress> with small bore top closure (Davw Pacific Pt~ Ltd, 

Private communication>. In order to minimise manufa cturinS 

CO~,ts, access to the vessel would be thrau~h a sinsle toP port 

with tubular inserts to access the li8uid Phase at the bottom of 

the tank. The vessel would be fitted with~ liauid level sensor 

accurate to within t~Ficallw 1% of full scale. 0Ptimum shape of 

the vessel would be determined from the manufacturin~ oPtions and 

installation reouirements at the lsborstorY site. Oversll 

manufacturins cost ffiSS liffiit the initial installation to a lower 

• -1, 
CaPaClv'd• 

5.3 Low Pressure Ammonia Tank 

The ammonia storase tank would be rnanu~actured froru carbon 

steel with caPacit~ of tYPicallY 1 n.3 to accommodate the 

reouirements of isobaric operation with stora~e (Sec·tior, 3+3). 

Desisn Pressure would be selected at 500 Psis in order that 

permanent Sases could be inserted into the vapour Phase in order 

to avoid cavitation problems. The tank would be eGuiPPed with 

liGuid level sensor, sau~e slass, and thermocouple well. 0Ftirnu~ 

shaPe would a~ain be determined from the rnanufacturins oPtions. 
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5.4 Amruonia s~nthesiser 

5.4.1 Internal Volume Reauireruents 

The ammonia s~nthesiser represents the most critical 

component of the chemical heat PiPe. It is essential that the 

desisn for the demonstration Plant be chosen to match the 

operation of a full-scale ssnthesiser at the 1-10 MWe level, as 

t~Pified bs the ICI auench converters described in Attachment I+ 

Given the enthalP~ chanse of 3.3 kJ/s for affimonia s~nthesis, a 

1000 tonne/das Plant corresponds to a thermal output of 38+2 MWt. 

We obtain for the 1000 tonne/da~ Pl~nt c1,00 short tons) listed 

in Table 1 of Attachment I, a catalsst volume ratinS enual to 

0.8 n~/MWt and total internal volume ratinS eaual to 1.5 n'/MWt, 

The cor~esPondinS catalsst volume ratinS Guoted bs Carden ClJ is 

2.4 m3 /MWt. assuruins a mean catalsst bed densits of 1.7 tonne/m~. 

For the Present demo~stration Plant where it will be desirable to 

tailor the ssnthesiser teffiPerature Profile to follc·, closely the 

eauilibrium line (6J, a Procedure that corresponds essentially to 

oPeratinS at lower catal~st activits, it would seem sensible to 

derate the ICI fi~ures bY a factor of about 3 to ensure an 

odeGuate des i .sn n,a rsi r,. This would result in an overall 

synthesiser internal volume ratins of tYF-·ical lY 5 n?' /MWt, 

includins catalsst volume and steam PiPes. The desisn marsin 

adopted here would need to be lowered if costs of the Proposed 

ssnthesiser Pressure vessel becaffie too high. 
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5.4.2 Ssnthesiser Pressure Vessel 

There are two options for the ssnthesiser Pressure vessel, 

as shown in Fi~ure 6! 

(a) A hot wall ~ressure vessel of a hi~h strensth allo~ such as 

incolos 800, opera tins ;;t temF·er;;tur·es 0 
UP to 600 C, The 

vessel would be fulls lassed b~ Ksowool insulation. 

(b) A cold wall Pressure vessel with the catal~st chamber t 

accommodated in an inner vessel surrounded bs insulation at 

the hi£h Fressure. 

For continuous oFeration at 4 kWt, the inner vol 1Jr.1e 

containin~ the catal~st and heat extraction tubes would need to 

occuPs about 20 litres , Siven the above rstins of 5 m~ /MWt. B:1 

adoPtinS a lensth to dia~eter ratio of 4 for the c~lindrical 

catalyst chamber, we obtain a characteristic len~th o~ 75 cffi and 

diameter of 19 cm. Sufficient extra lensth would be re~uired at 

each end to P rovide room for internal PiPe manifolds and thermal 

exPansion bellows. 

with 

The maJor Problem with the hot vessel oPtion is associated 

suitable desi~n of the full dimension end closures, 

consistent with operation at the hish temPerature. Overall 

conduction losses could be rPduced to low levels b~ Pa~kins 

suf'ficient thermal insulation arour1d tl,e hish Pressure Jacket. 
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Th~ maJor Problem with the cold vessel oFtion is associated 

with the increased scale reGuired for the internal thermal 

insulation inside the Pressure Jacket. It is shown i~ APPendix I 

that the overall internal volume per unit lensth f or a Siven 

fractior1al cor,d•Jction loss o< throu~h the c~lindrical Wc:,ll is 
. 

Siven in terms of the thermal caPacit~ Q/L Fer unit lensth as 

~ 
L 

g_ r h-.--rr' I< A.1 ] 
~ L ~f l cl.._ QI L 

whe-:•r·e (3 is the active vol1J111e ratins in r..-3 /r1Wt ond K is the 

thermal conductivits of the internal insulation. The internal 

volume is Plotted as s function of the therffia l caPacit~ in 

Fisure 7 for the csse p= 5 m3 /MWt. It is assumed here that the 

insulation is filled with hiSh Pressure nitro~en in Pressure 

balance with the Sas mixture in the catalyst chamber. It is not 

Possibl e to allow the hsdro ~e n - nitrosen mixture into tt"iE 

insulation re~ion because of the deleterious effect on the 

thermal conductivity of the insulatin~ Jacket. This restriction 

means that the cold vessel option must have a suitable pressure 

balance mechanism between the i nner catalsst chamber and the 

nitroSen-filled insulatins Jacket and that further, the shell 

confininS the catalyst chamber and steam t•Jbes ITIIJSt be 

sufficiently thick to withstand Pressure differences of UP to 

500 Psi caused b~ frictional Pressure drop alons the catalsst 

bed. 

The thickness of internal insulation reouired for the cold 

vessel oPtion mas be assessed bw reference to Fi•ure 7+ Allowins 

a 5% conduction loss and a 4!1 lensth to diameter ratio for the 
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catalYst chamber, we obtain for 4 kWt oFeration a Pressure vessel 

inner diameter eaual to 42 cm and c a t a lyst chamber inner diame t er 

eaual to 19 Cffi, That is, in order to reduce losses to a 

·tolerable level so that full-scale OF·e rat i orr n,aY be 

satisfactorils simulated, the larser fraction of the internal 

voluffie must be occupied by insulation. lt is interestins to note 

that this same feature is unimPortant for full-scale ammonia 

swnthesis which at the 1000 tonne/dss l evel is characterised 

. 
tYPicalls bY Q/L eaual to 3.2 MWt/m (Attachment I) • It is clear 

by extraPolstion of Fisure 7 to hish v a lues of Q/L that such a 

reactor reGuires onls a thin skin of insulation in order to 

reduce conduc tion losses to a low fraction o~ the enerSY 

throuShPut. 

In sunrmars, it would appear that there are two options 

available for s~nthesiser Pressure vessel - either hot wall or 

cold wa l l - and thst neither lies outside the scope of a 

laboratory demonstration. The choice will ultimatels dePend on 

cost and on ease of oFeration, The first step in a~Y thorou~h 

desisn assessment will be to identif~ th~ oPtinrum choice for the 

reGuired demonstration+ 

5.4.3 Catalsst Chamber DesiSn 

At the Present · time, the catal~st chamber desi sn and 

j synthesiser temperature control s~stenr desisn are somewhat fluid 

but the basic outline can be ~aused b~ reference to the a u ench 

Sas oPtion drawn in Fisure 3. The basic desi~n criterion is 

asain that the denrons·tratiorc Plant should match the operation of 
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a full-scale Flant and in P&rticular, be reGuired ta Frovide hish 

drade hea t in the ternPer&ture ranse 350°C to 5So0 c ss outlined 

above in Section 2, The catal~st chamber would most Probabl~ be 

of multistase desisn for adeauate temperature Profile control, 

with the main ProPortion of reaction heat removed b~ means of 

lon~itudinal steam PiPes. The incomins ssnthesis Sas is 

preheated in the s~nthesis heat exchans~r external to the main 

pressure vessel and constructed bs followins the same desisn 

PrinciPles as for the dissociator heat exchan~er, 

Temperature control is established either b~ the Guench ~as 

oPtion shown in Fisure 4, or b~ usins lateral Pancake-shaPed 

steam coils in Place of the ~as mixins chambers. In the t'irst 

instance, the choice would be soverned as much bs simPlicit8 of 

oPeration as bs the need to maximise Potential work output b~ 

minimisin~ sll sou rc~s of irreversibilits. This latter desisn 

criterion wculd need t~ be examined carefulls in an~ later 

optimisation Procedure, 

It has been shown in our theoretical studies f6J that i n 

order to rna::iffiise work Production from the synthesiser it is 

desirable to tailor the tPrnPerature profile across the r~actor to 

follow a line of essentialls constant wo rk recoverw efficienc~. 
, 

The tsPe of reaction Profile expected from the reactor outlined 

here for either ~uench Sas or lateral steam coil control is shown 

on the T-H diasraffi of Fisure 8, With Sood desisn of lon~itudinal 

steam tube Seometrs (for exBrnPle, the steam tubes can be coiled 

with decreased sPacinS in the initial part of the catalsst bed 

where more heat -is r eleased), there need be little, if anY, rise 

in temPersture acrois the catal~st bed, and thus the role of the 
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ouench sss or lateral steam coil is relesated to that of fine 

te~Perature cont r ol. In the auench •as c ase, an additiona l heat 

transfer Path would need to be Provided to remove heat from the 

heat exchan~er due to the mass flow imbalance between the inPut 

and output sas streams, as shown in Fisure 4. 

There are manw details of s~nthesiser d~si~n that need 

assessment but at this stase there is little to be sained until 

the desi~n has been firmed. Suffice to sa~ that the overall 

desisn does not aPPear to be outside the expertise of the Ener•w 

Conversion Grou p, siven t h at some thousht is aPPlied to retainins 

S i Rt F-· 1 i C i t ';:,: , PerhaFs even at the expense of full~ optimum 

operation in the first instance . Detai!s of the reaction 

kinetics will be considered before the desis~ is fjnalised, and 

indeed the c o mPute r c o d e develoPed to sjmulate the · dissociator 

operation can be modified siruPlw to simulate the s~nthesiser 

operation under ~iven desisn conditions, 

5.5 Circulation Pumps 

Both the dissociator and swnthesiser circulation PURtPS are 

double-actinS intensifiers that have been developed in this 

laborator~ followins Pressure sealins difficulties due to the 

Poor Gualits of the SPra~ue intensi fiers used in the past. The 

Sprasue air motors which Provide 3000 lbf from a 100 Fsis air 

suppl~ are suitable for drivins the circulation PUruPs. 

The PUffiPS have been desi~ned so that the air drive acts onls 

asainst the Pressure differential between the inlet and outlet 

Ports and not asainst the full swstem Pressure. 

characterised b~ the followinS specifications! 

The PIJRtPS ar·e 
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Stro f:.e ! 2.5 cm 

Maximum c~clins rate: 3 Hz 

Dissociator PUmP bore: 2 cm 

s~nthesiser PUITIP bore: 5 cm 

Maximum ammonia throu~hPut: 22 s/s (AF'= 0) 

Maximum ssnthesis Sas throuShPut! 22 Sis st 300 atm (6P = 0) 

8 sis at 100 atm (AP= 0) 

Pressure drop at stall: 6800 psi~ (dissociator) 

1000 Psis (ssnthesiser) 

The Pressure droP limitation on the dissociator circulation FUmP 

due to the tensile stress in the main connectin~ rod between the 

hish pressure cslinder and the air motor is 1300 Psi, a 

limitation that could be improved b~ better desisn of the 

connectinS mechanism. 

Since the PUffiPS are both Positive displacement units, the~ 

provide a Sood basis for development of a simPle flow control 

s~stern based on automatic adJustment of the air flow to the air 

motor. The dissociator PUITIP speed can be servoed to the 

dissociator temperature or alternative!~ set at a constan~ level. 

The s~nthesiser PUffiP speed determines the level of output heat 

from the ssnthesiser and will need to be set consistent with the 

aruounts of synthesis •as mixture held in storaSei The water F·•JmP 

controllins the flow throush the steaffi PiPes is critical ira the 

!:;erase that it defines the coarse cont ro 1 of the S!:;nthes i se r 

temPerature Profile. A fail-safe P~ocedure will need to be 

developed in the event of this PUmF ceasins operation durinS an 

exPerirnent. 



I 
I 

I I 

F'a!:ie 23 

5.6 Gas Qualits Control Swsteffi 

In closed looP oPeration, it is important that the oualit~ 

of the 3:1 hsdrosen-nitrosen mixture be continualls monitored, 

Particularlw since the ssstem will inevitably be more Prone to 

hYdrosen loss than to nitrosen loss. The Sas ffiOnitorins ssstem 

based on a ffiass spectrometer and turbo-ffiolecular PUmPin~ unit is 

shown in Fi~ure 5. This sYstem enables hish Pressure samples of 

the output from the ssnthesiser to be analysed after 

decompression initiallw to 1 Psis and then lo the 10~~-10~ torr 

level reauired at the mass spectrometer inlet. In the event of a 

sisnificant deviation from the ideal 3!1 hsdrosen-nitrosen 

mixture, the ssstem can be used to adJust the ffiixture by addition 

of either Pure hsdrosen or pure nitrosen, or any specified 

mixture, into the samPlinS voluffie+ The ~as Gualits monitorin~ 

ssstem would be utilised also durinS the ssnthesiser catalsst 

reduction Procedure to ensure that the water content did not rise 

above tsPicalls 10000 ppm (see Attachment I). 

6. SUMMARY 

In this rePort, a Proposal has been outlined for develoPment 

of an ammonia-based chemical heat PiPe on a laboratorw scale+ 

The develoPment is motivated bs the need to assess the technical 

feasibilits of the chemical heat F-in~, to corr.pare the observ.ed 

operation with the known thermodsnarr.ic oPera tin~ limits and to 

~ain oPeratins experience sufficient to sPecifs a desisn for~ 

chemical heat PiPe at the 1-10 MWe level, We have endeavoured to 
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show that the scale of the Proposed development, while not 

trivial, is not outside the r6n~e of competence of the ANU Enersw 

Conversion Group. It is believed that the scale chosen for the 

de~onstration Plant is consistent with the need to maintain an 

essentialls linear scalins of the observations to full-scale 

operation at a 1-10 MWe level. 

While the basic ssstem components reGuired to ffiDunt the 

~ernonstration have been specified where Possible, the present 

assessment has not been advanced to the stase where detailed 

operational procedures are fulls defined. Such an advancement 

has an important bearin~ on the desisn details of the s~stem and 

would be Performed before the first sta~e =f development o~ the 

chemical heat PiPe demonstration. Safets asPects of the 

expe riment and, in Particular, the selection of a suitable 

loc.;;,tion for the hish i:-ressure vessels and S!:;;nthesiser w·o1Jld also 

be an iruPortant consideration before the first stase of 

development. 
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APPENDIX I 

Internal Volume Remuirements for Ammonia Swnthesisers 
with Internal Thermal Insulation 

We consider a cwlindrical amruonia sYnthesiser of radius R 

;;md lensth L. The swnthesiser is fitted with an axial 

cwlindrical reactor or radius r containinS cata]wst b~ds and 

steam tubes. The remainins annular space i$ fj lled with thermal 
-

insulation. We wi sh to calculate the overall internal volume V 
. 

o~ the swnthesiser in terms of the ther~al caPacit~ Q under 

conditions where there is a constant fr a ctional conduction loss ~ 

siven b1;:; 

c(_ =:: Q lo.s~ I c.Q \f~ I) 

The conduction loss is defined bs the standard formula 

Qloss -::: 
211'" K.L Ll1 

k ( Rjr) (:L.::>.) 

where K is the therm~l conductivits of the insulatins lawer and 

where AT is the temperature difference across the insulation+ 

The catalwst activitw is rated accordins to the factor f 
which defines the active volume includins catalyst beds and steaffi 

tubes Per unit thermal capacity 

f ;:: "ifr~ L / Q (I . .a) 

and b~ cornbinin~ CI.1), ( I.2) ond ( I. 3), we obtain for 1:,he 

overall internal volume 
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(::r. 4) 

~.s_) 

It is seen from (I.4) that at the lar~e values of Q/L twPical o~ 

larse ammonia converters, the internal volume tends towards the 

active volume and R tends towards r. That is, ~or larse 

reactors, onlw a thin skin of insulation is reGuired to reduce 

the conduction loss to a small fraction of the overall therffial 

capacity of the reactor. On the other hand, the exponential t~rm 
. 

in CI,4) becomes proSressivelY ffiore important as Q/L is lowered, 

Particularly for hish values of ther~al conductivity and low 

conduction losses. Given a chosen value of the loss factor ~-, 

the optimum choice for small reactor size would lie in the 

vicinitw of the minimum on the characteristic curve ~efined by~, 

as seen in Fisure 7. The exact choice would norIDallY be 

constrained by the practical limits on the len~th to diameter 

ratio for the c~lindrical active volume. 
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INTRODUCTION 

Since 1963 ICJ 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 
are:-

Economy in size 
Simplicity and efficiency of operation 
Easy loading and unloading of catalyst 
Simple and quick erection 
Easy internal inspection and maintenance 
Safe entrance for inspection and repair 

The ICI Quench Converter was designed to fulfil 
the above conditions, and is suitable for a range of 
outputs from 600-1650 tons/day. The first converter 
of this design, with a capacity of 956 tons/day, has 
recently been successfully commissioned on one of 
!Cf's existing ammonia plants at Billingham and has 
proved to be extremely successful in operation. 

FEATURES OF THE CONVERTER 
The converter is shown diagrammatically in Figure 1. 
The catalyst is coniained in a single annular bed 
surrounding the central heat exchanger. Quench gas 
is introduced at intermediate points down the catalyst 
bed by means of the specially designed gas distri
butors. A detailed description of this and other 
features of the converter is given below. 

QUENCH GAS DISTRIBUTION 
The outstanding feature of the converter is the con
tinuous bed of catalyst which allows simple charging 
and discharging of the catalyst and also permits 
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 votume 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 
range of 650-1650 tons/day. 

The lozenge distributor shown diagrammatically in 
Figure 2 consists of a central perforated pipe through 
which the quench gas is introduced. This is sur
rounded by a diamond-shaped frame covered with 
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 
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completely s.urrounds 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 tree 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 into 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. 

Figure 2 
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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 therefare 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 small 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. 

QUENCH GAS FEED TO DISTRIBUTION PIPE 

INTERNAL HEAT EXCHANGER 

MES.H SUPPORT GRID 

~ I LIFTING LUG 

WIRE MESH 

SUPPORT LUG 

~ ~SUPPORT 
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PRESSURE VESSEL 

The pressure vessel and its closure are not designed 
by ICI, but may be obtained from any experienced 
fabricator. in this field. ICI 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 not an essential 
feature of a quench converter design it has been 
used by ICI 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 cartridge 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~ 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 f!.il l bore pressure 
vessel closure can be r:-:Gde. This varies with pres
sure and at the moment is limited to an internal 
diameter of 100 inches for vessels opera:;ng at about 
4,500 psig. The recent1y commissioned ICI Quench 
Converter at Billingham operates at !sss than 2,100 
psig and internal diameter 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 J 660 990 1100 1650 

Pressure (psig) 4700 3200 4250 3220 

Inlet gas: Ammonia % 4·0 3·0 3·2 1·4 
. Inerts (CH,+A) % 15·0 12·0 15·0 12·0 

Converter inlet rate (mm scfh) 10·6 18·0 18·5 24·5 

Catalyst volume (ft•) 740 1170 1100 2400 

Pressure vessel 
Internal diameter (inches} 80 96 95 109 
Length (Inches) 437 493 472 700 

Weights ( short tons): 
Cartridge shell 14·2 34·2 22·8 56·4 
Heat exchanger 15·5 30·0 25·4 23·8 
Pressure vessel 130 

(excluding cover) 
128 182 240 

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 1·5x106 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 ls 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 th~ 
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 1. 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 will provide the contractor with assist
ance in the erection of the cartridge and in the reduc
tion of the catalyst within ii. 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 ICI 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 

Inlet gas; Ammonia % 2 2 2 2 
Inerts (CH,+A) % 12 12 12 12 

Converter inlet rate (mm scfh) 25·8 21·2 19·8 19·0 

Catalyst volume (fl') 2600 1730 1320 1030 

Pressure vessel 
Internal diameter (inches) 120 102 96 89 
Length (inches) 663 606 528 488 

Weights (short tons): 
Cartridge shell 68·5 40·8 29·2 23·6 
Heat exchanger 37·1 25·4 20·7 17·9 
Pressure vessel 186 

(excluding cover) 
184 187 189 

Converter pressure drop (psi) 140 104 87 91 
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Advantages of IC I Quench Converter 

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

the catalyst bed 

■ Elimination of voids between catalyst beds gives maximum utilisation of 

converter volume 

II Economically competitive converter designs based on advanced computer 

program and up-to-date research on reaction kinetics 

11 Lozenge distributors permit rapid loading and unloading of the continuous 

bed of catalyst 

II Full bore closure gives good access for inspection and maintenance 

■ Separate cartridge components reduce weights to be lifted and simplify 

installation and maintenance 

■ Recovery of high grade heat possible 

Ii Design backed by tcrs forty years· experience in ammonia manufacture and 

converter design and fabrication 

Lozenge distributor under c :ns:ruc:;cn 
in ICI Agricultural Division's wcrkshops. 
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MECHANICAL CONSIDERATIONS 

An ammonia converter cartridge is complex and 
operating conditions are severe. Design temperatures 
of different parts range from 12o•F to 950°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, particularly at start-up 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-

I 
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. 

f 
Uneven gas distribution can afso mean that opti

mum use of the ce!alyst cannot be achieved, and 
therefore particular care has been 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 effect of heat transfer to the 
cold gas pipe, and the position and s::e of the holes 
in the pipe. Experimental work and computer calcul
ations on the behavic~r and pe~;o~mance of the 
distributor have been carried out as required to pro
duce the present efficient design. 

Experimental work has also been carried out to 
assist in the prediction of the ~.eavy 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 effective 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. 

Further information may 
be obtained from 

ASSEMBLY CONSIDERATIONS 

As the cartridge, heat exchanger, and pressure vessel 
cover are 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 ICI 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 
Cartridge length 
Design output 
Operating pressure 

131 inches 
480inches 
956 tons/day 

2080 psig 

The converter cartridge was fabricated in ICI Agri
cultural Division's workshops at Billingham, where 
over sixty ammonia converter cartridges have been 
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 
ICI Catalyst 35--4 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 been 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. 

The Sales Manager (Licensing) 
Imperial Chemical Industries Limited 
Agricultural Division 

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

...... ,.__ 
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