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1. It Is the purpose of this paper to c-..u*narl7.i. *:he major avances that have 

been made in ammonia plant design in recent years.    The advance» cited are of 

importance in that  they havo contributed significantly toward smoother,  quicker 

initial commissioning operations,  and toward   improved on-atream availability of 

these ammonia plants.    Th*: presentation la directed primarily toward advances 

which apply to  large-scale ammonia plant»,  that is,  plants of capacity of 600 

tons per day or over, and to advances which have in fact been demonstrated In 

such plants.    It is beyond the scope of this presentation to discuss advances 

«till in the development or demonstration stage.    Included are discussions of 

recent advances in feedstock desulfurl?.atlon,   steam-hydrocarbon reforming, car- 

bon dioxide removal,  and ammonia synthesis. 

2. De sul furl za Clon of natural gas feedstock*» has become more sophisticated In 

recent years.    In most natural gas based ammoni« plants designed several years 

ago activated carbon,  fortified with metallic  additives, was utilised for feed- 

stock desulfurisatlon,    This material was adequate for processing of pipeline 

gas, usually containing relatively low «tlfur concentrations.    At that time, 

pipeline gas vas usually purified by the natural gas supplier to a level of 10 

ppm or less of sulfur.    This small residual  sulfur wss invariably hydrogen sul- 

fide or mercaptan,  both of which  could be adequately removed by the promoted 

carbon.    In addition, the gas supplied by pipeline wan free of heavy hydrocarbons, 

compressor oils, and the like.    This consideration is extremely important because 

such heavy hydrocarbons are selectively adsorbed by activated c*rnon, thereby 

blocking the adsorption centers on the cai bon and rendering it ineffective for 

adsorption of hydrogen sulfide or aercapt.ins.     For a number or years the in- 

dustry operated perfectly satisfactorily with  such carbon desulfurUation system«. 



3.  In recent years, however, experience has tended to indicate that the simple 

carton de.ulfurlnatiorc v.* .«* completely .a:. Ufactory. A» th- natural gas pipe- 

Une approached, anj sometimes jwsalbl, exceeded rated capacity, increaaing evi- 

dftnre of heavy hydrocarbcas la pipeline m*  became apparent. When heavy hydro- 

carbon» auch «s butène or any higher mn Jacular weight material, enter* a carbon 

drum oven fot » «bor- period of time the effectiveness of the carbon drum may 

be completely nullified, TUi* uan occur „nd*r conditions such that operatore 

are completely unaware of the change., principally b-cauar the change of gas com- 

position in tema c*  composition, heaving value or molecular weight is extremely 

•»all. There have ev«n been reported latences of carbonyl sulfide in natural 

fi«», probably as a con.rrouen« of stili undetermined phenomena In gas proceae- 

ing planta. Carbonyl aulfidc ia not removed by activated carbon. 

4. For pi.«, equipped with carbon Je.ulfur1«ra, a reasonable expedient, h«, 

b*en the inatail*.ion of continuo« eítro-tera for aulfur monitoring. The com- 

•nerciaUy available inatHavmt. for chi. .„vice, while probably not of auffi- 

elet prnclalon tor «ecurate saurem,,«u on an «b.cl,,t. baais, are adequate for 

pLnt control parpo.*,. Many operatati heve adopted the.e instrumenta and have 

found that-, if calibrate, predicali, agaiust «ure refined laboratory method., 

they are useful operating nude* end nv, satisfactory indicators of significant 

or  rapid change iu aulf.r routent of the purified Saa. Moat operator, ua. auch 

inatrument. .b a guid, to carbon „generata frequency. The general practice 

Í. to regenerate an ., rrguUr ff|4qur,cy ^^ ^ ^ ^ ^  ^ ^^^ 

.o indicate. K  ,Blfqt rtM,iug uf 0,? p;,n f; th(¡ ^^ ^^ ^^ 

for regañerat ion. 

5. 0. n.v »«„„,.. ,.!.«., tl„„, „„^ uuhln tht uit MO ^^ ^ ^ 

ta« . «,«, <,„«*„,, to ínciu,, dMlllf„lMt¡lm equlpment captbu of rmoTitis 

""" eve" ta the """"" "' he°^ *»«««*». „„< „f ,„.„,„„ th, .or< re. 
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fc.et.ry .ulfur  ^pound. «,,„ „ ca,hoiiyI   $ulfldc.    There ^  ^^ ^ ^ 

accorapli.hing this objective,-r.• ex*..,;.... arc- gi/ea. 

«)    Naturai g*, i. flril defluífuri2lid with ^^ ^^ ^ ^ ^ ^ 

*o.t •cono.U mean»  for MltlMB  aulfur removal M of ^  ^    ^^ 

« « l>«ck«P>  3 ho,   .ine „xid. d«u>f«rl«.r i« proved,     rhe  ,a. „it. the 

carbon dcuifuri«« is pioh-t.*  to . temperature of appr.xWeiy 400-C 

*nd p..Sed Into « v«*..l co.uining . fixed bec 0f *inc oxide.    At  thu 

temperature ,iM oxide 1, Ughiv  ,ttective for ch(a,Ual ^^ ^ ^^ 

8« .ulfide and .«.cantan, even  in rhe prowee of heavy hydrocarbon..    The 

zinc oxide l. of course converted to «ine  sulfide by chetai reaction.    I„ 

addition, at thi. temperature zinc oodde i* ,fte«:Mve in reaving carbonyl 

•ulfid., provided that to* initial concentration of ..rbonyl  .ulfide i. 

reaaonahly lov, .. U Mttlly the CAar.    Thl8 ,yateB u reUtlyely ^^ 

•ive in tar». 0f both capital charge, and operating coat,    since the .ine 

oxide »ertiy .erve. aç . back.,,, or guard,  it. co«.l8Upticn 1. relatively 

low.    After th. zinc oxid* ha. been coavrted it U u,ually di.carded, a. 

recovery or regeneration of the ««all quantUy tnvolved lfl nofc economlc 

Preheating the natural ga. to 400 C i. not a penalty, iM„uch a8 lt ig 

required that the ga. be preheated prior  to reforming anyway, 

b)    A «ore aophi.tic.tcd do.ulfuriMtl». «yate. curiae, mixing the natural ga. 

with hydrogen,  in the for» of recycle .ynthe.i. g.a, preheating th. «ixtur. 

to 400-C,  and pae.ing the fixture over a bed of cobalt «oiybcUte cataly.t 

«d then over a bed of 2inc o,ide      Th, cobalt »olybdate aerve« to cataly.e 

the hydrod..«lf«rt„tlon reaction whereby organic »u.fur of «tao.t any type 

likely to occur in natural «a, f. converted to hydro*, .uliid..    The re.ul- 

f nt hydrogen .ulfide i. then removed fron, the  w. by the *i„c oxide, which 

convert, to «ine .ulfide     Thi, method of de.ulfuritition iu .oaewhat «or. 
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costly in reapect tc both capital costs *nd operating coats, principally 

because of the necea.lty tc  recycle a portion cf the ammonta synthesis ga« 

back to the dc.uifuriwr.    Thl. recycU ;* .till relatively amall, repre- 

•«ting only a fraction of one percent of the total  ryntl.eai. ga,.    However, 

this «••„UuriMtion technique representa the. „st advanced and sophisticated 

deauüurUation ayutem ««ployed /jr Mtu,tti gas dwulfuvlMtlon.  acid ¿a 

deeacd adequaie  for almost any Mtur<ll g„  I1IM|> t0 be encountered# 

6. Engineering of atea^hydrocarbon .«formers has advanced in recent year,, 

thM. Dances bclüg ?erhaf>s „ore securely classified a, refine-enta.    Nevar- 

Relesa, they have improved reformer *n~»iream avail.Mluy considerably. 

7. A»»oni« pUftt rrlsvry tfl,fonre„ c0Bt4iD hiadrH# o£ ^^ ^^    ^ 

tube, are about 8 to 12 « i. Inside dl«,t.r, «nd about 10 „eter. in length, 

and are fUled internally with catalyst partici«, generally about 1.5 a» to 2.0 

« in .1...    Th* tube, are fabricate, of » percent cht-,  20 percent nickel 

•lioy. and operate s* a tarature cf approximate, 100.930-C.    The tub«. „• 

arranged fo, P.fal-  m, £lm,,.th.t te l|M ^ ig di,tribut,d ^ , ^^ ^ 

m aach .< th. Wdted. of ubes « rt,  ,al,, üt  t0p ^ ^ ^ t- ^^ ^ 

th. ouriat or botto, end.    The tube« ar~ arrange, in *roup, of 40 or 50 tub.., ln 

an aasettbly sometía«, called « "harp* , 

• •    A. «* r.f(,«r iMrMC, [0 „„.^ tbe hd..p .^ of coatK    ^ u ^ 

-m. ^.».lon occur. ,„«. *„., .,-,,„.. „lU „ ^„^     ^^ 

k.v. .,„ r.(1„.d fc, ...elbl7 4nd „ectlor o£ the hOTs t) miaioitt [h> Ki<i 

«-,1. i. i. th, .».»„xr ,„,,,„«. „,l4cH m.„Sw lhM. tta futt ueid! fce ^ 

u .,... ..,„«„ «»« „ttl KSM. t. WMUlíy j:rc-  Anot¡wr ex_pu it in 

». »—*« *., a.« •MMfct.Mai ., .prlo,„ _„ to ^ tta ^ ^ 

"*" U *dJu,"', "lm* Mr• to!— *• •««. -if« .uppOTt fot th. 



harp,  and to «asure thet  no single: rube or group <n   v.ub a is subjected to an un- 

due axial lead.    Numer-;ü» simUftr «¡>s¡u  .rit;-   aa¿ .fabric. .-. _>r radifications h« .•*». 

been made,  includlug ím. »favenen;   la the all-important metter ct quality contro! 

as applied to both ahc;> ¡íW\ i'iclrt vork. 

j,     in addition to rise *,«te c/.arciu«d i>y the « igin >«rii.s *nd construction organi- 

sation cone a med with design an*   r* ree ti« -n 01  the plant, mainrenar.ee procedures 

have also been refined nnd expanden.    Periodic recalibrate on o i  ai.pport spring.-, 

careful  inspection of veide,  aonlt-rlng of operating temperature und similar pro- 

cedures have increased reformer availability significantly,,    ftetailed maintenance 

procedures and manual« pre prepared and should w» careful?y followed. 

10. The catalyst used In pcimai y reformers has expertencíd considerable improve- 

ment in recent years,    improvement« indurle sise of support material with improved 

leng ten» strength chaîne tor i at 1CM,  formulation of catalyst with Improved long 

term activity and even injprcvaaentr:  i.» the heat ttsnrtfer chsracteristics of re- 

former catalyst. 

11. Support materiale used on earlier cxtalyat.  subì oc t: t<   the severe conditions 

of temperature and pressure experienced in «adera large scale ammonia plants,  fre- 

quently suffered severe ?.o>»s of ciush atreagth after perioda in aervice aa short: 

43 several uonths,    Crush strength, measured by simple laboratory techniques,  lost 

as much as three qusrters of the initial value.    '*"Hile this degradation did not 

invariably cause difficulty, there have been instances in which catelyst crumbling 

'.as occurred as a consequence of the loss of crush strength.    Since this crumbling 

mesnt increased resistance to flow, plant throughput could be affected.    Further- 

more,  if crumbling occurred in some of the tubee,  rather than all of the tubes 

(and this is in most instances what tends to happen)  then flow through tubus 

containing crushed catalyst would tend to be lower.    Again the overall effect  ia 

one of reduction of plant throughput. 



12. Therefore improvement i;i foreuLation oí reiûrm*r catalyst support materials 

i» &  significant iropr ^vtsuent which haa occurred in receat yea» a. While the pre- 

sentation of the technical retails of the  support composition is beyond the 

acope of thin presentation, the effect of the change is noteworthy. 

11. Catalytic activity and catalyst physical strength are interrelated. Useful 

catalyst lit« can be terminated by cither loss of activity or loss of strength; 

conversely, goo«* long term activity with tsoor long t«na atrength, or vice versa, 

is of no particular value. 

14, Overall catalyst activity has not: been a critical factor in recent years, 

but a phenomenon termed "hot bande" nas caused occasional loas of production. 

The "hot band" phenomenon ia characterized by loas of activity at one particular 

sone in th« reforme*:,' a.  critical point at which «ethane content is still rela- 

tively high, and temperature is also reiatively hig«, and at which consequently 

the rate of reaction exprès se-i as quantity of carbon reacter per volume of cata- 

lyat is maximum. At tne point at which thia absolues reaction rate is maximum, 

many catalyst exhibited premature aging sad subsequent lost of activity. Recause 

the chemical driving force ie high ac tnis nirticuior location., high catalytic 

activity is not required and a moderato catalytic activity is adequate. New cata- 

lyst: formulations have been developed which,while of somewhat lower initial acti- 

vity, have f.ar superior ability to taalr.tain activity than the more active catalysts 

used earlier. This is an interesting example of an instance in which catalyst 

activity Indicates s  superior )ife, and ia, Jn the overall, a better catalyst. 

15. Another recent development in primary reformer catalyst technology ha* been 

a relatively simple Idea to improve hea? characteristics. The designer of a ra- 

former cube is required to strike a classical engineering balance between heat 

transfer characteristics and pressure drop. The factors which tend to increata 



-9- 

heet transfer are the very factors which, unfottunately, tend to increase pres- 

sure drop, fhe engineer strive» to find th» op*'muai belante. 

16-  in *.  reformer tub- the raqti;r mtn£« for heat transfer are greatest near the 

ii>let entf, vherf the huifc .jf :hi» che»tc&l reactio» heat ae üíH a» sensible heat 

la reqvired.  rhe prefsitre drop considera' loa is s.r sater ut tnc r>uti«t ¿nd, where 

gas volume i» greatest. Therefor« dua? c«t*ly*t ryatense have been Introduced to 

take advantage ci t.tis cotífldevatl-i., In oae ayaieia, for extaepl«, »maU size 

catalyst participa art; uaed ai r.hc in'et and large aixe particles at the outlet. 

ThU combination a^tvea to increasr the heat transfer iharacterlatic« at the in- 

let end *nd en decresce the pr<sa.« re drop nt. the outlet end. This has been 

adopted in several planta as n  iteana ior increasing throughput or conversely per- 

mitting mor« eífic'.ent refi.rmt'i op«»"ttiort, 

'7. Carbon dioxide remo*'«! iystama deftif.n ii abetter Area in which considerable 

development h«a bean achieved in re t.ei.t year«. Several y«*r« ago, asine ay a terns 

auch «a monaetnanolam ine were used In al.at»at every insracv** in which energy coat« 

were relatively lo*?, and activated hot potassium carbonati: processe« auch ar 

Giaamvsrco-Vetrocoke, deaf leid, Tarar 1. <"• rat«csrb, vere ?'«•;'? In Instance» in 

which energy cuaca wer« relatively hijçh. The hot potassium carbonate procpssea 

require considerably l<yas energy ihaa  raine système, and for this reason wer* 

favored where energy cost* were high. On the other hand, initial capital chargea 

tor carbonare ay at «ma were higher, and therefore a "payout" consideration entered 

icto the economic baal« for selection. 

i8. Ovar the past >*ew years the hot carbonate proteases h*ve benefited from 

significant developments. Mew and improved corrosion inhibitors have proven 

adequata r.o  penali une of leas high coat *lloy «reel for equipment design. Expe- 

rience haa been gained to demonstrate the * fleetiveness of new and improved pack- 

ing materials in carbonate service, causeo o£ earlier problems with eludge for- 

mation have been Identified eoa eliminated, ioncern wit» foaming tendency has 

mm^^ 
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becn reduced by Letter operating techniques and, perhap« most important, expe- 

rience gained on »sis? »rale faants ha» permitted designers  tc offer "tighter 

designs, using ;uat.t dafcn a? A basi*  foc s i<*h dee Inns. 

19.    The overall effect   if improvements In 'he various hot carbonate processes 

has successif ully reduced rV  vnítia?   capital cost  oí  tfte hot  carbonate processe« 

to the point  at «hie.» tli«  difference  la capita   cost betvet-n hot carbonate pro- 

cès« and an «aine procer  la  Indiat inguUhaoie.    ThJ.r. ha« b^ea accomplished vhlle 

»till maintaining a significant  advance In energy tequireinencs for operation 

in savor of the hot  carbonai:« T-rocee*      Thus the economic incentive is today 

clearly ir. favor of the hot carbonate processe«,  and in tact  in «out  large 

«mr.onia planta currently in desigi, or r«crntly started the hot carbonate process, 

la one of it* proprietary fort»:*,  .la r.8?d fot  carbon dioxide removal. 

20.    The Sassonia synthani* ïoop r«îprareit» another a ea in which engineering 

development» hj?ve beer, mede in che pnat  few y#:ars.    The principle adopted teveral 

yea'*« ago,-u.ie oí  two r.Auett of centri tug«! compressors using proven compressor 

techno logy,-resulted in a synthesis j.re«si.re of Approximately 150 atmospheres for 

the 600 and  1000 ton p« r ear plsnts  t'.ten u¡". r csjîgn.    As pî ..v   sira increased, 

and as compressor technology increased, »ynthesis pressures have riwen to levels 

of 200 to 240 atmospheres.    Thi* pressure of course is net notably high,  as syn- 

thesis pressures of 300 to 330 *tmoeph«r«ss wet« viry conrion a decade ago.    Of 

cmrse, plants were of much mealier  capacity tnen.    Plants  today which utilise 

pressures of 200-24C atmospheres are  la thi  over-1000 ton range, any 1300 tons 

p««r day. 

?.l.  fn »ooe  instance» rhe choice has bp.cr mdc  -o  adopt three cases of centri- 

fugal compression, »ft'* then the i>,itimujr. «ynthesla pressure is even higher, up to 

about 300 or 320 atmonpherro, 

22. Sever«! proprietary araœonia co.ivette'- designs have made an appearance in 

*~ ' 



-11- 

commercial operation in recent year».    Among the»* are design* by Topsoe, ICI and 

ÜUllogg.    Ir each ca?t a qnench-iype o.a^aiyat nyt*tev, i.f» ured in an effort to 

Improve th<¿ inicial vessel *o«c and/or vessel »rascare drop. 

23.    Topaz's radial   tlav convert« contains  tve -•ectious ri catalyst cbaabers, 

on« above the other,  in a vertical cylindrical pressure vctsti *:hat  in of amali 

enough diaaeter to permit  full-diameter closure, even fur capacity in excess of 

1000 tone/day.    the ayntheti» gas flow» ridiaHy, oucvard in ore section and in- 

ward in the other,  the rtl*M.v«ly «wrt distance of travel  permitting use of 

small catalyst particle».    Tempratine control  ta facilitated by feed the In Ut 

gas in three portion«, on« o£ which U introduced »t  the periphery of the pres- 

sura vaaael  to keep th« wall» cota, and another la fed through a heat exchanger 

through which the converted gas in exhausted. 

24.    ICI'» converter contains a sLngl« «nnuUr bed of catalyst surrounding a 

central heat exchanger.    Quench ga» tu Inrxoduceri ar several interaediate points 

down the catalyst bed by ts*an< cf »peelally d*«ÍRned gas distributora.    The gas 

diatrlhutor, ov loieage, di atributes quench gas with pood efficiency ot tsixing 

vhile at the same time reducing th« volume occupied by quench aonea.    Ho Inter- 

bed support grida «re required, and catalyst loadin« »nd discharging procedures 

are simplified. 

25.    The synthesis catalyst used tcday is virtually the same as that used several 

years ago; therefore the new coivr-rters do not offer a new catalyst but rather a 

«ore economical vessel for catalyst containment.    The Topsos and Kellogg con- 

verters, by using a »«all particle slxe, also offer a reduction in catalyst 

volume coupled with a characteristically lower pressure drnp for a given syn- 

thesis circuit  flowrate.    All three converter» have been proven In c.-wsaerciai 

service. 

26.    Kellogg's design features a series of horizontal "slabs" of catalyst con- 
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tained In « horizontal prestare •hell, with quench Introduced between slabs. 

The lynchen« gat flows down end through the firet sUb of cataiyet, croesflow 

to the axis of tre converter.    The gas l. qwmched and made to flow, by «tane of 

a ayate« of bafflee, to the upper surface of the second adjacent slab of catalyat, 

and ao on through the converter.    The horUontal arrangement offers a large croae- 

aaetional are. of flow through the catalyat beda yet permita uaing a shell dia- 

meter that ia within the fabrication limits of full closure. 
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Amrnonia synthesis  design ha;:; advanced  by  the   further .u velopment of centrifugal 

compressors, by  the devo logent of improved amonia convert, rr;,   and by a trend  toward 

higher synthesis  prousurea than were  used   in plants desiarci  a few yrarn a^o. 
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