G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

02435

Distribut ions
LIMITBD

ID/WG.99/1
€ Augusth 1971

United Nations Industrial Development Organization
Original: ENGLICH

Second Interregional Feriilimer Sympocium

Kiev, UGSR, ¢l September - L Qutoter 1971
New Delhi, India, 2 - 1! October LJf1

Agenda item IlT/la

RECENT ADVANCES IN AMMONTIA PRODUCTION 'L'ECHNOLOGY-I/

J. A, Finueran
Le J. Bulvidas
No Walen

The M.W. Kellogg Company
Houston USA

_J;/ The views and opinions expressod in this paper are those of the authors
and do not necessarily reflect the views of the secratariat of UNIDO.
This docureni has teen coproduced withoud formal ediling.

id, 71=(226




We regret that some of the pages in the microfiche
copy of this report may not be up to the proper
legibility standards, even though the best possible
copy was used for preparing the master fiche.

e

e AR T
o







.3-

1. It is the purpose of this paper to summariz: “he major advances that have
been made in ammonia plant design in recent years. The advances cited are of
importance in that they have contributed significantly toward smoother, quicker
initial comiasioning operationz, and toward improved on-stream availabiitity of
these ammonia plants. The presentation s divected primarily toward advances
which apply to iarge-scale ammonia plants, that is, slaate of capacity of 600
tons per day or over, and tc advances which have {n fact been demonstrated in
such plants, It is neyond the scope of this presentation to discuss advances
still in the development or demuastration atage. Included are discussions of
recent advances in feedstock desulfurization, steam-hydrocarbon reforming, car-
bon dioxide removal, and ammonia synthesis.

2. Desulfurization of natural gas feedstocks has become more sophisticated in
recent years. 1In moat natural gas based ammoniu plants designed several years
ago activated carbon, fortiffed with metallic additives, was utilized for feed-
stock desulfurization., This material was adequate for processing of pipeline
gas, usually containing relatively low wulfur concentrations, At that time,
pipeline gas was usually purified by the natural gas supplier to a level of 10
ppm or less of sulfur. This small residual sulfur was tfavariably hydrogen sul-
fide or mercaptan, both of which could be adequateiy removed by the promoted
carbon. In addition, the gas supplied by pipeline was free of heavy hydrocarbens,
compressor oils, and the like., This consideration is extremuly important because
such heavy hydrocarbons are selectively adsorbed by activated carnon, therehy
blocking the sdsorption centers on the carbon and rendering it inetfective for
adsorption of hydrogen sulfide or mercaptane. PFor a number or veare the in-

dustry operated perfectly satisfactorily with such carbon desulfurization systems.




J. In recent yvears, howsver, experience has tended to indicate that the simple
carbon desulfurization vag 't complecely sa0i3factory. Aw tho natural gas pipe-
line approached, and sometines nusuibl, exceeded rated capacity, increasing evi-
dence of heavy hydvsearveas fa Pipeline gas hecame spparent. When leavy hydro-
varbone such as butzne or any higher mnlecular weight material, enters a carbon
drum oven for 2 ghorer verioc of iime the eftectiveness of the carbon drum may

be compietely nullifind. Tajis can oceur under conditions such that operators
are completely unaware of the change, priacipally bocauge the change of gas com-~
ponition in terrs of composition, heaiiug value or molecular weight is extremely
small., There have even heen reported instances of carbonyl sclfide in natural
£as, probably as a consequence of stiil urdeterminec phenomena in gas process-
ing plants. Carbonyl sulfide i{s not removed by activated carbon.

4., VFor pients equipped with carbon desulfurfzeras, a reasonable expedient has
been the fustallaticn of continunus titrometers for sul fur monitoring., The com-
wercially avuilaeble ‘rstrumrncs for this service, whiie oprobabiy not of suffi-
clent precision tor accurate fedduriments on an chsclute basis, are adequate for
nlant control purpeses, Many operators have adopted thesc instruments and have
found that, 1f calibrated peclcdically sgainst aure refined laboratory methods,
they are useful operating guider sng nie satisfactory indicators of significant
ot rarid change 1a suli'r content of vhe puriiied was. Most operators use such
instrumente au & guide te carboa legenecatlon frequency. The general practice
8 to regenerate op o regular frequeacy bLoasls, and more often if the titrometer
€0 indicates. A <yifar readiug of 0.2 pimr 5o the generally accepted criterion
for regeneration.

5. On new ammonia plants, those designed within ¢ he

last two years, there has

been a4 strong tundency to inciude desulivrizacion equipment capable of removing

sul fur even in the preeence of heavy hyatocar®ons, and of removing the more re-
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fractory sulfur zompounds sveh as cachbonyl sulfide, There are several means for

accomplishing this ohjective, ~swn CY&Ri.pi 08 3T given,

a) Natural gas is firat desuifurized with activated carbon, which {a still the

b)

sost economic means for zaximum sulfur removal must of the time, However,
28 a backap, 3 hot rius axide drey’ fur{zer 1a provided. The gas exit the
carbon desvifurizer is praheates to & temperature of approximately 400°C

and passed into a vessel contaialng o fixed bed of z2inc oxide, At this
temperature ginc oxide 19 Lighly eftuctive for chemical reaction with hydro-
gen sulfide and mercaotans cven in rhe presence of heavy hydrocarbons. The
zinc oxide is of course converted to zinc sul fide by chemical reaction. In
addition, at this temperarure zinc sxide 1{# oftective in removing carbonyl
sulfide, provided that the initial concentratios of carbonyl sulfide s
reéaonahly low, as {a uauzlly the case. Thia system 1s relatively inexpen-
sive in terms of both capital charges and 2peracing cost. Since the zinc
oxide merely serves as o back-up, or guard, fte ccasumpticn is relatively
low. After the zinc uxide has been converiad 1t fu usually discarded, as
recovery or regeneration f the small quantity fnvolved s not economic.
Preheating the natural 848 Lo 400°C s not a penaity, inasmuch as {t is
required that the 848 be preheated prior to reforming anyway.

A more sophisticatcd desul furization system comprises mixing the natural gas
with hydrogen, in the femm of recycled synthesis gas, preheating the mixture
to 400°C, and Passing the mixture over a Led of cobait molybdate catalyst
and then over a bed of zinc oxi{de The cobalt molybdate serves to catalyze
the hydrodesul furtzation reaction whereby organic suifur of &lmest any type
likely to oceur in nataral gas {8 converted to tydtogen sulfide. The resul-~

tant hydrogen sulfide {s then remcved from the peus by the zinc oxide, which

converts to xinc sulfide This aethod of desulfurization is somevhat more




costly in respect tc both capital coats and operating costs, principally

because of the necesaicy o recycle a portion ¢f the ammon.a synthesis gas

back to the des:lfurizer. This Tecyele J9 o mtill relattvely small, Tepre-

senting only a fraction of one percent of the toiul -yntliesis gas, However,

*his desvlfurization technique represents the wost advanced and sophisticated

desul furization aysrem employed Jur naturai gas descifuvization, aad $s

deomed adequate for almost any ngtural gas ifkely to be encountered,

6, Eagineering of steam-hydrocarbon ¢ formers has sdvenced in recent years,

theae advancea belug perhaps more sccurately classitied as refinewents. Never-

theless, they have improved reformer :n-strean availebiisty considerably.

7. Ammonia plant rrimecy coformars cortaiv hundreds of cataiyst tubes. The

tubes are about & to 12 cm in luside diametar, cnd about 10 neters in length,

and are fllled internally with catalyst particles, Renerally about 1.5 em to 2,0

tm in size, The tuhea zre fabricated of 25 perceat chrome, 20 percent nickel

alloy, and operate at & temversture of approximately 00-930°C. Ths tubes are

Atranged fo: paral!-} gas flow, «that f{& the san la distributed in a uniform manner

ro each of the hundreds of Lubes atv the inle- of top ¢nd, and 5% is collected at

the outlet or Yottoug end. The tubes ar- arrasgec in groups of 40 or 50 tubes, in

An assenbly sometimes called a "herpt ,

. As the reformer furnace g heatnd, the hai'p expands of course, and 1{f any

uneven expsnsion oczurs :sevave thermgl £CroEses will be develaped. Techniques |

kave been refined for assenbly and erectior ¢f the harve to miatmfve the axial !

o3d bending stress experleaced during and ofter heat

ting of the reformer, An

example i3 {n the Asgembly sequaiice. waich requlives that the field velids be made

in svch sequence that axial ervess s edpentially zrwg,

Arother exampie {g {n

the procedure for field recalibratioe oi spriongs used to tupport the tubes; each

spring is adjusted withia narrow tolerorces to assure unlf{orm support for the




harp, and to assure thet no single iube ov groun 0. (ub-s is e .bjected to an un-

duz axtal lcad, RNomer-us siml AT ¢agi. .rive and tabeic.” sr aod(ffcations he.e
teen made, !‘ncludiug imocovemen: ia the all-.mportant metter of quaiity coutrol

as applied rto berh shop und vicld work.

J. in additlon to the vare erarcisud by the eaginsecing and construction organi-
«ation concerned with design and' ~rectiin o1 the plant, waianrenance procedure:
have aleso been vefined and cxpandes. Periodic recalibration oi support sprinkr,
careful inapection of walds, monitoring of operating temperature and similar pro-
cedures have increased relocemey avallabliity signiiicantly, Detailed maintenance
procedures and manuals rre prepared and shoulé be careful'y followed,

10. The catalye: uscd in peimaiy reformers has experienced considarable improve-
ment in recent years, Improvemcnts inclucde use of support material with improved
leng term atrength character!sticn, formulation of catalyst with improved long
term activity and even {mprovewents in the heat tranafar characteristics of ve-
former catalyst,

11. Support materialc used on esarller citalyst. subjoct tr the severe conditions
of tempcrature and pressure experiencod in modern large scale ammonia plants, fre-
quently suffeced sevire loss of civsh streagth after pericds in mervice as short
a3 saveral uonths, Crush strength, measured bv simple laboratory techniques, lost
as much as three quarters of the inftiai value, 4hile this degradation did not
invariably cause difficulcy, there have been inatances in which catelyst crumbliing
a8 occurred as a consequcnce of the loss of crush strength. Since this erumbling
meant increased resistance to flow, plant throughput could be affected, FPurther-
more, {f crumbling occurred ir som: of the tubcr, vather than all of the tubes
(and this 18 in most instances what tonds to happen) then flow through tubes

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

one of reduction of plant throughpit,




12. Therefore Improvemeat in furmuiation ci reformer catalyst support materials

in a significant {wprovement which has occu.tred in receat yea s, While the pre-

scntation of the technical <etails of the support composition 18 beyond the

scope of thim presentat.on, the effect of the change 18 noteworthy.

13, Catalytic acvivity and catalyst physical strength are interrelated., Useful
catalyst lite can he tevminated by cither loss of activity or loss of strength;
conversely, good long term activity with »ocr long term strength, or vice verss,
i{s of po particulas value,

14, Overall catalysi activity ass not been a critical factor in recent years,
hut a phenomencn termed “hot bande" nas caused vccanional lo3s of production,

The "hot band" phenomenon is characterized by loss of activity at one particular
zone in the reforme:,-a critical point at which methane content is still rela-
tively high, and temperature is also rejatively hige, and at which consequently
the rate of reaction axpresse? as quantity «f carbor reacter per volume of cata-
lyst is maximum. At the point at which this absniuce reactiocr rate is maximum,
many catalyot exhibited premature aging sad eubsequent louss of activity. Recause
the chemical drivieg /orce is high auv tnis narticular locatiorn, high catalytic
activity is not required znd a2 moderate catalytic sctivity {s adequate, New cata-
lyst formulations have beeu developed which,while of scmewhat lower initfial acti-
vity, have ‘ar supericr atilliy to malrntain activity than the more active catalysts
used earlier. This 13 au interesting cxaup.e of an insvance in shich catalyat
activity fudicates 2 svperior Jife, uad is, !n the overall, a berter catalyst,
15. Another recent devzlopment in primary reformer catalyet technology has been
a relatively simple fdca %o improve heat characterisvics. The designer of a ra-
former ctube (s required tu strike a classical englneering balance between heat

trensfer charsctervistics and premsuie drop., The factors which teand to increase




hect transter are the verv facters whick, urfortunatelvy, tend tn increase pres-
sure drop; the anginecy atrives o tind th2 9p*'mum balance.
16. ‘n a refovriner tub~ e reqriscmenzz for heat tronsier are greatest uvar the

iplet end, where the huik <f zhe chemical reactiion heat as well as sensible heut

is recrired. ihe preesure dror counsidersasion is sr2ater ut tne nutlet &nd, where
gas velume 18 aresteat. Therafore lual catalyst eyatems have been introduced to
tuke advantage ¢f this corridevatis-n, 1In oae system, [{or exwople, small size
catalyst perticles are used au the inlet and large size particles at the outlet.
This combinatior servesr to increasr the heat transfer zharacieristics at the ipn-
let end and tn decrcaze tie pressure drop at the outier end. Thie has been

adopted in severa®l plants as s means inor tucreasing throughput or converssly per-

nitting more efficient refure. aperction,
'7. Carbon dioxide remoral avetana design 13 aaotier area in which considerable

development has been achieved {a vecent vears. Several years ago, amine systems |

such as moncethanolamine were used ¢n almoat every insracre {n which energy contti

A I
Yere relatively low, and acuivatad hot potassivm cerbonate processea such as |

Giasmarco-Vetrocoke, 3enfleld, Cavrecl = Catacarb, were 9¢1 {n Irstances in
vhich energy costce were relativelr hiszh., The hot petassism carbonate procrsses
require considerably leas encrgy .han wmine gsystems, sxnd for this reason were
favored where energy cost: were high, On ths other hand, initial capital chearges
for carbonace systems were higher, and therufors a "payout” consideration entered
incto the economic basis for seclection,

18. Over the past yew years the hot carbonate processes huve benefited from
eignificant developments. New and iaproved corresion inbibitsrs have proven
adecuate "o permit use of icss high cost alloy sreel for squipment design. Expe-
rience has been geined to dewons:irace the eftectiveness of new and improved pack-
ing materials in carbonate service, causes of earlier problems with eludge for-

nation have been identified ana eliminated, (oncern witii foaming tendency has




been reduced bv Leiter operating techriques and, perhaps most {mportant, expe-
rienc: gained on iazg2 scale plants has pernitted desigrere to offer "tighter"
designs, uaing piant data ar a basis foc such desiyns.

19. Tne overal! sffect of improvements in the varicus hot carbonate processes
nas auccesnfully rcduced the wnitia) capital cost of the hot carbonate processes
to the point et whica tue differeance ia capital cost betvecn hot carbonate pro-
resn and an smine procese is lndiscingnishapie, Thir hae been sccomplished whiie
still maintaining a sigaificant advantege in encrgy tequirements for operation
ip faver of the hot carbocaie process . Thus the economic incentive is today
clearly in favor of the hot caroonate proces.es, and ia fact in mnst large
amronia plants surrently in desigi ovr recently started the hot carbonate process,
10 one of its proprietary formz, is usa2d for cerbon dfoxide removal.

26, The ammonia synthanis loop reprerents ansthier s-ea fa which engineering
developments heve been made in che paast tew years, The principle adopted several
yea’s ago,-uije 0! WO rnasex of censriivzal coanressors uslng proven compressor
technology,~resulted in a synthesis pressure of approximately 150 atmospheres for
the 600 and 1000 ton pov dav plsnte tlen us’oc Je3iga. As pluat size increased,
and as compressoy technology increased, synthesis pressures have risen to levels
of 200 to 240 atmozphercs. Thie presaure of course is nct notably high, as syn-
thesis pressurss of 300 to 330 atmospheres were very common a decade ago. Of
course, plaats were of wuch ssatley capacity tnen. Plants today which utilize
pressures of 200-24C atmospheres ave in the over-1000 ton range, say 1300 tons
ner day.

21. Tn some instances the chnice has becr nade <o adopt three¢ cases of centri-
fugal compression, ca? then the optimur syathesis pressurc is even higher, up to

about 300 »r 320 atmoapheres.

22. Several proprietary sumonia couverter designs have nade an appesrance in




commercial operation in recent years. Among these are designs by Topsoe, ICI and
Rellogg. Ir each car: a quench-1ype ca~aiyst syatem 1s ured in an effort to
tmpr&ve the inicial vessel roat and/eor vessel priscare diop.

23. Topsne's radial ilow convertex contalns twe cectious of zatalyst chambers,
one above the other, in a vertical cylindrical preseure vessel rhat ia of small
encugh diameter to permit fuil-diameter closuie, even for capacity in excess of
1600 tons/day. The aynthesis gas fiows radiaily, vucward in ore secticn and in-
ward in rhe other, the vclavively snort distence of travel permitting use of
smal)l catalyst particles. Temwerature cantraol is facilitared by fced the inlet
gas in three portlions, cne of which Ls ‘atroduced at the periphery of the pres-
sure vessel to keep the walls coui, and another is ¢ed through a heat exchanger
through which the converted gas ir exhausted.

24. 1CI's ~onverter contains & single annular bed of catalyst surcvounding a
central heat exchanger. Quench gas 14 introduces at several intermediate points
down the catalyst bed by meanr cf specially designed gas distributors. The gas
distributor, o1 lozeags, distzibutes quench gas with pood efficlency of mixing
vhile ar the same time reduciog the volume occuppied hy quench sones, No inter-
Led support grids ers required, aud catalyst loading and discharging procedures

are simplified.

25. The synthesis catalyst used tiday ie virtually the same as that used several
years ago; therefore the new converters do not offer & new catualyst but rather a
aore economical vessel for catslyst containment. The Topso: and Kellngg con-
verters, by using a small particle size, slso offer a reduction in catalyst
volume coupled with a characteristically lower pressure drop for a given syn-
thesis circuit flowrate, All three converters have been proven in comercial

service,

26. Kellogg's design features a series of horizontal "slabs" of ~atalyst con-
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tained in & horizontal pressure shell, with quench {introduced between slabs.

The synthesis gas flows down and through the first slab of catalyst, crossflow

to the axis of the converter., The gas is quenched and made to flow, by means of
& aystem of baffles, to the upper surface of the second adjecent slab of catalyst,
and so on through the converter. The horizontal arrsngement offers a large cross-
sectional area of flov through the catulyst beds yet permits using a shell dia-

metexr that (s within the fabrication limits of full closure,
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Ammonia synthesis design has advanced by the furdher dovelopment of centrifugal
compressors, by the develcorment of improved armonia convertors, and by a trend toward

higher synthesis preusures than were used in plints desigren a few yoars ago.
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