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"ontecatini Tdison
Milen italy

The industrial synthesis of urea is obtained by modern processes intended to s0lve

in the most economic and rational way the fundamenta. problem of how to recvele to the
reactor the ammonia and carbon diovide resulting from the decomposition of ammonium cerba-
mete not converted into uree. In the stripping processes with HH3 or 002, carbanate is
decomposed at the same Pressure as that of the synthesis reactor and the gases arc sent
back to the rcactor prior to condensation. In the M7 process, decompositior is obtained
by heating at & pressure of zhout (0 ctm., followed by condensation at the same preg&sure,
Due to the high tempereture et which condensation tokes plice, the heat is recovered us

steam and used in the same plent both directly and zfter turbo-compression.

Such ¢ procces was successfully implemented for the first time in o urea plent of
capacity 700 mt/ﬁ, which started operating in 1968, in arother plent of 1,000 t/d prilled

uree, and in five additional lirge-cepacity plonts.

. - b
It is & high efficicney cycle, owing to the high reuction pressurc (200 ke, cm® £.)
and high IH3/002 retio to the reactor, with low recycle (low H20/002 ratis), without
requiring the addition of water in the condensation phese. The total consumption of

steam ot 20 kg/cmz £. in €50 kg/t urca, which ranges zmong the lowent quantities needed

1/ The views end opinions erpressed 1in this peper ire tiose of the author
: ) . Ty
and 40 not necesscrily reflcet tie views of the secretorict of NI,
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by the verious modern processes. The process is tlso characterized by the cdmission
of zbout - of -')02 irto the carbamete condenser at cbout RO kg/'cm 7 &.. this allows
condenration of ull recycle ammoniz without ~dditional cquipment thus there is clso
an inecrcese in the quantity of heat rccovered in the carbomate condenser corresponding

to the quantity of corbamate fermed Ly the primary G0, frection introduced into it.

Threc solutions ere considercd:

1)  &ll the machines arc motor-driven and stcam exported

2) turbo-compreseion from 2 to 4 kg/cm2 s of the stcam produced and its com-
plete consumption in the plent

3) main machines driven by stcan turbines, with « large reduction of olectric
power consumption,
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T. IWQI0UCTION

»_ In all proceases, the industrial cynthesis of urea iu obtained by reacting li-
' cuid amnonia and gaseoug carbon dioxide at high prossure and temporature. There

| 10 formed ammonium carbamate by means of hi'hly exothermic reaction (1) s

3

+

: After an adequate residence time in the reactor, within a tomperature range be-
tween 160 and 200 °C and a propsure range betwcen 100 and 250 atm. s Peaction 1)

’ practically completo, is followed by endotlicrmic reuotion 2) in the liquid phaso:

2) :mzcoo...x g —= mxzcorm + 1120

2

Reaction 2) is not completo and has & urea conversion officiency of 50 to 70
according o the oporating conditions, The kcy factors for obtaining a high urea
efficiency per piss and as a condequenca u 1ow recycle of uarecacted to tho reaclor

are : temperature, pres.ure and molur ratios ol ml3 to €O, and 1{20 tn 002.

§1n modern tot:l-recycle plants 211 am snia and CO_ must ve converted into urea

2

: and water; thereforc the not converted reagenls have always to be separated from

gthe urca nolution and tu ve reoyseled to the reactor, itecently, the properly call-

ed stripping procesves have solved e above lundanental rocycle problem by de-

compoaing most of the carbamate not transformed into urea at the sawe reaction

ressure, atripping off with peiwwy gaseous :m3 or (:4)2 the molution effluent

Wrrom the reactor, The carbamate dissoc.ation tension in heterogencous equili-

®rium 1) is in fact function of thae vapour phase temperature aud compusition., If

3

g ‘\

ny of the two vapour phase components (zmj or 002) i3 in oxoesy, carbamatu may

10 dissociate at a high preusure,
¢ ¢ases thus siripped are condenzed and recycled to the reactor.

e most important adventage Lhote processcs offer as cowpared 10 thie former ones

the Posnibility to condense the faves oltained from stripping at the same re-

tion pressure wilhout adding process watler, with the recovery moreover of the




condenantion headt to prodice low pressurs intuam, Hich nressurc siripping actunl=
ly allowa carlwmite Jistiation (even if not complete) at the rcaclor pressurc,
by merely rcducing the usual reaction presaure from 200 + 250 atm. to 130 « 150
atm.; in this wuy the veaction efficiency lowers considerably becausc, at nuch &
reducod pressurs, in order to maintain the reagents in the liguid stage a3 re-
quired by reaction 2), also temparature must be lovered. pevides thin negitive
factor rc arding the conversion efficionay, there i another one wihich affects
the stripping processes 3 the ammonia quantity too is to be reduced, unless the
amount of proceus waler in inercased, in ordcr to maintain the reagents in theli

quid phase,

Joreover, like fomanr proceasen, the stripping ones require various recycle

ntager atl decreasing preussures in order tu recover all aummoniag such recovery by
stapes is oblained in the form of an nqueosun tolution, which practicilly meuns &

water flow back to condenuser :rd consequently to the reactor.

Also the procesces without stripping with aqueous solution reeyele oan be consi-
doranbly iuproved once the obatacle of the condeasntion heat recovery is overdoie;
that implies the need of condensing fter distillatioﬁ ~t a suitsbly high prec-
gure, even if considerably lower than the synthesin pressurc, 80 a3 to increane
temparature and allow heat recovery by atexm production to be used in the sume
plants. Thig difficulty ham been overcome Ly the Monteeatini Tdinon process on

which nre baged nany larpe uves units in operation,

Thus the purpose uf poducing alean eonsuaplion to about 650 kg/t of urea has

been attained as done in the stripping procouses, while respecting at the sume

time the conditions for high clficioney and low rocycle, that ic high N /c02 ra
... j po=y

tio, low water conteat in recrele carboade and high reaction tenpeorature,

The main characterisitic of all the modern processes is low stean consumption,thia
bein:: one of the fundamenial plant suvings, dod in tact in all procemnses, Hll awl
3
002 rocuirements roeh values that are not far from the stoichiometric one.lIn the
variong aodarn proeccases heol recovery it oltoined by means of alemun produced at

a temparature allowing it to be used for the proces:, and not by moans of direot




hoat exchange batween proccus streams.

sefora examining the new Honkcoatiai Ndison proccis, it miy de added that the wo-
dern atripping proceases have been substuntially inlcnded to reduce heat consump-
tion for vcarbumute deconposiiion. In fact, when in former procenses improvemants
werc gradually made meant to reduce the quantity of unreacted carbamate Ly a hiyzh
convernion efficioncy {(obtuined by increasing tic ia’kls to CO 2 ratio and decrouning
the 11,0 to (!02 ratio) and meant to recover the condensation heat (by raiuing teme
poratx:wé), they always inevitubly rosulted in a risc of the reaction temperature
{due to the amaller recycle to which the reaction heat was to be yielded) and a
higher enthalpy entering the reactor (duc to the higher carmumate temperuturc). It
vas theroforc indispennable to remove conasiderable hvat quantities from the reac-
tor; in fact the two partllel ceffects of high efficicinoy and bigrer themwl reco-
very praclically brought the firsi condenser pressure to coincide with that of the
reactor and it was consequently impossible in the firat distillation unit to ocon—

duct as usual docomposition of the carbamate in oquilibrium with ite own (ases at

the suse pressure ad in the 1nt condenser.

Tho various methods: followed during these last years to overcome the above diffi-
culty are substantially the only feature which differemntistes the various process—

es; thoy are ¢

Presoure lowcring in the first _ wodification of tho corbanate

distiller to normil valuos digsucintion equilibrium

(30 atw,) 1 ‘ [ 1

adiabatic thermocumpression of stripping with stripping

the gasos up to the reactor primary OV, with pri-
pressure (Chemico) : : (v5: and iorsk Bary ’m3
' iiydoo) (1AL and

oatherly)

Wl _3iuert
( 3}

cAascs)
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In all the three processei, heal is recovered in the form of steaw, to Le used

in the plant iteell fur tucrmal voco (TS and SJAH) or as power (for conpres=

gor runiinz) and subseguanntly Por thesimal naes (Gheml‘ﬂ).

SHAM stripping process han been recently (1) modiiied so as to reduce scome of

the abova disadvaniages, iere precisely, the recctor pressure has been render-—

ed indepondent of preacure in the siripper-condenser group. As done in the lon-
tocatini dicon procsas pateited in 1957 (), o carbon dioxide portion ig sdmite
tcd inte the corbauate condenser; the condenuation heat is recovered as always by
the production of low presuure zieam, The cwrbanate solulion effluen* from the
condenser is brought again to the rcuctor preoasure by an ejector using a portion
of primary amnonia as power (while the balance is sent io the stripper). Lvident-
1y a limilation i3 causcd by the portion of the ammonia Lo Le used as power which

is not such as to permit a pouction pressurc much hipgher than that of the ntripe

per.

I, WO VOLETICATIHT uDIGOH MIOCRSS

Unlike vhat necossarily ocuwrred in the stripping procences with inert gases or

with Nu3 or 002, in the new Io.tccatini ndison process there is no neced of lower
ing the reaction pressurc and tempe-:lure wilh all the ontailed negative aspects
deriving from the decrez:ied convernion effiecicncy of carbamate into urea., Tempeo-
rature 2ad prossure (200°C and 200 aim,) have been even slightly increased with-
out repercuuisions in conneclion with the danger of stuinles: steel corrosion in

LT~

2
tio high (it in known that the solution corrotivencna decrcnges as excess ammonia

tho reactor liring. In fuct it his 0lso been ponsible to maintain the Nﬂj/CO

incrcases).

No changes therefore with regnrd Lo high procsure syuthesip - cxeceplion made for
an inproved cfficiency - and no need ol espcvventiy, The new conaept of the pro
cess conciras thie opertiling econditions for tha wpparcivans iumediately downstrean
of the reaclor, miinly the enricncle decanpo.,er and Le carbomate condensers,

irs el o~ T . L2 TS R ~ PP S P
sicieflyy there nas boon oplimsed ke curba als degonposiiion pressure; the solu-




tion effluent frow the sc:clur in dseumposed La o distiller at 60 atn. and 190°¢
into Cﬁa wad? :n3 ond met of cuncars 433'im evayorate? My means of the steam line

licat,

A complete solution of this key point could ot Lo found in a theoretical way
only; & modest exparimentaiion has been reguired, It has baen nacesciary to ascer-
tain whother at a relatively high pressure the carbamate dissociation would occur
aliost compleciely without madifying equililrivm 1) uy adding CO? or HHJ, i done
in the stripping procosiacs, Theoretically, mechanisms have been expccted to oou-
duct dissociution of carbamate in sodubion, They have been subizeguenlly verified

by means of dynamic dcterminations of vipour tensions of various composition car-

bamates,

That ic aotually the only experimentation required prior to the desiyn of an in-
dustrial plant capacity 700 t/d, which started operuting in June 1964 in the G '.A.
ractory at Gluiskil, Ueiherlands. The decomposition guaren, separated from the
urea solution, always at the same presaure of 20 atm., are mostly condonsed inan
apparatus deseribod elsewhere (3) of special dasign, in the forw of ammonia aquc—
ous solution and carviwsaic at relatively high Lemperatures : 149 °C at the upper

-inlet ond 13500 at thy Yowe . inlet,

Tan condensation occurs at the decomposition presaure (60 utm,) and under condi-
tions suitable to produce steam at 3 kg/cmz aby, to be used for the Procesy or
available for expori. In this apparatus, about 879 X of oteam per metric ton of
urea are produced wiih cnormous advantayre for the whole process uaviﬁgu. In the
mentioned plant, o portion of thig atcam ju also turbocompressed to raise pres-
cure up to Y kg/em? ale, and ig used in the plont itsolf, The selection of the
cycle with or without steam turbocompression in conditioned by the actual distrie
bution of the factory steam lines, 1n any ¢i.iey the production plant requives «
"ax. steam congumption of £90 ks par ton of urca considering steam at 20 kg/cm2
abs, A characterizlic of the new process is ~lso the admitiing of a portion of
primapy Uuz(ahout 1/( of the botwl) inte lhe condens.r instead of the reacior;

that offerys the following advantayes
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002 CAnpr Gl 10it, o0 1 07 LU is  apresssd only uwp to BO abn, instead of 00

atm,;

~ posribility 1o condenie b £0 atm, alwost all recycle ammonin without sepin-
rate eqvipnent for rectilicition, condensation and reeycle;

- increase in the quaatily of heal recovered in the first condenser correupond-
ini to the carbawile formed from ihe fraction of primary w, adinitted into it;

~ preusure reduction in the 15t condenser (in spitc of the low HZO content and
of ths high ammonia content in the recyecle compouilion).

*

It is definitely a high officicncy process (low 11,0,/C0, ratio and high un}/coz

2
ratio) with a high heat recovery.

The process is in fact charucterized by the following basic paramenters @

- molar ratio of N!l3 to 00? : (3.8)
- molar ratio of 1,0 to co, 3 (0.%0)

- conversion efficicncy : (0.63)

A successful implouentation ol the preccss desipgn for the first industrial plant
was oxp:usted. Guch plunt we otrrted up as vifely and ropidly as other plants
boged on the previous widely cxperimented proecouses; that was actuslly the conse
quence of the use of techmigues and apparatuses alrcady satisfactorily applied,
thus avoiding fur instance new-design apparatunes such as coz or NH3 stripper or
reeycle gas therwawonpressor or reactor with incorpoyated exchanzars and relovani
problewi. Also the new carbamate soudenser natural cirealation lype was actually

similar to the provious ones, waving to cperate au vartical water tubs boiler in-

stoad of working uy coolint water, with the advantzes of a grall tube/shell Ot

(expanrion problcnm) and of & coustant temperature on Lhe stenm side,

INT. DOCRIPTICH G %1% PROCESS

The process which Lt outliucd Lelow Lws been folloued in a plant capacity 1,000

t/d rralled urcs Qready in o) cration o an jud.

L01al seales The key concopte




menlioned avove (¥ised) wre a,flied in uhiis process, Since 1ocovered stoam could
e mcaal foo waleranl e, Lo wta Larbocompresser 0 not erployed and thero-
fure the eonsumption of fresh iteam at 2y kg/en? abs, is 1,100 %:/mt urea witha
recovery of 250 ki; steam at 3 kr‘em2 ubu.y which corresponds to a net spocific

consumption of 650 k;; all the machines are electrie wolur driven., Raw mnterials

requirencnts and recoveries as well as utilities are reported in Cage 1 Table 1,

Ligunid ammonia and C(),‘2 arce Loth compressed in PAY and CAt up to the syntheajs
preasure (200 kg/em2 abs,); (amnoniz i preheatnd by steam), They are nant to
reactor A1 (which it & colwsn vithout internals), A CO2 portion (about 1/4) is
drawn from the Jast but one stage of CA1 at RO atm, and is seni to condenncr ¥2,
The mixture effluent from the reactor at 200 atm. and 200°C is expanded and sent
to diatiller F1 where mout carvamate in decomposed at 30 atm, and 190°C, 'The
mixture efflueni from M enters separator D1 where vapours ure smparated from
the urea solution; vapours flow to first condenser 2 where they are mostly con-
densed in aqucous "HB solution and amcnium earbam:ite at o temperature ranging
between 145 and 135 ¢C and at £ ki/cu2 abs, The condensciion heat allows the
production of steam at 3 ke/em? Qbs. The rases not condensed in P2, mainly con-
sisting of Nl , are fed to condencer ? biu which opers o8 at he aame precsure
as M2 but ut ; temparature of 115 °C, that i lowery alse the carbamate dis-

ciirged from 12 i sent to 12 big,

Owin; to the lower operating temperature in F2 biu, the gasus are completnly
condensed, The ineris diselurgzed from F2 bis are vachad in colunn C1 in ordap

to rocover the cmmonin balance and e twbsequently vented to lhe atwosphere,

Stean produced in F2 (£7% kaz/L) ia used in the plant, wore precisely in F7, in
reboiler M2, in wmonin prehester 172 bie and i» vaecuum cjectors, It in mide

rartially availiable at battery limite, as recove sy iiledan,

Che condensed solution ig revyeled to the renctor by corlvuscte piston pruapa Ta2
2} 3 . s n . . | . . N \_..‘
{eantricyeal Vieps insiend el racinrociting ones e being ingialled) wlich pump

I}

Lnt’.

cutution from £0 atie Lo e reac.or pre surc of 200 win,
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The nren colution 18 vt to the Lue abmea At deeroncing pressure (17 and 3 l:(-?/
em2 abn, ), each gtare o mneiciee a uistillation, @ seoawration of the distidled
vapours and a eondensation of the separite vapours, The condensate obtained from
the 3rd csiage in reeyrled to the 2nd from where the 2nd #tare condensate {s ro-
cycled to the first und trom this, logether with the 1nt stage condensate, is
recycled to the reactor, The urea solution at 7)° is subsequoently concontratod

in 2 stases under vicawr at (.3 and 0,03 k:/en? abs. respectively,

The mses effluent frow the 121 under-vacwwn conceniration stage arce condensed
in & and mij ir recovered fros the zolulion thus eltoined in rectification co-
lumn C4 where water practically frea from ammonia is discherped from the battom,
The prses which flow from €4 ure condenzed in €3 and the ammonia solution thus

obtained is sent to the 3rd recycie,

“olton urchr effluent from the last concentration slace is sprayed from the top of
natural driwucht touer 51, The atomizerz and the tower are 50 desirned as to ob-
tain at the bottor . prilled produet haviag wan exceilent partiele cize, powder-
free, compleicly cooled and solidified and not subjeet to caking, that is rcudy

.+

to be cent to gtorams withont ~enlins and acrcenine

o

Fipure 2 fo pisfoe movia o crreral view of the plant capaecity 1,000
t/d vased on cuch procacs,

v, ALTHATIS TO TR PivIONS ¢Yeln:
In Talle 1, requirenes ts wmefer alru to Csses 11 and 111,

Cave II - It diffcres from Case 1 in wiean uw:inge, which iz complete. In fact,
steam produced ut keyem? abs, i3 cuipressed in a turioconnressor operated by a

turbine :upplied with the line stoum,

Comprensor and turbia. Loty Asclorge indo o corson Verder at an intormodiate

. .o ) gy v ! i + N . ..
prasoure ot G to T koon” aus, oo g wsobdn the o oGse neea plail. ‘he power
neennre oo by bring Lhis vecovey slen Prac! fon bo e mpature callicient ior

its using in the plint 3o ol g Tl iy ndia s the atew, rom the line




in a turbine ins'nad o RO TS SO TS S TP turline-ntoy compresior group

i8 commant nnq ARG AT S B RLIZE BP I the dnveste wt aoey ig nerlizible, Thia

alternate iu suitable for plants having a capacity of 600 to 1,500 t/d. The

first plant implcumentation aeecordine to thig tycle was obtoined in the above 700

t/d plant, ordered in Tanuary 1957, rtarted up in June 1943 at full load and

Aince then satisfantorily in operation, Following thig cycle are now under cone

struotion two plants, each having o capacity of 1,500 t/d (on 2 lines) and a

plant having a crpiacily of H00 t,/d,

Case 111 - %Mo difference minly lics in the @machineq operating by stoam tupe

capacity plants (between 800 and
1,500 t/d), (;02 is compreusad up to 200 kg/cm?2 aba,

bines. It is rarticularly suitable for big

by “cent rifugal compressors

(3nech machine: with a il revolution numer pe conatricrted Ly Wuovo Pimone

firm, Fironse, Italy) (ier. 4)e Also the amuonia and carbanate reciprocating

pumps are driven by back-preasnre turbinen, 4 coneiderable reduction of cloc-

trie power consumplion ias thus obtained (10 kiih 't urca) while the concumption of

steam at 40 kg/em? ¢, o of covrse increascd (9 1250 kg),

Vo I8MU RIAL ACIIEVRIRNTS

Aceording to the process deucribed above in ity wain allernates, iontecatini Fdi

son have up to now desigand and conztructed 6 urea plants having a capacity

ranging botween S00 ang LS00 t/d. The first two plant
end 1,000 ¢/ reispe

8 buving a capacity of 700

shively, have been rwining at full lowd fop 3 years ind 1 year

reipuclively, The proeecs, being o gradual evolution of the former ones, which
were based on total recycle, is extremely siuple and eniures the highest safety

e to the long-dated
b

and wide exparience acquircd by Montecatinig “dison, who

Ve inplemanted and opcrated all over the woi'lidl 55 plants for uren production

6
(oth prilled and cryrtolline) for o total cupneity of 5 x !Oat,-'y.

‘U the lons stor, of Ui ures proane: evolution, I'ontecatini 2dison-have heen

the fipg: wrea praduter on an incustegal aeoie fzeardinu: to the Pauser=ontec: .

tiny proce i ginee 1255« The iiplenentod plirit, hive boon charactorized by the
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to

= open oycle, wiln pariial recyole;

- carbamate reeynlce in goadasus phase (neleotive recycle, in aqucous gsolution,or
under the form of crystals in suspension);

-~ two, three or four carbuinbe reeycle stages:

- with or without soparale anmonia recyele;

- with or withoul strippinz of recycle eardamate;

= without heat recovery or with recovery of direct heat (that is yiclded to a
prooess fluid) or with indirect heal recovery (tuat is with sicam production);

~ capacitien for single unils ranming between 50 and 1,000 t/d (units having &
capacity of 1,500 t/d are bcing desizned);

- supply of raw materials (HH  and C()z) in the liquid or gaseous state, or in a

3
mixture (tail gases from other prodactionz : for instance {rom melamine plunts)

- produoing granular and crystalline urca, urea in solution and prilled.

It may therafore be affirmed for certain that the whole range of the now fea-
sible condilivna for urea production has been accurately explured by wontecati-

ni BEdison.

The turning=-point outlined zuvove may be considered important but mot fimal; inm
any case for the time beinp, as comparcd to the bost knowm commercial processes,

it offers the following advaniaresn .

- Ligh converaion efficiceney in the renctor and therefore smaller sizes and low-
er costs of the apparatusesn;

- the apparatuses for heat recovery operate at less severe conditionn : consider-
ably lower pressures and temperatures; less heavy corrosion condition:s, thus

contributing Lo reduce the ocperating costsy

- gteam consumption equal or even lower than in any other procens,

Such process, however, which has alrcady been wadely followed on a commercial
geale, does nol ropresent a paiat of wrrval, e nbuldies and resenrehes on

pilot plants arc under wiy for the devaloprnent of 53ill wore interestins evoles




wiich wo hope to be scon in o position to submit to the urea plant technologiste,
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