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SUMMARY 

TECHNIP MAVROVIC HEAT RECYCLE UREA PROCESS^ 

I.   Mavrovic 
M.   Bergonzo 

Institut Français du Pétrole - TECHNIP 
Rueil Malmaison France 

The "Heat Recycle" urea synthesis process is characterized by three basic improve- 

ments attained over the conventional urea synthesis processes: 

1) R» ¿uction in plane  investment cost. 

2) Reduction in utility consumption. 

3) Increase in process and mechanical reliability of the plant. 

The reduction in plant  investment cost i-3 attained in the H.H. Urea Process by 

improving the efficiency and the conversion in the urea synthesis reaotor.    As a conse- 

quence the amount of the carbamate recycle and the size of the eçpiipment handling the 

carbamate recycle are drastically reduced. 

i 

i 

The reduction in utility consumption is attained by internally recovering the heat 

of reaction of NH, and CO^ to oarbamate.     In conventional urea synthesis processes suoli ; 

heat of reaction is irreversibly rejected to the cooling water, wheroas in the H.R. urs* 

process the heat of reaction of NH. and CO- to #arbamate is transfered to the reaotor 

1/     The views and opinions expressed in this paper are those of authors 
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feed streams.     Consequently the urea synthesis reactor becomes strongly exothermic,  in 

contrast  to  the adiabatic reactor of a  conventional   urea process.     In the H.a.  urea 

process the excess heat  added to the reactor is removed from it by the conventional 

method of producing steam  in the reactor coil.     In the H.R. urea process such steam 

is produced àt  a pressure  level sufficient  to be utilized to decompose the carbamate 

contained in the reactor  effluent to NH}  ari CO,, gas,  which ii separated from the urea 

product  solution.    About  85/¿ of the heat  released by reacting the NH3 and C02 gas in 

the recovery and absorption section is recovered in exchange with the reactor feed 

streams and recycled to the reactor.     The exothermic reactor  medium pressure steam is 

produced in a sufficient  amount to supply about 55'/° of ^e steam required in the 

cabamate decomposition stage. 

The process and the mechanical reliability of the plant  is attained by simplifying 

the process and the equipment design.    . 

The proceas stability is attained by controlling the synthesis loop particularly 

with respect  to carbamate recycle solution concentration,  thus completely eliminating 

the possibility of solution crystallization and consequent mechanical failure of the 

equipment.     The process stabilization of the urea synthesis loop is attained in the 

H.R. urea process by a novel method of reducing the content of water vapour in the 

—#H   and CO    gas produced  in the carbamate decomposers and of maintaining it within 

a predetermined range.     Such water vapour content  in the carbamate decomposer gas is 

in turn automatically controlled by a newly developed continuous concentration analyz- 

er,  installed on the carbamate recycle solution reactor feed line containing the solu- 

tion obtained from condensation of the carbamate decomposer NH^ and CO,, gas. 

The solution concentration analyzer  is directly calibrated in terras of crystalliza- 

tion temperature of the carbamate recycle rolution,  thus facilitating the task of the 

urea plant operator. 

The equipment design is,   in general, simplified in design and mainly reduced to 

simple and conventional  type shell and tube heat exchangers.    A very limited amount of 

equipment with moving or rotating parts  is used in addition to the high pressure pumps 

for liquide NIL and carbamate solution,   and the C02 gas compressor. 
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1   - GEBESAL 

The ur«n marketing conditi•*  troughcut  i-î.c world hav* been 

growing 5tiernasiaply contpetlUve dur ta« the past »evcnl yearn, 

nod "ofwcquetitly the ure,. producer»'  di-nanda on the- urca technology 

for M reductio»  in „re«  p t.; duct Un cone have ¡>«*n becoming etronger. 

Afl a rfcwult,  the new  iraprnve4ws»tP have  been Aimed at   one or nwre 

of the main  factors affecting tn- uree productif toat ï reduction 

>.n plant  Invi.«tirent rost,   reduction  in utility consumption,   i«>prov4n«nt 

in procesa ratability .-ïI:J plant, reliability 

It bepaw«? evincer   tiìat e »übe» antimi, reduction ir plant. 

inve*t»eot COM   and in to il icy coaauanticn could bo attained by 

increasing the  efficiency aria  ti-.e couver*ion per paa«  In the urea 

syncheai*  ewcto. .  and by  rec^-nng the heat of formation of ammonium 

carbamate irons ge^oua Nfi > ,;„?. co?.. At :ncr«asad factor efficiency 

the higheat pc.-s.hle <onver«lon pc-r pa«»  in ctu reactor  la attained 

at  a given «nwre-nl«   to circo« dioxide feed «ol  ratio and «t given 

reactor opi-rating prensare and temperature condition. At higher 

reactor conversion pf-r PHAS ihe equipment handling the recycled 

NK3 and C02  U  drastically reduced in ai»c  «ad ia addition the 

energy required to recover  the  unconverted  reactant« ITO3 «nd C02 

fro« tnt urea  auiution product  is reduced,   ßy internally recovering 

the heat of reaction of carbonata formation the heat  input  into the 

battery  limit« urea plant and the cooling water conausiptlon are 

proportionally decreased. 

Furthermore,  by adopting     Long and well  proven conventional 

proceea condition» and equipment with baaic  itaprovetuenta in design 

and in method ot procea«  control,  the plant  on ttrtao, period ia 

extended considerably, well beyond the uaually attained period of 

320-330 daya pen  year. 

The "Heat Recycle Urea Proceae" is the rcautt ot  the 

combination, of practically all of the above mentioned improvewenta. 
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2  - PROCESS PESrRjmON 

The "Heat recycle" procesa  is a  liquid carbaisate recycle urea 

process with axceea Ì3H-. gas recovery at th« standard 15-25 ATM. 

level of first  sïige carb&ra*te decompoeitien,  rollowed by a loir 

pressure urea  produce solution degassing and NH~   - GO* recovery 

»cage. 

The degassed 76 vr Z uree product, aqueous solution la 

concentrated to shout 45 wt Ï solution,  to be further procetaad 

in either a crystal melting system or an evaporator system to 

produce pure molten urea which is api ay-cooled into aolld uraa 

prills, 

Uraa reactor 

ThH urea synthesis reactor operates fit a temperature of 

190 'C and at a pressure of 225 atmospheres, at an ovara11 UH» 

to CO- molar ratio o£ about h,2 to on« and at a H.O to CO   molar 

ratio of about 0,6  to one.   The overall converaion per pass of total 

CO« to urrà is about  '11 %.  Atinospheric air la compressed to raactor 

presaure, mlitad with the  liquid KH3 reactor faed stream and 

introduced into the urea synthesis raactor for che purpoae of 

paaslvatlng the 316 L SS reactor linar and completely eliminating 

corrosion of the high pressure equipment in contact with tha uraa 

synthea Is mixture.  The «mount of reactor air  faed is maintained at 

a relatively low value, equivalent to about 0,7  part« of CO- par 

1,000 parts of fresh gaseous C0_ make up to reactor,  for tha 

•pacific purpose r>f eliminating tha ill effects of the presence of 

an excessive «mount of inert» and oxygen in the uraa synthesis raactor, 

An excessive amountof inerta is detrimental  to the convara ion, and an 

excessive amount of oxygen is detrimental to the product quality due 

to tha impurities which can form in the presene« of exceas   0«  in the 

reactor mixture. This fact is especially important in tha production 

of technical grada urea containing 0,5 - 0,6 wt X by-product biuret, 

obtained by direct evaporation of the 75 wt % aqueoua uraa product 

solution and by prilling the pure urea melt thus obtained. 
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It t» well known to the urea operator fro» practical experience 

thar the performance of the urea plant depend» upon the performance of 

thf  reactor : at lew conversion the carbamate load on the décomposer» 

and abBorb«ra increase* as along with the plant utility consumption ; 

at relatively high NH3 to C02 reactor feed mol ratio the reactor conversion 

can be increased up to a certain level, but uiually at the expena* of 

ovar loading the équipaient with excels ammonia gas and increasing the 

-áifHTKinia louses '. 

- Thé relationship« between the NH, au-' H-^O to C02 reactor feed moi 

ratio» ¿nd th* conversion cf C02 to urea at a certain pressure and 

teinpcïtfturt is expressed by the equation for the equilibrium constant 

"K" ¿&  dafincd by Prejacque* : 

~.  x ( b * x) (1 + a » b - x)        ,. v 
•f¿.  »,'1«« 11 i«««. • • •••••  iiii.nl, «il» m w  'IH» I  I  II • \hi 

(t - x) (a - 2x)2 

wfaer* ; a * NH3. to COj,reactor feed mol ratio 

b "• H¿0 t« G02 reactor feed mol ratio 

x » frectiòn of C(>2 concerted to urea, in reactor effluent. 

According to formule (A) excess MH3 Increases the conversion x end 

exceee H^O decreases it. 

Nomogrsph ^fk T here attached, originally calculated and designed 

by I. MAVJtOVIC in 196:? 1» a mathematically exact presentation of the 

above equation (A). 

T&e original Fr«jacquea deterreinatione of the values for MK" In 

relation to temperature Is directly correlated on the nomographsdfr I 

with the left hand temperature scale n* 1 and the W  scale n* 3. 

With the aid of the graph, It is possible to determine the 

equilibrium conversion "x" for given NH3 end H,0 to C02 feed mei 

rsv.ios and for a given operating temperature. 

t Hot« ; Published in "Hydrocmrbc* Proceed In»H Feb. 66. 

•ÜB 
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Por so«* time it va» thought t\ut  the valuti fot tat equilibrium 

constant "K" In relation co temperature determined by Frejacque« In hie 

experiment» ma  consequently the value» for the conversion "x" truly 

represent ultímete fqui'.ibrLus» values. 

MàVtOVïC, hovevfr, not long ago proved in practica that continuous 

reactor», Signed according to apecific and characteristic criteria, 

yield better resuit* than those obtained fro» graph ih  I. The results 

of theae findings were recently published in the April 1971 edition of 

Hydrocarbon processing. In the revised nomograph ih  2 reported in this 

publication the left, hand température acale nM was revised. 

By taking the actual field data for the NH3 to C02 «o1 *»tlo - *, 

for the H2O to C0? a»i ratio - b and conversion - x, *od by inaerting 

thea« empirically obtair.ed values in the right hand side of the «btw« 

mentioned equation (A), a certain value "K" is calculated. By correUttng 

these newly obtained "K" valu« with the operating temperatures in the 

reactor, MÀVHOV1C found that the above 'TtM values back calculated fro« 

actual ftets date were relatively higher than those determined by Frejacquee 

and reported on nomograph #» t. 

On the** bases nomograph ih  2 v^a prepared and HAVtOVIC's finding» 

incorporated in the revised temperature scale nal on the left hand tide 

of the nomograph. This revised temperature scale directly correlate« th« 

empirical values for "KH actually obtained from field d*t« aswl the reactor 

opetiting temperature. Such empirical value» for "KM are called 

"efficiency* values for convenience. 

In order to illustrate what vaa aaid above, « practical axeeaple is 

«¿ven as follows : according to nomogram* ih  I boeed on the» HKM valuta 

determined by FreJacques, for the reactor temp«*»*«« of 190 *C e "K* 

velue of 1.45 is determined. At thia "R" value, at an RH3 to CO* foéd 

mol ratio of 4.5 to one .wul at a H2O to CO2 f*«d awl ratio of 0.35 to on« 

it is possible to attain a maximum conversion of 72 I, 



On tha contrary,  HAVlu'T    aro/*,   *r     **<.*,*.<*  t*di   *  r>*tt«i  rrapatlf 

daaigfiad,   opairatlnp, «t   tH«  t«w  tMfcrati'i  of   190  *C,   /UU§  •  iM>#tn« 

of 72 % «v  « r«1at!vfl>   awch  Uwar HHj  u.- C02 aw  *r f«tto «f A Q ta aaa 

and a  r«latlv*lv  biffar  HjO  tr C"^  aw^ar  rat."» f.f  C,     ' «  <w*a    Tim  wa#% 

calculate valv¿<*  toe   '«'*,  ar '*«firi#»cvH   »»  éaftnad al»«v«.   i*   ral» teaa 

in «quai   co  2.1&,   r.oMptrad   tn th*»   Hí"  v«U«  «f   1.4» ariajtaally   pt»aH«t»4 

on  th*  b«i«i«  of  »rr,aequ*a  d*c*tm< n*t< or» f>#ff !->«•# M   J«  fc«t<>  awt#eî **«•• 

It   1*  a  *ell   l»n< vu  fact   rhai   in  contention»!     arfcaaara   racy«-la 

procaasea  *  "or.v* raion  ot   %4  - f»3  % ma'»ad  > f   ?2  % i*  uanallf   attaiaaa' 

In practice  «r  «r  NH^  Co COj mol   latlo nf 4.0  tu ,mi ana   • itjG  «,a 0>i 

atol  ratio oí 0,5  to on«. 

It  la alao w*li  «nowr»   that  tt  would &#  pt*  ticallv   yap»a»iala ta 

attain tha  coaiKinailon of an MHj  to Coi »o1   rail« «f 4.*  to a*«  a*d 

a H2O tû CO2 ttol  raMo of 0.32 to or •  in a caKtvaiuiotial   tottl   ra«T*.ia «»»a 

plant.  Sach a talattvaly  larg* aaaou*'   of antaaa aaa»Ofiia  wawld tawaa taa 

«uch water vapor   to ba »tripped  tcom tha ui*a  prnaw t  •« latían,   vita taa) 

consequent* of obtaining a  toe dilute  caibamat*  r«ey< 1#   «a I at la« rawtta« 

faad.  Normally the ultlaata  ll;0 to CO; >»ol   ratto at »qutHariMai ia a 

e< nvantiona1  ura« aynfhaai»  arocaa» operated  *t   1  4 9 t-i mkê »Hj ta 00¿ 

•olar  tati o la In  t. Ha  i»n§e  oí o.f      O.t tu oa>a. 

7or  tha raaaors a^platnad afv^va  tha adventa§aa ef tha 1,1.  ara« 

procaaa ara obvioti«. Koreovac, a»  it »i.11 a*  vanlalned  fwftiíaf haie«, 

tha carbamate decoerpoeer» ana aaeoclêt*d #«,a*r«Mnt ara ex wide* with a 

•oval  detlgn which alleva tita uaa uf relatively high WHj ta CI»] acta* 

ratloa in tha uraa ay n tha al a rear tor aad cen»ee«ee)tiy a relatively htffcwf 

conversion,  without tha drawback  o(  tha water   ewild up ia tha a«rfc*MMa 

recycle »olation, «entlonad tofore. 

Tha cc«*lae4 «fferta aí aa lucreaee la reecter "alt Iti way* a»4 

coaveralrm haya tha e*vLeu*   effect  ut d«treeeint tha aaaataat e-i* tha 

unconverted carhamate ta ha d#cei*f«aed par pe»»,  amé tama af «aaraa»lag 

tha utility eonaaaapttoa of tha  >rea plapt and Jí raé»ai«t   th'   aiae *f tha 

aquipaant hardlia§ tha carhawata cacarla. 



t&t   lAi'wri M ««lattai alaat    originally éaalgntd «»4 eaaatrvcta4 

M    «* aaait ©f  a ê5 * e#*H»arti«ii aar »ttt, araetiea«! atout 50 l «er« »rat 

at 71 t ~40**êt§tm év te  t*# fia  that  iK# specIfU  eteaa c«newaa*l«t 

««4  i«tt   1»«i  »f   i    i 1 rattvrrtlon  arc« tyncaetlt  ir  p it ee^ulvaleat  to 

tk><#«t • ? t ef  eh« if^clfl     h«»t  Ue4 of t h% X convertie* urta »y* t aaait 

i«»e    Of  ro-r»e tlk* lacréate in eroéuctlon «rill aafjeally  reaulre e441tl«Ml 

• la« 14 IHI| aueping < tat* i ty ee4  e4áltl©«ai COj gat coopret«i«m capacity. 

A£varying  te  recent  dtv»ìrfw«ntt  tuca  t441tlenal  CO2 gat  ce»p*«atlea 

r.epccUy  it *t't   reealtid. 

Heat  ftcgvto - §ae «*•«*** tlaw a lagt M fig, **1 

TIM i«njn*ert»a «MM«!«! cêihmmf mè eaieet teteeala CMMIMí la 

tli*  reectet    rflMnt tre  e«e«rtttc  fro« tlM ut*i »re4u«t MUHM to te* 

veil kaMH «*tft»4 ©f »aetiag «*•  t«**t«r •#flutet  te 

reé«fe4  erteewf«,  <i*rmowing Mtenl* itrataMte to WI3 ait4 00] §M» 

vee*rl»Leg r»*  escett *m ««4 teeerating the M3 - COj gee «¿start Ira» 

%h*  4egatt#t   jvtt ereéart   enlutie*. 

0i>* of  iKe »ott tete»*«»! -  ute4 «etlie4t of fflj »«4 COj gae recawery en4 

teeti: itati»«  • *n,»i«it «f cwlU| tac §«t alatore,  teaceiag RHj tué 09| 

tr>  fer« ctr»««*t#,  ¿itaelvtag car acetate «»4 eatr  ef  the eaeeat aaawaia la 

water  tua «tete-lng tee itMwt «Mat* i «cai  talliti«* «f tetta« lue> eêreamata 

ta»* eltain«4  »a«« lata tat 1 atetar far rtcevery.  it la eeaaaaa atectia« 

in teavewttmtal  ara« er»ce«aet ta carry tact» 4eeaeje*>e«f |ai caaéaatatlam 

ia iaJtraat heat eacacege vita «.aal lug wat at ea4 to IrtrvaTtlaly al tal «at« 

• H  ito Wat «f  reactle* iat* te« eeellng «ata« aya«a«. 

0« ta« .;•*«» ery,  la  ta« f.1.  «««a 1**9** ewca éaaaaaaaaar gat 

tat la» it carrito <m»t la  iMutrt  bmmt tttfcewf «itti taa rea* ter fec4 

atraca»  ;   tW retraite reryele »alatiaa ca4 tac Hf«ié aaaaaaia Iaa4 

ere »retate* a* ta ata** III *C fvtat ta iattaáwaita» tat« te* wraa ayathatli 

re«**«*f. 



It 1« normal  ptactU* in th« conv«ntioo«l partial or  total recycle 

urc« proco«««« to pr«h««t eh« liquid NH3 reactor feed to 50 - 70 *C for 

th« purp©»* of wainratnlng th« realtor temperature at  ehe operating tempe* 

»«tur« level of 180 -  190 'C.  Invariably «neh ieactor* In  conventional 

ur«« procesaet ar* operittd adlabatlciily,  that «*aae that  the enothermic 

Wet of reaction of  SK¿ and C02 to c«rb«mat* i* utilised  IT> ch« r««ctor 

to bring th« reaction mixture to th« opeteting imperituri.  No «xc«a« 

heat ia removed from such «diabetic reactora. 

On th« contrary.   In th« H.A.  pro«*«*« low level «txceaa heat ia recycled 

back to th« reattor via tho reactor  £«ed atr*awa. Moraaily  th« reactor in 

the H.H.   procea* would operate adiabatically at  190 *C by aiaintdininf th« 

carbamate  recycle «oluticm reactor  feed a erea» at about  85 "C «nd th« 

liquid aaaaonia reactor  fei?d atre«« at about  50 aC. Due to the fact that 

exeat a heat  if transferrf-d  to both  etreaais inatead,  and  that they ara 

preheated to about  U2 *Cyall  th* exceaa heat  addad to th> carbaaiat« 

•olutlon above 83 °C and added tn the  liquid «aaaonia feed  atreati abova 50 'C 

«uet be obvioualy r amo v«<J from the reactor if one viehee  to maintain Ita 

oporatlag temperature at  th* aea«  level of 190 *C. 

Tht« ««cea» h«at ti removed fro» the axotbemlc reactor in the H.l. 

proceaa by    awtho ta    uaad    to rénove    exeaae    h«at frota 

th« «o-catUd "once through" exe Chemie reactora operating 00 gaatov« CO2 

«nd liquid XHj reactor feed atreaaia alone, with co iiqui«' carbaaute 

••luti«« recycle. 

ty a »lapl« i-prov «merit in the datigli of th« heat removed ayeCe» fto» 

th« r«*ctor,  it la poaaible io th« H.l. proceaa to «conowioally product 

«tea« at a preeavr* levai euffieleotly high to utili** auch attira in th« 

carbaaat« ¿«coajpoaer. 

ty thia •ethod, about 55 * of tb« beat required to d«coapoe« carbamate 

U th« 30 - 25 kg/we2 prceaur« Uval dacaapoMV la auppllad by the ate eat 

prod*c«d In th« reactor and «bout 45 I leaa cooling »atar i« raquitad 

within tu« «rea «yittfeeal« eqftio« du« to the above samtloned lact that 

le«a ha«t of MI3 and CCj r «act i en to carbamate la rajactod to the eooliag 

«•tar «yotam. 



•^^^ •   *\ 

mi+m 

At It vili be explained belo*, further heat economlei are attained 

by condenting eke firat decoapoeer gat In Indirect beat exchange with 

condensate to produce lev praaaura sttee, which it utad to dagta th« 

uv«t product solution in the aecoad decomposer and in the »tmospberic 

concentrate«. 

Furthermore, there la «till a sufficient eenount of heat of reaction 

available In the first decoatpoe** gag ifter the production of atea« and 

reactor feed ntreaeva preheating,  to concentrate under vacuum the  73 wtX 

urea product aolutlon by Indirect heat «xchange. 

>**• *frì „-vi   c •?*'; Èaîfiê^* 
Saà-^-t--- -• •-* •&.*' 



«41» 

Decomposition»  absorption and wats r balance 

As ic was mentioned before, the reactor effluent contain« thf 

amount of urea form*«! from the *tctchlonetrlc amount of fresh CÖ2 

gas make up fed to th« recetor» the stoichiometric amount of watar 

formas*- from the resction of carbamate to urea, the amount of watar 

and carbamate recycled into the reactor with the carbamate recycle 

notation and excès« alimonia, 

The major pert of  the reactor effluent  is let down in pressure 

to about 24 kg/cm2  and atea» heated to about  158  °C. in a forced feed 

vertical decomposer of a novel  design, operating at a relatively 

high velocity of  the procesa  liquid through the heat exchanger 

tube«, for the purpose o£  suppressing  the formation of ondaiirable 

by product biuret.  Carbaa»ate 1*   decomposed  to NH3 and C02 gaa and 

excess ammonia is  vaporited.  The resulting fas mixture,  however, 

contains 14-1.6 mol 1 of water vapor due to  th« fact that the gaseous 

phase  is In equilibrium with the hot. urea  solution separated from 

the mixture.  Such  a decomposer gas with a  relatively high water 

vapor content is not suitable  lot direct condensitton to a liquid 

phase because the  excess water would be detrimental to the reactor 

conversion. 

For this reason in the H.H. process the first decomposer gas 

separator Is provided with a tra/ section,   In whlc'. the  relatively 

hotter decomposer  gas is counter-currently  contactad with a relatively 

colder stream of area solution.  Such a stream of urea la obtained by 

withdrawing a minor part of the reactor effluent strusm, cooling 

U to about 120 "C  by adlabatic flashing at about 24 kg/c*2 pressure 

snd by feeding such flash-cooled solution out th« separator trays. 

In the counter-current contact the decomposer gas is cooled to 

about 125 *C and mors than 50 X of the watar vapor contained in the 

decomposer gas Is condensed to liquid and sUxad with the downcomlng 

urea ao lut ion, Such urea solution is heated up by the condensing 

water vapor, partially degaiaed and mixed with th« nain stream of urea 

product solution degassed in the decomposer. 

• •/ • • 
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The resulting liquid phase contain« all the urea formed in the 

reactor,  all the s to Ich ione trie amount of water,  th« major part of 

th« axcaas water recycled to the reactor in th« carbamate racycla 

solution and »on« residual ammonium carbamate and excess «tnmonla. 

For total deg<t«sing the urea product solution is further let 

dovn In pressura to about 3 kg/c«2 and steam heated at about 113 mC 

in the second decompoeer to decompose the residual carbamate and to 
vaporise the residual  excess  ammonia. 

The second carbaaiate decomposer system is  of analogous mechanical 

and procesa design to the «bove deecribed first dacompoaar syste* 

with respect to control of water vapor content in the decomposer gaa. 

The ¿«gassed urea product solution is finally let down to 

about 112 «C. All tho residual «xcese water la evaporated from the 

urea solution, ao that the stream leaving the ayate« contai« all ehe 

urea formed in the reactor and only the stoichiometric amount of process 

water formed in the reactor, and the «mall «»ount of water eventually 

«dded to the urea synthesis loop from an external source. For this 

reason such urea product solution uaually ha« a concentration of 
about 75-76 wt %. 

The gaseou«  phase  from the atmospheric concentrator is water cooled 

and condenaad to a liquid phase in the third condenser at about 3« «C, 

snd the reaulting solution pumped into th« second condenser operating' 

•t about 3 kg/c«2. The gaseous phaae from the second decompoeer la 

water cooled and condensed to liquid in the sacond condensar at about 

40 -C. The reaulting solution is pompad into the first absorber, ae  it 
will be explained further below. 

The gaseous phase fro» the first decomposer separator i. flrit 

Indirectly cooled with condensate to produca low pret.ure steam, 

vhlch is ueed in the second and in the third dacompoaar«. 

The first decompoaer gaa partially condeneee to liquid and the 

reaulting mixture of gaa .nd liquid is further cooled in indirect 

heat exchange with the liquid ttU and the carbamate racytla eolutio« 
reactor feed streams. 

• • / » • 
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Ihm mixture oí  the rewítíual  fírft  Jccorpo*or gas »till containing 

about   15 % of   the original CO? gas, and the liquid phase  formed by 

cooling  is further veter cooled in the carbamate condenser at 85  °C 

to bring to completi• the reaction of CU2 gas with NH3 to  form 
carbamate. 

The stream of solution f«rw Che second condensée, mentlonned above- 

It distributed between ih»  thre«  heat exchangers, heating liquid NH3, 

the carSaiaatc  rei-ycie  solution and cooling water respectively,   for 

proper   temperatura control. 

The  impure unenndeneod excise «itmonia   issuing   from the carbamate 

condenser Is  rectified in a convent lone 1  Cray column in which it   it 

counter current J. y iMshed by a part of the second condenser solution 

first and then by u  stream of pur« liquid NH3 reflux.  The purified 

gaseous  enees* ammonia  1»   liquefied in s water cooled condenser 

preheated as explained above and  recycled to the reactor. 

The  liquid phase formed In the carbamate condenser described above 

contains  all  che water and the carbamate respectively evaporated and 

decomposed in  the first,  second and third decomposer, and some excess 

«nasoni*    This  solution is  preheated in indirect heat exchange with Jhs, 

first   Ok. oeposer gas  es described above and recycled to the reactor, 

thus crowing  th* urea syntheais  loop. 

At process equilibrium Lht amount of carbamac* contained in chs 

carbarn«t« recycle solution ir. ¿quai to  the amount of carbaniete in the 

reactor effluent  (with sonane allowance for losses of carbamate via 

the 7 5-J6 wt X urea  product solution) and the amount  of water present 

in the carbamate recycle solución 1« equel to the difference between 

the total amount of ^«ter present in the reactor effluent and the 

stoichiometric araount of process water f o need In the reactor by 

dehydration of carbamate to urea, subsequently discharged fro» the 

ures synthesis loop vis the 75-76 wt X uree solution product, as 

described before. 
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practically speaking,   it can be assumed that at process 

ec.uliibrium Î00 X of  the fresh C02 «a. •.ke uP reactor reed «Cream 

l« convertati into the stoichiometric amount of urea and process 

water, and that, the «mount o£ carbamate contained in  the carbamate 

recycle solution reactor teed stream passes unchanged through the 

urea synthesis  reactor,  1*  than d»coapo*«<f to MB .nd C02 g«s, recovered 
end recycled back to  the reactor. 

For practical purpose.«   it c«n be aleo assumed that the amount of 

water contained in the carbiunate recycle aolutlon ia mixed with che 

process water formed  in the reactor, separated from such procesa water 

by evaporation in the decomposer«,  recondenssd in the condensers and 
recycled to the reattor. 

For the reeso* ' exposed above,  the  unconverted ammonium carbamate 

and the water recycled to  the rse,tor arc the  basic and important 

constituents of th« urea aynthe»!«  loor*. At process equilibrium 

their ratio is constant .iud ¿«pending upon the operating presaure and 

center«tur« condition«  it the carbamate  condenser their ratio assumes 
definite vaLues. 

Such operating values are mainly dictated by the solubility and 

•alting-out temperatura of ammonium carbamate. An uncontrolled return 

of v*ter  to the cart«««te condenser cau»*e « variation in cry.tallisation 

point of the carbamate recycle solution.   The resulting synthesis  loop 

Instability and potential source* of mechanical problems due to 

carbamate crystallisation are. obvious. 

Viceversa,   the advantages of maintaining the return of water tr the 

condenser and thus the HjO to carbamate ratio constant, are also 

Obvious   r   the possibility of crystallizing the carbamate recycle 

«olutioa is eliminst.d, a.nrf the urea synthesis  loop is firmly maintained 
In constant equilibrium. 

Various method*  are presently used to detect the variations  in H20 

to carbamate ratio in the carbamate recycle solution,  tte most common!, 

used method is the direct chemical analysis of the solution. The 

drawback of this method is the fact that «uch ansly.i.  is tediou. and 

tirn« consuming, and Its results are available only several hours fro» 

the time of .«.piing  :    in the meanti».   the urea plant operator 

« • / » • 
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h«« no available information on ch« relative tr«nd of che H2O to cárta- 
ma t* ratio valúen. 

Other methods of using continuous analyiters operating on tha baait 

of the measm anient of one of th« varioua phyaical properties of ch« 

carbamate recycle solution' as  i»r instance viscosity, density or sound 

conductivity and relating those properties to the concentration usually 

prove to be relatively inaccurate and subject to mechanical problem«. 

Mavrovic Succeeded ix> developing a novel method of a direct 

continuous and very accurete determination of the crystallisation point 

of the carbamate recycle solution by mean« of a simple and  conventional 

apparatus.  The scale of such measuring apparatus is directly calibrated 

in temperature degrees, correlated with the crystallisation point of 

the <arbAw*t*s recycle solution. The repeatability and the sensivity» 

for a variation of carbamate content in eolation, expressed in terms of 

equivalent CC>2,  frota 32.0 wt % to 32.5 wt X of <X>2 Is visibly ra» 1*tared 

on the instrument temperature seal«, with a relative error or deviation 
of 0.5-1  »C. 

The continuous cryata1lia«tIon point measuring device is installed 

on the carbamate recycle Polution reactor feed Un« and is set to 

automatically regulate the amount of water vapor returned to th« 

carbamate condenser. 

Tlii» proved in practice "to be the most valuable aid to the urea 

plant operator  in maintaining th« urea plant on stream and under saf« 

operating conditions for extended periods of time. Emergency shut 

downs and consequent raw material and product losses are practically 

éliminât*.-*, «s well as the uaual mechanical problems with the high 

pressure carbamate recycle pumps. 
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4 - RESULTS 

The estulta of incorporating all the «bov« mentionel  improvement« 

and fa«tur«« ¿n the design of th« H.R. urea ayntheala proceas are 

quite remarkable, A table is giveti below for illustration. 

Technip - Mavrovlc H.R.  urea Proceas 

Industrial faults 

Raw material and utility consumption per »«trie ton of prilled 
urea produced  : 

Ammonia, T/T 

C02, t/T 

Steam -11 absolute bars- T/T 

Electric power kWh/KT 

Cooling water 

(U -C       T) m3/MT 

0.3e 

0.75 

0.S0 

133 • 

42 

JfaÉÎ 

According to recent process  improvements and deve lo pawn t s eh« 

electric power consumption la reduced to 90 kWh/Metrie Ton. 

1. Patent 0.8#P. 3,579,636 U fcrroric 1971   àWt Boero le frécese 

2. Patent O.S.?. 3,574,738 I. ferrovie I97I   02 Introduction to 

Prevent Corróalos) 

MMUM 





•* 
«.18- 

EQUILIBRIUM   UREA   YIELD 

SCALE N*1 
TEMPERATURES 

•140 
-150 

160 

-170 

-180 

SCALE N*3 
EQUILIBRIUM 

CONSTANT 
K 

<§0 

-200 

-210 

•«20 

*3Q 

«50 
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*\     P 
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01 

SCALE W2 ° 
HoO 
7~- FEED MÛL n* 
C0* RATIO k   05* 

SCALE NU 
% CONVERSION 

NOHOWUPH   I 

Iff  MAVAtVIC 

—Mi W TiilH  

•v •«MM 
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EQUILIBRIUM   UREA   YIELD 

CALE N*1 

EMPERATURE#C 
t 

160 

-170 R£ TERENCE 
POINT 

H80 ^ 

SCALE N*3 
EQUILIBRIUM 

CONSTANT 

•*• 

15 

-Í90 
/ 

y 

-200 
SCàLI W2 

HoO 
^f- FEEO MOL 
°°2     RATIO 

SCALE NU 
Y.CONVERSION 
XilOO A*-/* 

REFERENCE CURVES 

ÄA    FIIOMOl 
C02      RATIO 

NOPtO tft APH t 

ivi MâtMVtC 
€•••«1 f I • • |ii»|jj| 

IQUILWItUM   0ONVEÌMM 

Or CM10N MMIM T* mu, 
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