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SUMMARY

TECHNIP MAVROVIC FEAT RECYCLE UREA PROCESSY ¢
by

I. Mavrovic ’
M. Bergonzo J
Institut Frangais du Pétrole - TECHNIP T
Rueil Malmaison . France 1
The "Heat Recycle" urea synthesis process is characterized by three basic improv&-i ,

ments attained over the conventional urea synthesis processes:

1) R iuction in plarni investment cost.
2) Reduction in utility consumption. .

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

The reducticn in plant investmen® cost i3 attained in the 4.R. Urea Process by
improving the efficiency and the conversion in the urea synthesis reactor. .8 a conse-
quence the amount of the carbamate recycle and the size of the equipment handling the

carbamate recycle are drastically reduced.

The reduction in utility consumption is attained by internally recovering the heat
of reaction of NI—I3 and 002 to carbamate. In conventional urea synthesis processes such :
heat of reaction is irreversibly rejected to the cooling weter, whercas in the H.R. ures

process the heat of reaction of NHB and 002 to esarbamate is transfered to the reactor -

1/ The viewe and opinions expressed in this paper are those of authors g
and do not necessarily reflect the views of the secretariat of UNIDO.
This document has been reprodueed without formal editing.

14.71-6691




—D-

feed streams. Consequently the urea synthesis reactor becomes stirongly exothermic, in
contrast to the adiabatic reactor of a conventional urca prociss. In the H.R. urea
process the evcess hecat added to the reactor 1is removed from it by the conventional
method of producing steam in the reactor co1l, In the H.R. urea process such steam

is produced at a pressure level sufficient to be utilized to decompose the carbamate
contained in the rc¢actor effluent to NH3 arl 002 gas, which i3 separated from the urea
product solution., About 854 of the heat released by reacting the NH3 and 002 gas in
the recovery and absorption section is recovered in exchange with the reactor feed
streams and recyclad to the reactor. The exothermic reactor medium pressure steam is
produced in a sufficient amount to supply about 554 of the steam required in the

cabamate decomposition stage.

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

the process and the equipment design.

The process 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

-Qﬂ-{} and (,02 gas produced iu thc carbamate decomposers and of mainteining it within
a predetermined rangc. Such water vapour content in the carbamatc decomposer gas is
in turn automatically controlled by a newly developed continuous concentration analyz-
er, installed on the carbamate recycle golution reactor feed line containing the solu-

tion obtained from condensation of the carbamate decomposer NH3 and 002 gas.

The solution concentration analyzer is directly calibrated in terms of crystalliza—fw
ticn temperature of the carbamate recycle solution, thus facilitating the task of the '

urea plant operator.

o The equipment design is, in general, simplified 1n design and mainly reduced to
simple and conventional type shell and tube heat exchangers. £ very limited amount of
equipment with moving or rotating parts is used in addition to the high pressure pumps

for liquide NH3 and carbamate solution, and the 002 gas compressor.
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1 - GENEFAL

The ures marveting conditinons troughout riw world have been
growlng fncreasivgly competitive durtag the past several veatrs,
aad ~onsequently the ure.: producers’ demands on the urcs technoloygy
for a reducticn i{n ureg product lun cost have Seen becoming stronger,

A8 a result, the rew improveaenis have been Aimed a1 one or more
cf the main facrors afficring the ureas productivn voat > reduction
»n plant Lovewtment cose, reduction in otility consumptioo, {mprovement
In process r:ifability sud plant relisbility.

I beeawme evinent chat s subsrantial reduction ir plant
fnvestment cost aud dn owrflicy coasumiiicn could be actained by
increasing the cfilciency and tne cooversion ver pass in the ures
synchesis cexctos, and by reoaysring the heat of formation of aumonium
carbamiate irum gesicous NH3 and C0O2. At :vicreased veactor effictency
the hlghest peusikle canversion per pese Lo Lhe reactor is attained
at & given swmenle to cavhon dioxide feed wol ratio and gt glven
reactox nperatiay pressure and tempersture conditious. At higher
reactor coover®ior per oaks ihe equipment hanlling the recycled
NH3 ond €02 14 drasticaily reduced in size and iiu adaition the
encrgy required to recuver the unconvertead reactants MH3 and CO2
from the urea soluvtion sroduce is reduced, By interually recovering
the heat of reaction of carbrmate formation the heat tnpat iato the
battery linmits uvea plant and the cooling water consumption ave
propo:tionmllyv ducressed,

Furthermore, by adopting long and well praven conventiomal
. process coadiricne and equipment with basic fmprovements in deaign
and in wmethud of process contyol, the plant on streaw period i
extended censidersably, well heyond the usually atteined period of
320-330 days pec year,

The "Heat Recycle Urea Process" is rhe rcault of the

combination of practicelly all of the above mentioncd improvements.




2 ~ PROCESS DESCRIPTION

The "Heat xmoycle” process is s liquid carbamate recycle urea

.. process with oxcess NH, gas vecovery ot the standard 15-25 ATM,

level of first stuge carbamste decompositicn, rollowed by a low
pressure ures produc. solution degalitng and NH3 - C-o2 recovery
stage.

The degaswed 76 wt 7 urce product aqueocus solution is
concentrated to about 45 wt % solution, to be fuvther ptuce;ch
in efther a cryvatal melting aystem or an evapérator syetem to
produce pure wolten urea witich ia spray~cooled.inCo sclid urea
prills,

Urea resctor

The urea synthesis reactor operates at a temperature of
190 °C and at a pressure of 225 atmospheres, at an overall NH3
to 002 molar ratio of sbout 4,2 to one and at a H20 to 002 molar
ratio of abour 0,6 to one, The overall conversion per pass of total
€O, to urea is about 72 %. Atmospheric air 1s compressed to rsactor
pressure, mixed with the liquid NH; reactor feed stream and
introduced Into thr urea synthesis raactor for the purpose of
passivating the 316 L &% redctor iiner and completelyleliminntins
corrosion of the high pressurc equipment in contact with the urea
synthesis mixture, The amount of reactor ajr feed is maintsined at

a relatively low value, equivalent to about 0,7 parts of CO, per

2

., 1,000 parts of fresh zaseous CO, make up to reactor, for the

. specific purpose of eiiminnntngzthe 111 effects oi the presence of

an excessive amount of inerts and oxygen in the urea synthesis reactor,
Aun excessive anopptof inqrts is detrimeutal to the conversion, and an
excessive amount of oxygen is detcimental to the product quality due
to the impurities whlch can form in the presence of excess 0, in the
reactor mixture, This fact is especially igpportant in the production
of technical grada urea containing 0,5 - 0,6 wt % by-product bluret,
obtained hy direct evaporation of the 75 wt % aqueous urea product

solution and by prilling the pure urea melt thus obtained.




) & is well known to the urea operator from practical experience
that the performnnce of the ures plan: depends upon the performunca of
the reactor : at low conversion the carbamate load on the decomposers
and absorbers increascs as along with the plant utility consumption ;
at velatively high NH; to €0, reactor feed mol ratio the reactor conversion
“can he {ncreased up to & cextain level, but usuaily at the expense of
ovarloading the equipment with cxcess ammonia gas and increaaing the
‘ammonia losses

: - The relarjonships between the HH, &' Ha0 to CO2 reactor feed mwol
‘ratLos «4nd the couversion cf CO2 tb urea st a certain pressure and
temprrature is expressed by the equation for the equilibrium constant
"K" ss defined hy Frejacques :

R N x;-(lj a+b - x)
{1 -~ x) (a = 2x)2_

whera a4 = NHj. to O, vesctar feed mol ratio
b = H40 to GU2 reactor feed mol ratio
x = fraction of co, converted to urea, in reactor effluent,
dccording to formule (A) excess NHy increases the conversion x and
exceas Had dccrnnsas

. . Nomograph jﬁF 1 he:r attached, origin&lly calculated sod dnllsncd
by 1. MAVROVIC in 196: is a mathematically exact presentation of the

abnvc equation (A).

The original Frejacaues det-rminar1uns of the values for "K" {u
relation to Lemperature L{# directly correlated on the nomognph# 1
vith the left hand tempersture scale n® 1 and the "K" scale n® 3.

" With the aid of :“'tié' gm'ph {t is possible to determine the
'rquilihrtum converaion "x” for given NR3 and H,0 to CO2 feed mol

2
rlxion und ior a given opernting tcmperaturc

& Mote : Published {n "Hydrocarboa Proceesing™ Ped, 66.




For some time it waes thought tiuut the values for tae equilibrium
constant "K' in relation o temperatuxe determined by Frejacques in hie
experiments and consequently the values {or the conversion "x'" truly

rapresent ultimate equilibrium values.

MAVROVIC. however, not long ego proved in prectice that continuocus
reactors, designed sccording to specific and characteristic criteria,
yield bevter resuits than those obrained from graph # I. The results
of these fiudings were recently publighed in the April 1971 edition of
Hydrocarbon Proceasing. in the revised nomograph #+ 2 reported in this

publication the left hand lemperature scale n°1 was revised,

By taking the actual field data for the NHy to €Oy mol catio = a,
for the H20 to €Oy mo) ratio < b and coaversion = x, and by inserting
these empirically obtailred vaiues in the right hand side of the abeve.
mentioned equation (A), a certain value "K" is calculsted, By correlating
thesc newly obtalned "K" valueg with the operating tempecstures in the
yeactor, MAVROVIC found that the abov: "E" values back calculaced from
actual flels date were relatively higher than thoze determined by Frejacques
and reported on nowograph ¥« T,

On thege bases nomograph %= 2 was prepared and MAVROVIC's findings
{ncorporated in the revised tempervaiure scale n1°l on the left hand side
of the nomograph., This revised tempexature scale directly correlates the
ewpirical values for "K" actually obtained from field dats snd the teactor
opetating tempevature. Such empirical values for "K" are called

“effictency" values for converience.

In oxder to {1lustrate what was scaid above, a practical exemple 1s
given as follows : according to nowmograph w 1 based on the "K" values

determined by Frejlacques, for the resctor temperature of 190 °C a "x*
value of 1.45 {s determined, At this "K" value, at sn KHy to CO2 feed
mol ratio of 4.3 to one and &t a HyD zo CO; feed mol ratio of 0.35 to one
{t is possible to attain s meximum conversion of 72 .




On the contrary, MAVRLU'[” grnve. ur  ragrfi: Ehat a4 fsocteof propetly
designed, operating ec the samc temperetie ot (%90 °C, sields ¢ convergion
of 72 % at & relativel, wuch lower Wiy ¢ CD4 @ o7 ratin of & Q Lo one
end a relatively hignar Ha0 to Cioy, molar rat,n of G, ‘e me The baek
calculsted value toc "X", or 'etfiriencv” ss def.ned above. ir this toee
{n aquel to 2,18, compared £ the K" valua Af 1 &7 ariginally predicted

on the bueis of Frejacques Jeterminstions perfoimed m betch gutec)ves

1t in 8 well buowvn fact that 1rn conventinnal carbgmate recycle
prucesses a ~.nverglon of %4 - 63 % inetesd ot 72 L (v uenally atteined
in practize a4 en NHy to CO3 mo) 1atio ot 4.0 tu ne end s NP .o Oy
mol retio of 0.5 to ome,

It is also well «nowr thar {t wouid de pra tically Lmpoesibie te
attain the combination of su NHy to COy wu! ratie of 4.% to cme end
a K20 to 002 mol vetio uf G.3l ro nta ln & convencional toial recycle eve@d
planc. 8uch a relatively larg: smount of excess smmontia wenld couse teoo
much water vapor to be stripned £com the utea praduct golution, with the
consequence of ubtaining a too dilute carhamats recy le solvtion redctew
feed, Normally the ultimate (150 to COy mol ratio si equilibrivem ia @
conventiona' ures synthesis process operated ot 1 4.9 ta ens WMy te 00,
molser ratio fe in the Lange oi U.8 - 0.9 tv ome,

7or the teasons e¢vplatned ahove the sdventages of the R.R. wree
process are obvious, Moveover, #s {t will be explained fugtier Pelew,
the cartbamate decomposers and associsted squirment are provided with o
aovel design which sllows che use of relatively high Wiy to ODy weler
ratios in the urea synthesis resctor and :onsequently o reletively Wgherv
conversion, vithout the drawback of the water wwild wp An the carbammte
recycle solution, mentioned defore.

The cowbiaed effects of an increase in rescter "efficionsy” and
comversion have the sbvisus affect uf decressing the amount of the
unconverted carbemate to be decomposed per poss. and thus of Secreseiag
the utility coneumption of the urea plant and 3f redueing th: sise of the
equipment hardling the covbesste ctecycle.




Por ine*ence on existing pleat originally designed amd ceastructed
o8 o~ sasis of 8 65 % conversion per poess, produced shout 30 L more ures
0t 72 L ~umversion due to the fact that the specific steam consumption
md rest 10ad of 8 71 1 comversion ures syncthesie 1l p i equiveleat teo
abuut 67 % of the apecific heat 1ced of & 65 % conversion ures synthesis
laep Of course the Lacresne in production vill nermally require sdditicmal
‘iguld BN; pumping cepar ity snd edditional eoz gas compression capecity.
Aecording Le recent devalopments such additional COp pas compression

repaci’y 18 st required,

Mt tecovery - See precess tlow diagrem Fig, n°l

The wn.mverted smeniva cordemete amd enceos sumenis conteined ia
the teacteor -(fluent ere sepateted from the ures preduct selutiom by the
vell known wethed of heating the reactar efflveat at
reduced pressure, decmyosing smmonium corbamate to NN, snd CDg pes,
vepariziag th= encess NNy ond sepsrating the Mty - COz gos mixture frem
the dogavard urees preduct eolutiom,

One of (he moet commun' ured weiheds of NN,y and CO, pas recovery ond
teuti isation ~ousisis of cneling the gae mintwre, rescting Nily ond 0Dg
te fore cordomate, disselving coarbamate snd patrt of the encess smmeais ia
wvater snd pmping the squeocus somonfocal solution of sumoniun corbamate
thus ehtained baeh iate the 1eacter feor recovery. 1t io common Prectice
in convenrional wree processes te corry sueh decomposcst gae condonsstion
fa indireet oot eschonge with cooling woter ead to irreversidly éestpete
8ll the beat of resctiom ints the coeling veter system.

On the contiory, in the N 0. ures precees such docomposer oo conden-
satism is corvied ¢t in Liaditect boat onchange with the resctor foed
stteame . the cotbamate tecycle selution md the liquid smmenie foed stroame

are prebotted teo cdowt 111 °C prier te introduction iate the wies sputhesis
Tesstor,




It te normal practice in the conventivnal pertia! or total recycle
urea processes to prehest the liquid NRj reactor feed to 50 - 70 *C forx
the purpose of wmainteining the ree_tor temperature at the operating tempe-
vature level of 180 - 190 “C. lnveriably such reactors in couaventional
urea proCeﬁnet sre operated adiabatically, that means that the enothermic
redt of reaction of NEj and COp o carbamate 1a utilizad {n the reactor
to bring the reaction mixture to the opersting tempersture. No excess

heat {8 rémoved [rom such adiabatic resctors,

On ;hé conrrary; {n the H.,R, proceas 166‘1;;01 excesg heat s recycled
beck to the reactor via the reactor feed streuu@. Normaily the reactor in
the H R. process would operate adjabatically at 190 °C by waintaining the
carbsmate recycle solution reactor feed stresm at sbout 85 °C snd the
liquid ammonia reactor feed stresm at about 50 °C. Due to the fact that
excess heat 18 transferred to both streams instead, and that they sre
prehested to about 1'2 °C,all the excess hest sdded to the carbamate
solution ahove 8% °C and added to the iiquid ammonia feed st.cesm above 50 °C
wust be obviously removedfrom the reactor 1f one wishes to meintsin its

operstiag temperature st the ssme level of 190 “C.

This excess haat is removed from the exotharmic reactor in the H.R.
process by methols used to remove excesa heat from
the so-cailad “once through" exothermic reectors operiting on gaseovs 00
and 1iquid NMy reactot feed streams alone, with ro ligquid carbamste
selution recycle.

By a slmple improvement {n the design of the heat removed system from
the reoctor, 1t is possidle iu the R.R, process o economioslly produce
steem st & pressure level sufficiently high to utilize such steam in the
cardbemate decomposer.

By this wethod, about 33 1 of the heat requited to decompose carbamete

in the 20 - 235 kg/vm2 pressurs level decomposer is supplied by the steam
produced in the reactor and sdout 45 % less cooling water is requived
within the ures synthesia section due to the above msnrioned fact that
lese Moot of Ry and (T resction to carbemate is rejected to the cooling
water syYetem,




wile -

As 1t will be explained below, further hest economies are sttained
by condensing the first decomposer ges in indirect heat exchangs with
condensate to produce low pressure steom, which is used to degas the
ures product solution in the secand decompnser and in cthe stwmospberic

. ¢ .
concentraton,

Furthermore, there is still a sufficient smeunt of heat of reaction
aveilable in the first decomposer gos after the production of stesm and
resctor fead streams prehesting, to concentrate under vacuum the 75 wt?

ures product solution by indi{ract heat exchange.
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Decowpoagion, ibloxy_tion and wvatet balance

As it was mentioned before, the resctor «ffluent contains the
amount of urea formed from the sivich{onetric amount of fresh CO2
gas mamke up fed to the recctor, the stoichlometric amount cof watsr
formad- from the resction of carbamate to urea, the amount of water
and carbamate recycled into the reactor with the carbamate recycls

solution and excess ammonia,

The major part of the reactor effluent {s let down in preasure
to about 24 kg/cm2 and steam heacted to about 158 °C in a forced feed
vertical decomposer of a novel design, operating at 4 relatively
high veloctty of the process l1iquid through the heat exchangsr
tubes, for the purpose of suppressing the formstion of undesirable
by product biluret. Carbamate 4@ decomposed to NH3 and CO2 gas and

excess amponia is vaporized, The resultiny gas mixture, howvever,

contairs 14-~16 mol % of water vapor due to the faet that the gaseous
~ phase 15 in equilibrium with the hot urea solution separated from
\ the mixture, Such a decomposer gas witi a8 relatively high water
vapor content is not suitable for direct condensation zo & liquid
phase because the excess water would be detrimental toc the reactor
conversion,

For this reason in the H.R, process the first decomposer gae
separator is provided with a tra- section, 1ia whic! the relatively
hetter decomposer gas is counter-currently contacted with a relatively
colder stream of ureca solutfon. Such a stream of urea is obtained by
withdrawing a minor part of the reaétor effluent straam, coeling
it to about 120 °C by adisbatic flashing at about 24 kg/ca2 pressure
snd by feeding such flash-cooled solution out the separator trays,

In the counter-current contact the decowmposer gas ia cooled to
about 125 °C and more than 50 % of the water vapor contained in the
decomposer gas is condensed to liquid and mixed with the downcoming
urea solution, Such urea solution {s heated up by the condensing
vater vapor, partially degassed and mixed with the main streem of urea
product eolution degassed in the decomposer,

0'/0.
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The resulting liquid phase contains all the urea formed in the
reactor, all the stoichiometric amount of water, the major part of
the excess water recycled to the resactor in the carbamate recycle
solution and some residual ammonium carbamate and excess ammonia,

For total degassing the urea product solution is further let
down in pressure to about 3 kg/cm2 and steam heated at about 115 °C
in the second decomposer to decompnse the vesidusl carbamate and to
vaporize the res{dual excess ammonia.

The second carbamate decomposer svstem {s of analogous mechanical
and process design to the above described first decomposer syaten
with respect to control of water vaporx content in the decomposer gas.

The degassed urea product solution s finally let down to

sbout 112 °C, All the restdual exceas water is evaporated from the

ursa solution, a0 that the stresm leaving the aystem contains all the
urea formed {n the reactor and only the stoichiometric amount of process
water formed in the reactor, and the small amount of water eventually
added to the urea synthesis loop from an external source. For this
reason such urea product solution usually has a concentration of

about 75-76 wt %.

The gaseous phase from the atmospheric concentrator {s water cooled
and condensed to a liquid phase in the third condenser at about 38 °C,
and the resulting solution pumped into the second condenser operating
at about 3 kg/cm2. The gaseous phase from the second deconposer 1is
vater cooled and condenwed to liquid in the second condenser at about
40 °C. The resulting solution is pumpad into the €f{rst absorber, as {t
will be explsined further below,

The gaseous phese from the first decomposer separator is firet
indirectly cooled with condensate to produce low pressure steam,
vhich is used {n the second and in the third decomposers.

The first decowposer gas partially condenses to liguid and the
resulting mixture of gas and liquid is further cooled in indirect

heat exchengs with the 11quid NH) and the carbemete recyels solution
reactor feed sireams,

",00
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The mixture af the renfdual firse decorposer gas still containing
about 15 % of the oriylnal €02 gas, and the 1iquid phase formed hy
cooling is further water cooled in the carbamate condenser at 85 °C
td.bring to completiny the reactlon of CU2 gas with Nd3 to form
carbamate.

The stroam of solution forn the second condenser, mentionned above
18 distributed detween the threc heat exchangers, heating liquid WH3,
the carharate racycle solution and conling water respectively, for
proper Lewperature control,

The ilmpure uncnundensed excess emmonia issuing from the carbamate
condenser L8 rectiiied in a conventioual tray column in which it is
counter curcently woshed by a parct of che secoad condenser solution
first aud then hy o stream of pure liquid NH3 reflux. The purifiad
Raseous excesr ammonle {8 liquefied in & water cooled condeunser
prehested as explained abeove and recycled to the reactor.

The liquid phase formed {n the carbamate condenser deecribed sbove
containe all che water and the carbomste respectively evaporated and
dvcomposed {o the first, second and third decomposer, and some excess
armonis. This solution i« preheated in tindirect heat exchange with Yhe
first ducomposer gax es described above and recycled to the reactor,
tlhus c'osing th= urea synthesis loop,

At process equllibrium ihv amount of cerbamace contained in che
cacbanate recycic solution in equal to the amount of carbamate in the
reactor effluent (with sonwe allcowance for losses of carbamate via
the? 5-76 wtr % ures product solutfon) and the amount of water present
in the carbamete racycle solution ix equal to the difference between
the total amount of water present in the reactor sffluent and thae

stoichiowetric amount of procuss water formed in the reactor by

dehydraticn of carbamate to ures, subsequently discharged from the

‘urea synthesis loop viz the 75-7% wt % ures solution produci, as
deacribed before,
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Practically speaking, it can be sssumed that at proceas
equilibrium 100 % of the fresh CO2 ¥as make up reactor feed stream
L8 converted ioto the gtolchicmetric amount of ures and process
water, and thal the amount of carbamate contained in the carbamate
recycle solution ceactor feed stream passes unchanged through the
uresz synthesis reactor, 1# ther decomposad to NH3 and CO?2 gas, recovered
and recycled back to the rescior.

For practical purposes it can be also assumed that the amount of
water coutained in the carbamate recycle aolution is8 mixed with che
nprocess water formed fa the reactor, separated from such process water
by evaporation in the decomposers, recondensed in the condensers and
recycled to the reactor,

For the veascm exposed Rbove, the unconverted amwonium carbamate
and the vater recycled to che resctor ar. the basic and important
constituents of the ures synthesis loop. At process equilibrium
their ratie is constant ...d depending upon the operating pressure and
Cemperature conditions {1 the carbamate condenger their ratio asaumes
definite values,

Such cperating values ere mainly dictated by the solubility and
salting-out temperature of ammonium carbamete. An uncontrolled return
of water to the carbamate condenser caus2s & variation in crystallization |
point of the carbamate recycle solution. The resulting synthesis loop
[nstabilicy and potentis} sourees of mechanical problems due to
carbanwte crystalli{zatior are obvious,

Viceversa, the sdvantages of maintaining the return of water tc the
condenser and thus the H20 to carbamate ratio conatant, are also
o%vious : the possibility of crystallizing the carbamate recycle

solution 1s eliminatrd, and the urea synthesis loop 16 firmly msintained
In constant equilibrium,

Various methods are presently used to detect rhe variations in azo
to carbamate ratio in the carbamate recycle solution. The most commonly
used method is the direct chemical analysis of the solution. The
drawback of this method is the fact that such analysis is tedious and
time consuming, and i{ts results are fvailable only several hours from

the time of ssmpling : in che meantine the urea plant opexator
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has no avaiisble informetion on the relative trend of the Hz0 to carba-
mate ratio values,

Other wetheds of using continuous anslysgers operating on the besis
of the measu:ement of one of the various physical propertias of the
carbemate recycle wolution as for instance viscasity, density or sound
conductivity and relating these properties to the concentration usually
prove to he rslatively (naccurate and subject to mechanica! problems.

Mavrovic succesded {o developing a novel wethod of & direct
continuoud and very accurete determination of the crystallization point
of the carbemate recycle solution by means of a simple and conventional
apparatue, The scale of such measuring apparatus is directly calibrated
in temperature degrees, correlated with the crystallisation point of
the rarbamate recycle sclution. The repeatability and the sensfvity,
for a varistion of carbamate content in solution, expressed in terms of
equivalent 002, from 32.0 wt 7 to 32,5 wt % of CO, is visibly registered
on the instrument tewmperature scale, with a relative error or deviation
ef 0.5-1 *°C,

The continuous crystallisation point measuring device is installed
on the carbamate recycle solution reactor feed 1ine and is set to
dutomstically regulate the amount of water vapor returned to the
carbamste condenser.,

This proved in practice tu be the most valusble aid to the urea
plant operator in maintaining the urea plant on stream and under safe
eperating conditions for extended pericds of time, Emergency shut
downs and consequent raw maeterial and product losses are practically
eliminat. ¥, as well as the ususl mechanical problems with the bigh
pressure carbamate recycle pumps, ' l
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. The results of incorporating all the above mentionel improvements

and fsatures in the design of the H.R. urea synthesis process are

quite -tmrka_bic. A table is given below for illustration.

Technip - Mavrovic H'.R. urea Process

[}

Industrial results

Raw material and utility consumption per metric ton of prilled
urea produced :

M‘.‘il. T/T | 0.58

coz. T/T I
Steam -11 absolute bars- T/T . 0.5
Electric power kWh/MT 135 o
Cooling water
(12 °c 1 " w3/ &2
Mate

According to recent process improvements and developments the
electric power consumption is reduced to 30 kWh/Metric Ton.

Iafsrencest

1. Mtent U.S,P, 3,579,636 I+ Mavrovic 1971 Neat Becycle Precess

2, Patent U.S.P, 3,574,738 1. Mvrovic 1971 0, Introduotion to
Prevent Corroesion
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