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the J[err] . 2 '_ 75 d‘rocess p of the

second Reat “ex- ofrthaemd\{aegm]s fromﬂleco [T5he oere \as
a tenperatur¥ :

pressure of abg%
together, with 127 Tae -
into a condensethe ngmtshem@o(rbommem owwpmiupdm G@/)an’t(@gtttdabr wrth

the gases (*3)¢ the | e ther with a
sol ution- m,e( “ e % =0T
t he successive &mmda (16)ne [err] peraﬂun-dayeE&axﬁxﬂungﬁﬂugﬂﬁ'mceSS
The heat of o,-"*“ it |ized | "*2'.“', gstage Anglogows, py
wei ght for t ! FerevS sl B e ’TH?"lﬁLPF Bl f e diid  gases
fromthe condenﬁalrat Y26°C, 5 ; Gbidged@ nt of the Sxlidd e,rs were 30
passed t hrough fofi¢wieg. ‘(Omﬂ!ﬂﬁ)mon and the sol ution Empkré g3hK)|Gh°k=g 95f
saturated steam at recycl gpl} react éﬁ%ﬁ‘%
kg/[err] (afsol ut eggfhroughﬂyo %@ and 1 m ir ough
t he pipe (5). 1980 kg of ldm/ byt weight hr oug NEl:©@; if )loweifbeemaqlﬂraéet{yerr]
was preheat ed and fed to In the carbamate cbiitingse80G0owerkign peidst eam t 19
reactor s hr ough(3) “fe gﬁ PiPSr e pr oduced,E ckal[err]

(absol utes). 35 ( he re I ng 20% of Sk mgaﬂrﬁpsgmp.y fe
W t hout prewgqa : 805%byweught Exa cdhberoeutbtw dxthagger) bf

pi pe ( 15) ch’ br hes lg)@fs@ vas iy, ypty haying 4 jalst £ _tq‘;i -
90 from header (16)7 weght, it sypthsis Produpt from i 1
exchanger 'sim | asoou@ortdm,tmﬂmec thiough piR15)0d Mtﬁhbmated rhqmsd connected to pipell@3(
for the second Etomths mr(ab,(;gbwsf40n ip@erppriivh ofrthd) beat exthasaatoni a
at [err] . oSN s e e@%% g?""‘ %'@Weﬁtﬁ%m(’llefw"’i%gﬁ)o
kg of carbandt egsOsuipper | a 170 roughpr pe havi ng t he

Exanpl e 5. foll owi ng . conposition: arrpl e '
repeat ed, feeding tB¥swhol e 4 E’%{Bt ed [erE mP(e 3 of
the [err] ' - 81% by - %m 2957 o ihe
reactor, thrgugh pi p,ga(19) A,bywelght [err]mmgp C) to 115
It was thus possible to attain a nolar ratio [err] 10 6%by wei ght
[err] 1in the lower section of 7:1, thereby obtaining an 80% conversi on

yi el d. 100 7110 kg of vapours at [err] through pipe (3), having the

foll owi ng conposition: Exampl e 6



Exanple 5 was repeated using as first strip- [err] 80. 5% by wei ght
per a vertical tube bundl e heat exchanger of 50 . [err] 13. 3%y

6. 2% by wei ght, and I |qU| d synt hesr S pr oduct fromthe react or fltted 105
in the head of the heat exchanger and-an outlet 1500 kg of [err] , at [err]
t hrough pipe (15). for the treated liquid, connected to pipe (6), Fromthe
re or, through pipe (4), a flowof 1in the |Iower portion of the heat
-ex nger. 29610 kg of urea .solution at [err] having Resul t s anal,ogous
to @gse of Exanple 5 were 55 t1¥81,5050! | owi ng 'conposition was p&8ss to the

obt al Neffe pase of th Resul 2,537 00); heSi00SE, firdd anple 7. [err]
92, 204 e bt of she uppérmostsecion, Resukts were | 3@% G o (R F Che [orr]

6. 9% by Evegiplghtand Exsmple 6. pr eheat ed ‘a bﬁggr theprepctps  [68r 1]

17. 10? by wer ght Examp.leSbase of the ng@@zgag?ﬁ N, while the 60
urea fol tplant according .y e n| n 0 onveyed- (at [err
urea s T gaine el Spucy o 33 NI g paggés@wagrf505 yed- (at [err]

6 the ba{c‘é%npfandhgg?mj%ra umd on. Re%ﬁl ts we?% ﬁSYB‘BSI""kg of efr] at
[errl :hcmughpquadpmh(sk@myebma:mﬂ whi cﬁ“%ere in UFEEE {hosdPof ~ 43, 593

kg of? uré ﬂ%@;’fl‘f % RiadVi 200°€ was .
the co i j ; ALt pessedeta enxendndii23gke of v
cbmot,hﬁlaﬂdmstmﬁiﬁbmp EOV. arefer to a

t hr ough spl ﬁmarhél R oiry o]
. (Fhe gn i .). 'glre 3 .Javng an
y weight t/d of urea.
4.:2;, :;SW wei ght kg/ cn
1 19.0%, b; 7% by wei ght
4147 by weight
ng-a back m_ Xi ng of the

reactlo;oﬂ i de N, l bdied B merals Tdl %P@“ 8as passed
to thevbmhestmmﬂwpgiewmﬁd 'Bkb@@@nk Wlar ratio
Was Qbo,&%waspmedt_ ne IS Qaf_}%gfr rbglowhmecmmd;rat 2IORC “dvelgbpipras r.enoved
fromthe,“her ihe svadi&dis) &7k The |nterrred| ate liquid

synt hesusatgtm 200° wlmp@dademd:e : ri ppq&Hw a pi-pgg weight g /5 15

' JRVBRERRy WogTeny i $post tafty PR pe (4)co,nto .a Ve Q'a,e.gmtube bundl e<heat

VS 331,00 by waF-dfitby weigham (1 0) up to

' Inthe[el’l’] urea g% 695 BY#8ei ght ~ car bamat e

rhav[u&rlfs»]szs kg of vapours af 2109¢0 by wei ght

:, gtpe (9) - havingurtha following' 9p41. 4%
at comppsisionyf st oi chi o- mettic need. The

decorrposuomtmmmm (nelrtmtm of tiag NH, - ex recycI ed back
7, 847 pr 1 ansl iy ¢ polusion to thmecond 427%%%t he reactor

t hr ough PG ProcesAehy ollidrion - SUTiHOer  thr M‘wbypmam (2) and, 23,043
kg ofmur&asw&@ (\12) c-rw AN g4 W i ndj §F sed to a
second gmdmtﬁratghlmg (14), whil| %ﬁgﬂ l?’f{ro gh pi pe

gh pi pe %‘53"1“‘3‘?‘} T’?ﬁ"‘m daO\Hgldm slsseﬂ:mwéh (.10751% 2,600
(7) of t{Ger 50 opr ofthe steam Foos Nva@lébl 12,600

kg
passad i arc140°Cwas i 3t 6 Bht 0o - 85
exchange‘fe}'mthe anti e | a obmparab' at of 5.0%
by weig F OOV E j _ leil.i on fl ow ng [err]
27. 1% bypipe, qlg : 1e bot t om passed hough pi pe (7), .
ur ea 50 to f Upfl5k ¢ OICETE] Oad rg62ss steps. in
t he secao 's it ret Wr]los and the

wez1e; ' b I"j‘ Vi tResult) ammkgi_mhfthwapi)tﬁmﬂt 8[err] «

kg/[err]mfonmggasﬁﬁu@ S (8 |V foped- o t hrough pipe (9) having
the fol |l ow ng, conposiion: top of the SECmp&tfol pper was passed into a
cond&hser . to%her W / ‘ses plant in - 55. 7% by
wei ght from Hjge react @B/Ilsypva@&d vvrt 110
42 7% by wei ght comn m, su cessr2 tl90 eat [err]
- 1.6% by m pﬁ?@i&g A da@tdthﬂ-dlvhﬁd eubctt of steam
= (12) |’duwlnggases re urged th&mhmaﬁtnedmmevemtwhmmihemstrr ppers was

NHP5 fron811;‘5t7/ebyvu;txthl'densera ’h pask- 445  passi ng
6 300 kg of ur at edl‘gt, garﬂabt t e o M de’zfﬁ the reactor

from- 20 kg/ r] abs: rocﬁ%h pi pe (10)2 and 2,




the condenser at [err] through pipe. (5 kg of the steamthrough pipe

(11). 12,000 kg under gravity. The remaining 50% portion of of steam at

6 kg/[err] abs. were g j

was con- t he carbamate condenser. the overall conver- veyed to the
reactor through pipe (1), and the sion yield was conparable to that of
remai ni ng 25% of the required [err] is directly exanple 1 fed w thout :
preheating to the reactor through pipe (15), branched off fom header (16). (E:)
exanple The reactor was fed wth: Exanpl e 8

was repeatéd by7feed|ng 100% 3,939 kg of 1ﬂm3mm|a preheated at [err], 7 -

of the required wad dbbut 5Q, FRE e SRR R0 SLO! igper . throughy, ),
24,778 kg of . car banabo 0.5°1. R8s intefmediaee! Liagia Wgn- W h t ,Se of ,a @ﬁ:sol ution

at [err] thr oughmeﬂ’@%‘ ﬂ""ml\m_ thai ned. l:IJOe fol | gt igiposi ti on:
55 [err] S passed O l"‘;\’" mmm . 33"8 & 10
[err] g&e e ¥Sih Bmums&mavm:fOAMMZMMﬁ&ﬁd 65
plant in [err] - thinlayer wh@ bdfdidhear\excighger of the antl&)SC,oenti’g:a&l& pipe (210 Utite ceb
havi ng an dut put fﬂlrnzﬁlg 989 Wd%o 858 aWas |y fisyy r tzhizﬁﬁlksetﬂ Uaﬁta 2918608
kg Of Vapour S @t i Garbmiaiit Chid LicieP F0 b oo \V@;ﬁ' cal
cylin- (3), havi mosed, veithl the lai\bigh GBIBGES biehr®N: via pigd ()t reactor: suw ds 'ntm
two overlying sed@l)oﬁsheﬁtt’dmtégrﬁs equivaléne toesbowt ays whi ch maintain 60

[err] 8;&?}”%0 ey pigpmetic eq geneouliaxi al 2 %by d| ng di'e
back- 115 [erid excess NH, wdb- sagc cmé?,d MEE m X aof. t %

i quid. The nol alﬂnrmghlp@e[(ébrwunm (6), flowell 6\% by wewrght  and 4zs asyrw]ngml n the
upper section of mto"g?md m‘a‘l ‘gef’_of 5,839 )

1,581,505 . the thindayer type, heated with steam (117, In
erI ar ratio [@r]memndb@%&abouﬂm #aﬂ«)b&m

i ntermedi at e | i q@Ogreqyirgment, p at 200°C, removed 6, mmbemmmmwmmi
fl owed under gra\m s 1 & ¢ solution llznl% by wei:

section through mypqo '

t here passed, 26hro heqmqokeam tha ta:ere5| Hghce ti.
p g A etpératih ) rm.s

co° . 33. 8!
mnutes, into asyde
th|nIayer t ube L ol I I eter ° rou
pi pe (21) into t Ipessddatol 4 mog&w 2 eﬁ%ﬁr]‘f ”?900&
stripper and 38, 38es K@)o@me@wahutwnoméat e@w th steam up to 210 anoBS
the res havi ng s (, ' 10 idual cabanate was
al most totally dq,gg%,su zgmn he secoﬂcg;sgyggg:er_
posed, with the & &l gaes| ade ﬁtirgeaamoughw a pigg (6): 2.3% by weight
70 (21), prehdat ﬁ’ea@“ %@@%@gm'eﬂbout 50% of the st oi chi omet ri ¢
requi renent of The while il hej atrippe
gases and part Ofmgtﬂi&ofthe fgee]?imeheamedat 40°C4. W ¥on*VYahes
was passed back tvusgxﬂmreactorﬂm{gb ,000kgof .
pi pe (3). Sol #Pj cfh')' :

t hrough the bott q iﬁ%r}@ﬁm;— V‘ﬁ%ﬁﬁﬁ@l
exchanger, of was \f& witht Nt r oduce e sec- 95

thin-layer typ somanfa] 4t) 1407 G, ond strl rltmnpléhrough p| pe
(2), and 186, oég TFOE) o e Ol &b Fxatpgien 1 id feedm ea
sol ution at 200C drefelion t'. ot - | ef 1] requi 'q‘ oy 1. s
renoved position bel ow wee rem)ved t rough pobosined a m)st The vvhoI e 100
resi duals NHs and t he NBJ ut|0n478‘¢,\hy|wggmut of the bot t om passed thr ough p| pe
[err] 6. 0%%Re wei ght‘l‘on‘}%)bymslﬂurther | Nt JIFAERlp1c e

[err] 5500% by Wel.ght. YWY 25 | & thk NiE o ﬁthe
t enper atur e 0 % htbgatofuiadbwtsapoum&mb&uﬁn fhediafy

and a pressre wa 3JOLkg°f mm& %F}h%y 490 tatagain a20darkepid NHy:CO, T
gaseous stream (SS l'eaving the top of the secBff. s psl e én&el 3’f130

kg of vapours at [err haV| ngg%%éwgq&gied to a cond°enser together with
purge conposidi on b wer-e hr ough pj pe 30 Wslx 13) com ng
from ithe hedd of tH (9): zﬁ& %‘ﬂm

g 2596 o
react or and wi t N Psoh ) 4o (DC QDA mmfw’ﬁmmi‘iﬁdag‘?&‘fmﬁfﬁ&" LGk

The condensati on From |t fedctor, 29,610 kg <2, hkantiv of anvidofia

production of stwrhWC having the |composition belosy %@eupnez 2ctiohl) Bespleslyiolg al
gases are pur Hlfl!ﬁ%hwugh r(]4) i irodioed tﬁ leptop@d(ﬂ“ﬂé 5
while the solu |Qn Was redycl ed back to the reactor “Yom Phe condenser At
The heat requirenents of the strippers were 170C through pipe (5). The
whol e remai n- met by passing 3,600 kg of saturated steam at 90

ilag part of the [err] feed preheated at 140C 20 kg/[err] (absolute)
t hrough pipe (10) and



was introduced to the reactor through pipe 2,000 kg of the steamthrough
p| pe (11) res- 40 (1) The residual 20% of the required [err] pectively.

..... a ) ci—+reet Lw fed into the reactar

vvrth0uL any_ st eam jt 6 kg/[err (absol ut e) The whol e preheating thr ough
pi pe ( ﬁilll branched from: conversion'yield in the reactor was about 78%

Coreo TR 2, 5, 5 o0 v o, rensed smen =

5\
. mat e Exarrpl e*10 was re eat ed feeding 100% of “solution at [err]
t aiégh pipe (5)having e_ﬁ 05| nto the second stripper, 8Resu™s the

fol | oW WEHAD WO TUALANS:— mgeb&grametmehmoammﬂt n Exanple 10
wer e obtlaA preckss for the synthesis of urea accord-  dehydration of a major pow]h@ﬂofimef tafba- 47. 8%
by wei 0 thesegction scheme: 42. 1% by 1o “gff’ath‘s Pe‘t"fa"fm"d and further de-  6Exanpl e 12.
50 bRE 1+ co,,_ mﬁb g% b antially reaching the ¢ - anpl e 10 was
repeat ed by —EAWTCONHLEME ¢ he [ete@uf;eﬂdmthﬁa&&ddm ‘to the 8,900

reac mq’fg‘ sl aﬁ'ﬁﬁm . TOpipe (:19);
to attﬁdnrlzmrw @tm&fbﬂhgtﬁ Iynthesis  WhidDthé holat Fi€o ﬁH?Co?é% 5%1 equal to 7:
1. A yiredud, die Eduiiltyneiio praduod ﬂnﬂlgﬁﬂm stzomandfrcﬂBSEd’/sh)yn\A/el ght [err]

kg o vagoq%‘s at- [err] throu%h pi p%g:s@obﬂﬂmef NHvt@fJa etn!alttp@n of the

11. 99%S$ _iﬁﬁmtrwtmmtstagem Whlch Ie 13 55 [err] .
4. 9% -,; 3 % Nr of75t he amoni a
feed tadgas‘es witht 4 Bord ts rough pi pe

recwbd.:ttoahe ofone, @tmmalua h:etauFmﬂ:m t he reactor,

¥ SO at°‘ Péhé’&t‘%d at [err] at
re Séﬁfmg fPer section.
pmlmmnﬁfrﬁd\w:&damh&hﬁ\een the
Tl e “'%ﬁs” B
Irl:r'-ll.rk“‘;! Te ' WhiCh'the ¢
1, 581, wdﬁbw s qu seoondzone:stughertgfan Nmt% 18?19 fed into
t he flmtzdneWMgc,rth!tm&:dﬁsrA p?he §wﬁmﬂl§lﬁ®tmt hesi s of urea accord-

dehydrggiTo mw (LRI acrrie i ciind '“I"’eféet | on schene:
mat g t@ameea I'S" pertorne aeham?curt Bridicdd Pnd Vi car bamat e

to ur eaZIspmabdﬁf@d?hrolamiﬂl [ize tekiidh annnletforafeedmeanﬂhftNHJEndbptﬁ)H%Stant i al Ly

r eachi qmeram l!Pmﬁ[GEr 170 40 [# "f.or.aﬁeedmamr@%an@eperforrred | n
the s DL e ;,_‘ ! to or in

whi 30h d QQ >1 Eb athe @d e §irst zone.
70 reaZOD%Sd vvrtha err ratrornt#\'eo Zcxmﬁupymsheas claimed in
claim 1 | JHOCPS % R A dgirgctonhi ch. t he

nol ar “éﬂ)% rsﬂd‘e?' W . SBEAEN & product

bei 359 Bmﬁr@wﬂmhdﬁﬁ4maﬁc}andmdmwﬁm : In subjectedeso a- st
treat %)m ) @ressrrevids i fedm  18Chgo Qé%on %W#;eat/@tcitc:hhereby

subst a -r ufdCatiGe, Wikt o6 ddwicomed M 11 of 75
bamﬂ%mﬁm e P A R e oot

anmdni aesststaggtsqdetdmdonpom ti on tahspmumtthnka vqhmtth«)nos in the

first tredt s e "f“ﬁ°ﬁ‘§fta%‘fmmd fhia are
recycl%'ﬁgﬁlﬁm B ,, (§P ﬁﬂ;,ﬁ'% eatio synthesis
st age & cbeg ®nt. | quI sydsyeted @‘seo{wedbm]aon&ftsinrtmﬁeao&rhdo 8:1, being
15 45t he§r$ppmkaclamx¢ﬂ®lmwuhidt ﬁj wﬂﬂle@mmunmlamﬂed i1t t he second

zone b 3 %f’ 0l ¢ ted with earbon
~tion QONE af lpﬁ.t zng gehle ed. to renove
the rem;:dyrmghemm&s etpfordiqu ( auﬁmforas«ausm-s ammoni a, the

Frgotage on, of ure ed ‘ "A" j _is .col |l dtted and the
Goc phass P %«ﬁ?@&%&p P s SR

treatnmjmdgy&h&i@ gends GARRY at ure of the
[err] faged to t 85 purged) bef o!e%imbel ng_ recycled n the liquid second
zom? |§119n % W g ﬁ%nwded% %t hb& 4205t age, the

© synthe &ﬂi Tﬁ‘:nfl o ﬁ'{ez i rbgt,g t,eoglz:@;qﬁthe first and
second utem ﬁ&@mszmmdbmemamigame&forvm:eem is being
con&ucd@d mwmdtnbstyamsafmya&mghnﬁm‘%afr Fheseby NI « us corrprl si ng:

25 @ M zones, the first zone being positioned  €ither zone or both- zones sim

?ndrlcal and

- inlet for a CO
veric AN [ Ao T NP Kb Y 1, in which
an inlet for a feed stream of [err] and option- the synthesis tenperature

is from 170 to ally an inlet for a feed streamof [err] an inlet. 205C.
for recyled Iiquid conponents, an inlet for re- 3. A process as clainmed in
claim2 in which cycled gaseous conponents, a purge nozzle at

'.'.1




30 the synthesis tenperature is from 180 to e reator top for renoval of
unwant ed gas, 95 200C an overfl ow

downconer extending fromthe 4 —Aprocess—as—cHarmedt—Trmany—precedrng—head
of the reactor to the bottomof the reactor claimin which the synthesis

pressure is from for passage.of liquid synt hesi s pLQducL—aﬂd~an*tOU—Fo

250 kg/[err] outlet for I|qU|d s nt i N/~ 3
comuni - 35 5. A process as clainmed in claim4 in “ﬂ‘ !
100 the synthesis pressure is from 180 to 225 (b) Ispper,

conprising a._%ertical Ka/lerr] 1,581,505 tube 9
bundl e exchangemiqud rodﬂn.;ﬂmmsrﬂeﬁg padimohdaeneﬁr thA v mcae;anmcbm: Reféddhye to 15

preceding bot t dptdmnof fipw dowhe apofrtbeaseompenying diswingswhi ch . t he
anmoni a feed to}HE ing o o Jhea {_iﬁfgi qgﬁgn L‘fﬂf'ﬂgjﬁfﬁﬁ§ 540

t hesi s stage 55@:{&%@@{1 ynthesis product being posi- a6 S WiRCExadples, & Separ ation
tank, where the u@&ﬂné'arth& ofahes@ndwoncl ai med BN Urely whetejrepeiied (by 25 pioeessadsi o f
agas phase, f,rom 8| dai H”mh#@ﬁ”ﬂh@wﬁﬁ¥¥$¥§kwban1 fed to
the octur’ tfén SIRPREE ¢ &n outl et G ms ApRidhet I €t Ment

stage, is frqm 113, p&&&%s Jd@ndE inNd4ANTURi cat |m.mmwusn,hnemm&mfm; re- of
the C02 synt hesmuctlehglﬁmewm additionally Wd ed ga "».rw.v-- RAty bhm,s in the
reactor *and 45 a‘””l‘ﬁa PRESE argion, for dpise inclaim 7105 TSR an outl et

0ak.0 the second

for 1iquid in cOMBIAldeebs BR cibishdihesis o skie [ 1]  StidacIe

t reat ment (c) a second stri pper, conpr|5|ng a heat ex- stage is from 50
Lo 90% of the [ or fbuiuih/165 hiieu DANEEL, o HURTLEJEAL TlE001 g 1
stri p- requir enent publishBEby BERA g %ﬁmn QAt of
[err] as a stripping agent, an d|rERRW%WW%P%WﬂSQWWW%eS|S stage or to the
first outlet for liquid and an outlet for gaseous com 50 reatnent stage .
ponents in conmunication with 115 9. A procss as -clained in
any precedi ng (d). a condenser, the condenser having an claimin which

ammonia is injected into the outlet for liquid in comunication with the
| iquid synthesis product in the first treatment inlet for recycled liquid

conponents in the stage.. reactor. 55
10. A process as clained in any preceding 16. A process as clainmed in
claim 45 in 120 claimin which the nolar ratio of [err] whi ch t he

reactor is divided into two zones, a during the synthesis is from4 to 7:1.
first zone being positioned above a second 11. A process as clainmed in any
precedifng zone, the two zones having inlets for a feed claimin which
the synthesis of urea is carried streamof [err] whereby NHs may be fed in
60 out in two zones, the first zone being positioned either zone or
both zones sinultaineously, an 125 above the second zone, the recycled
com inlet for a CO2 stream an inlet for recycled ponents fromthe first
and second treatnent gaseous conponents and an inlet for recycled 9
1,581,505 liquid conmponents being positioned near the stantially as
herein described with reference to bottomof the first zone, the overfl ow

down- ° any of the acconpanying draw ngs. comer extending from
the head of the first 20. A process for the synthesis of urea sub- zone
to he bottom of the second zone and the stantially as herein described
with referenc to 5 outlet for liquid synthesis product being - any one
of the exanples. tioned near the top of the second zone. 21.. urea
when prepared by a process as 20 17. A process as dairned in claim 15
or | af ned in any preceding clim claim16 in which the first stripper

i ncludes a thin-layer heat exchanger. For the
Applicants: 10 18. A process as clainmed in claim 17 in - LLOYD

W SE, BOULY & HAIG which the first stripper additionally conprises
Chartered-Patent Agents, an inlet in the |lower portion for injection of

nor man house, ammoni a or CO0.

105- 109 Strand, 19. A process for the synthesis of urea sub- London
WC2R QAE. Printed for Her Majesty's Stationery Ofice by the Courier Press,
Leam ngton Spa, 1980. Published by the Patent O fice, 25 Southanpton

Bui | di ngs, London, WC2A | AY, from whi ch copies nmay be obt ai ned.



