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oducti on bﬁdép@ﬁd@ﬁﬂ
Egn3|dered to be a nega ve aspec

f ammoni a. -
e?gthZT#ﬁepéﬁ@¢@tummmlﬁed”é@@on an

|ndustr|aJ aiplagtafreg th@0$§%aﬁg¥33§”ék fggul ammonia in which

. carbon dioxide is produced as g by—product and a

.10

product is malnly urea, ammonla ¢an be considered to

15

20

..characterlstlc of operatlons with an ammonia line,

T One step 1nvolves the decarbonatlon of gas being supplled

25

" The other step to be -avoided is that of separatlon by

i L e T

'be an 1ntermed1ate and for this reason/has already been

‘with formatlon of ammonium carbamate which is subsequently

-gases obtalned These two steps are expensive to operate,

i

l

E

E

!

arently" ' ;
%

i

l

- plant for the productlon of urea- 1nvolv1ng reactlon of

the two products of the flrst plant. When the final

e O T
: 7

I e s
[

it

attempted to 1ntegrate the two plants.,
It has been con31dered generally that an ideal

scheme of integration WOuld be one wherein a direct

$ Py vy

converted into urea, 1ntegrat10n being carried out in

such & way that it is pos31b1e to avoid two steps .

to the ammonia synthesis s USing solvents, and regeneratlon P
of carbon d10x1de from the solvents followed by the ‘

compress1on thereof to the urea syntnes1s pressure.

1lquefact10n of ammonla from the mixture of unreacted

Advantages of such a scheme would be the following: : !
(a) saving of thermal energy requlred by a ) Lo~

conventlonal decarbonatlon plant'
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two pl ants. the5|s are conpressed and passed to a colum, - ‘70 25

‘be
~ab
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dat e usual Iy | nvol ERSWRESD (T PRotBEaRPRRRaRYPR | 4F Ehe HEPED1ZExeE, UiRpacted

'S0

tegrated schene | - operati-ng i ndependently of the other. The wll
. : ; ! .
feasible only in®nose’cases wherein plants involved are a plant for the

oduc- all or a major _parg ?f EQ@ AgToR aﬂ%}’&}r%ﬂl ”c8§t'b9“bilﬁ:'§%@iaoﬂ or.

i ch carbon duced is conv o-urea nt e-“diroxi de
oduced gs a by- pr%@taﬁ?&ﬁa Qé%&?ﬁt&ro%%st?a practlcabl e,. then ammnl a

ant. for“the production of urea ihvolving nus be consi dered as an

termediate pro- 65 20 regy t'@&vﬁi:ﬁg”ﬁ‘ e pioskheh scal bherkl’ Sequidtdd for

ant: Wen the final product is mainly urea, . In one integrated process

r the produc- ammﬁuéimaﬁ oempeesisdensd drd be an inter- ‘tion of urea

own. at least in Italy, e raw nediate and for this reason it has already

nt hesi s gases for use in (&) asewiding szm-tmepﬂ.amwe@psﬁdfbm rl,hteeg}(?e t he
has

en consi dered -genes@hpyessaonan the upper part of mhlch is enployed for

- ideal scheme of integration would be one..sorption of CJerr] fromthe

w synt hB§i s gas - The subjection of the ammonla produetlon to the

’ productlon of urea can apparently be considered to be

a negatlve aspect of the 1ntegrated process. The word

"apparently" is used here, because the 1ntegrated schene

_ﬁill be feasible only in those cases wherein alllor a
15 | " major part of the ammonia produced is converted into |

.orea. Should an integrated process be practicable,
then ammonia must be considered as an interﬁediate
product. | | | |
* In one integrated process for the production'

- 20 of urea known at least in Italy, the raw synthesis gases
_for use in the ammonia synthesis are compressed and
passed to a column, the ugger'part owahich is employed
for absorption of 002 from the raw syﬁthesis.gas by |
‘means of ammonia solution leading to formation of

25 . 'ca{rbamate, and the lower part of which is used for
| the conoersion of the carbamate produced into urea.
The 002'13 absorbed by anhydrous ammonia to which an

. aqueous solution of the decomposition products of the

unconverted (to urea) ammonlum carbamate is added |

30 © Such a decom9031tlon can be carried out at low oressure.

3.
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VAR . I . a - .
N _ - the formation of the carbamate and the presence of
efein a direct reaction between anmnia by-nmeans of ammonia sol ution

adi ng touand'carbmmaﬁtnd¢hpamehﬁsocﬁéﬁggyﬂtﬂéré&hafﬁéwnﬁéfenreﬁ to as
Irbamat e, and the |lower part tion of a I um car bamate which is sub- of

ich is used for tlimermeref araef syhéhesS Bgasapbntty thavparsdalntpressure
ea, integration carbamate produced into urea. The CJerr].is being o
irri-red dut in suchod viehe t andi of &beo and andigels ol nevessany to.

ich an possible to avoid t steps characteristi.c -of aqueguspsol ution of )
e deconposition propenies &% ontehi pweﬁﬁumsor(iaé)cmtwe%@qﬁgéwp) &oceshsfeve

e. unconverted (to urea) amoni uminyvolves the decarbonation of gas being
p- - carbamate is &wddcinrh panbisippriessare f FRPrergdiexife HoHaintain
nthesis, using sol- can be carried, out _at |ow pressure_ vents,. and

generation of car B FeRGRAce i@th@i&&&ﬂﬂ%aE#ﬁﬁﬁn dmohﬁﬁﬁnﬁsﬁ&ﬂnﬂiiiﬁSiné
Tbammt e and the t RHTARE 138 i CAETRIORES JRattrBed rhe SpRBSEIGon grith
ort, CoANent S (Sl % EEnEhEPebT BRI E 0% o LuBERRLA' 1 e
) : o introduction of cold absorbing 301utipnsé " The convérsion
| of the carbamate into urea is effected in the 1owér part
of the same apparatus. o | |
. .. Phe raw synthesis gaées-from which the CO, has bee:
15 absorbed after other treatments, are forwvarded to plant
| for the synthesis of ammonia ét high pressﬁre, namely fro
100 to 500 kg/cm?. In view of tﬁe-fact that the ammonia
produced.and emplbyed to obtain the aqueous absorbing -

solution is initially anhydrous, it can be deduced that

A EY I -
R SR T

20 | its séparation from the effluents of the urea synthesis
'rgquires, for exampie, cooling with water followed by
vaporisaﬁidn. 'This can also be deduced because of the
high partial pressure of ammonia required. |

| in-another integrated process, only part of the CG;

- 25 - is supplied_in the form of raw synthesis gases, some of
| the CO, therein contained being obtained pure'by.conventie
“jally-treating raw synthesis gas. This procedure has beexn

~ adopted because the émmonium carbamate formation and its
conversion into urea is carried out in this process in tw

30 different apparatuses, and in order to maintain the.

4,
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-4 by |lquefaCt'0“,aeﬁéyﬁﬂﬂméiﬁdﬁééth&mﬁbﬁia hhﬂﬁb%ﬁﬁ%hﬂ&%tﬁf&etbf relatively
partial pressure of the ture of unt eact ed gases obtai ned. -These two )

Ni{ err] and of the ?Gk@r@oﬁmuaﬁaﬂﬁﬁed; BRECPBALY IBE AN A SHEARENE! YA the
operate. - ' o0 operate-at high pressures (about 250 kg/ Advantages

.og such a schenme woghelnitd thiles pawlt’oeacbyeuseswff ittiee b qxols ¢ 1 sdmpunt s oife pure
foll owi ng: carbon dioxide to maintain the
- r act ants § n 90 45C0 (@)embtrrgi dﬁythlee makperetdyyn.caipEdyinys the hegeisdary.
_p ase. No neans for ufilizing such a conventional decarbonation plant; -

“hgat as it developsheatdescrlbed i n-connec- [Prlce 25p] 2 '
©14359,715 © - 2 tion with such a schene
and thermal bal ance forma@h% %@/ﬂ?’m@ﬂ o8 t@enp@rr&mraqum fsem the raw

_ synthe31s gases to produce ammonlum carbamate is effecteu
at a lower pressure than the pressure Qmployed_for the
10 urea synthesis; équeous_solutioné containing the produc%s
| of decomposition of ammonium carbamate not converted_into
x _ -_ - urea, btogether with.éccasional additions of ammonia
_ape'aISO used in this process for. the préduction of urea.
A ' S The bafbamate decomp031tlon products used are scrubbed,
1 15 _ l partly in a first column to whlch raw synthe51s gases
.for supply of.CO2 are fed, ‘and par?ly in a second colurn
§ to which a diluted ammonia solution is sent as absorbing
| ' agent. The solution from this second ?oiumn is circulabes
~ as absorbing medium to the aforeséi@;zgfﬂ;n.
20 | _ The raw synthesié gases from which the CO2 has beer
i ' -_removéd are used in the ammonia synthesis, after being

subjectea to the usual pre-treatments.

. '
AN ok

Accordlng to a flrst aspect of the present inventic
there is prov1ded a proceso for the productlon of urea,
25 comprlslnv ‘a first step wherein carbon dioxide is reacted

. or carbamate
in a first/ reactor with concentrated aqueous ammonia to

i ’
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form an agueous solution of ammonium carbamate, and a
second step whereln the ammonium carbamate so formed is
. oI urea
"~ dehydrated 1n a second/reactor to form urea, in whlch

30 :'process unreacted carbamate present in the liquid phase
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45 Obt ai ned by th%éﬁimiﬂﬂngf s@Qh@:.@bﬁQ&*bm m%ébﬁdereaceb&au@ed an

queous .solu- ing solutions. The conversion of .the carbamate tion

- dontai ni ng- urea aiboonpeséddandrdbae dedomposdticn effeduetisi ot fermederare

;. dart of the ate and gas consisting of inert gases which.5 sane apparatus.

~dre not reactants decyidiedrieeslse gaswbm&hpﬁasewtmsgammeseeogdseeabMEn to

" Whi ch the . process unreacted carbamate present in the 70 CJerr] has been
absor bed af_t-er ot mrppleatmenheat meqa—ic:wdt-d:imim@.xstﬁimibhefcontehe;ssdmnnbof_
ie- ‘are forwarded to plant for the synthesis of actor is deconposed and at .

_lleast parp of the admting adehyhirghipne$emperatanes yof roine 408rbduaebdegosind on

foducts so formed are re- 10 to 500 kg/cnR. In view of the fact that the

ycl ed in the gasareo(eibegtersai §roacseddatmmtigproduced and enpl oyed to.

‘ogbtain . reactor to condense therein and so that the 75 the_aqueous

dosorbing sol ution is inithhs| proereemipshdih@aniientancadvantpgendtiasn it

. df anhydrous, it can he deduced that its separa- the carbamate which is
econposed and t he&adn e FFeRLLhE éfl\aPG@ﬁ"{ faoir usp inaansintaerpded praasess of

- heats of condensatlon nd di ssolutjo
k _ . é%ovg- escr& 3 type, and, accordlng to a second

10 : aspect of this inventlon, there is provided an integrated
; ' ' S - process for the production of ufea, comprising the steps
- of carrying oub, in an absorber, ab orption in water or

in a dilute solutlon of ammonia, the ammonia present in

. the gaseous effluent from an ammonla synthesis reactor to
é 45 | obtain a concentrated ammonia solutioh? in a carbamate
-% | 'reactor, passing raw carbon dioxide—containing synthesis

? . . gas for the synﬁheéié of ammonia through said concentrated

ammonia solution to absorb the carbon dioxide present in
the raw synthesis gas, to produce a concentrated'solution
20 of ammonlum carbamate, feedlng said concentrated ammonium

carbamate solution to'a urea reactor; dehydrating the

ammonium carbamate in the urea reactor to form urea,
decomposing, in a decomposer, ammonium carbamate which rema
undehydrated after passage through the urea reactor, and

25 = supplying—the-dehydration products thAreof to

-the urea reactor and using the heat of decom0031tlon._
of the ammonlum carbamate as a heat source for the urea
-reactor, pecoverlng_the urea—contalnlng solution |
from which undehydréted ammoﬁigmmgarbamate has -

30 . been decomposed -into its gasebus~c§mponents:and separated
theréfrom; and'subjecting to methgnation the gaseous

4 - . product of said contacting of the.cohcentrated anmonia




__entra id gaseous Sduct; and subjects
1% requires,- for exghplgned(%grﬁfﬁgt%aag?gr ro uc qme%%r%a%algg the

.ideconp05|t|on prOdUgh%édhd‘ﬂ%ﬁh&WtV@@°&éﬁ§&b&%1eH“dh&*Hbﬁﬁf@sgfoﬂebefore
sufficient to supply the heat -needed to main- 80 duced because of the high

pprtial pressure of supdlyiide PPREENESe! banea adlsyilth iy dredéppramoni a
required.. tenperature of the carbamate, and
“Fecover - 5 n anot her .i nt egr aney Precess, oOnthepiriesaint inoreriebohr pas shied
~solution.. 20 the CJerr] is supplied in-the formof raw syn- Thi s
pfocess has the par fioddlcarirglendeget ehkstdcgdeedureme of the CJerr]
“therein con- that it can be readily adapted for pse in an 85 tained being
ht ai ned pure by conventiof@) y albhoesrasedofr dyees off tappabatesdwhichhed low |
ype,. treating raw synthesis gas. This procedure has and, according to a
pcond dspect . of th@oﬁem@ﬁﬁﬁmgb@ﬁangéctﬁ@tm lﬁﬁoidneatlﬂ?ﬁ@hﬂngﬁ,»
here is provided an integrated pro- 25 bamate formation and its
hnversion into uiea céss @t tHeepeblaetive éﬁhﬂ@ﬁﬁtkﬁﬁnﬁfs@ﬂﬁeﬁsfrom the
arried out in this process in two, different' .the steps of carr ing.out, in

h absorb 90 apfarPemade RERCTAToRAel had FRGE H3P (IR Tans 2% tFBn%@@Onla

I I of
ter of in a dilute S%ﬁgéfgl this dehydratlon step is in’ accordance with

g o) ,o:,o,'-'f-rem_ ~'0

_ _ the 1nvent10n descrlbed and clalmed 1n.our copending Briti:
.5- - ' Patent Appllcatlon No. 53978/70. |

| | | (c) the separatlon of the ammonia Droduced in
-4 - 15 - - the ammonla synthe51s reactor from the other gaseous

| effluents therefrom by use of water absorptlon, the

'T;_. B _ N - ammonia solution obtained being used for the reaction with
é " .'.e _Coalto produce ammonium'earbaﬁate;

| - (d) the direct supply of the ammonium carbamate
i 20 - solutien obtained ﬁo the urea reaetor; -and

1 a | (e) the carrying out of an 1sobarlc cycle involwir

conversion of the carbamate into urea and decbmposition o

unconverted carbamate.

%' - - The process of the present invention permits-a

; . 25 . substantiel reductibn of tﬁe investment costs, since the -
,3 “-, o '_uamount of plant required is reduced w1th resPect to the

':' ) ;.amount of plant used in prlor art 1ntegrated prccesses.

This results in lower operatlng costs as it reduces

el s

remarkably the consumption of mechanical energy and -the

30 : consumptien of thermal energy per ton of urea produced.

70




_ o o 40 the 1nvegraved process 10r e proaucvion ol
, nperature of appara ch urca forns ni,a, qf. the ni '
p?esent in the mAthuﬁegnaﬁﬁﬁﬁﬁﬁﬂﬁeé?aﬁﬁg pgﬁﬁﬁﬁ%ﬁ%gﬁfﬁﬁkgﬂbuﬁgﬂvgﬁﬁgﬁtfor

§2$ or o obiain »oRAEHR Shﬁé%%nf’%ﬁé%%ﬁ&hﬁf %%ﬂ? of corieal 7

‘the guan-- sol utiong, ﬁ%ﬂhé&”ﬁ%&%ﬁﬁb AchAk rpg§ &%éf éSS but
pirn1tted by use of t e greater anount™ car I OXI con arnrng syn he3|s
s for pure CJ Fb‘t]alle%fUTJ‘.ét tB%héﬁp%fa '%d M@ré&’ﬁ't@ﬁé' éa%on

ni a through sal con- suppl necess heat

-~.C ntrated ammnia sglodamd %e?é’s‘é’é@ntéﬁmﬁﬁrb c%ﬁlplet% ey e-tea b h&bon

cérbon dioxide from bon dioxide present in the raw synthesis gas, the raw
synthesis gases to BRQAMER AMENsfprebseh 83UGE IR S P €Nt 3P| HERPR O han
. a . 100 carbamate i s effected at a | ower pressure than nium carbamate,;

f.. edl ng sai d concenthatted dtfende®ssor Beetpeay 6 ftfe hicalr pnbhoshesi safter
Ca ni 'um car bamat e solution to.a urea re- aqueous sol utions containing the

'products of actor; tiehydmprewsite abtepyi thec gelrrmis siireaimcoopbaining efll

s afimoni. um carbanate not in the urea reactor. to formurea and obtain

SN B 10 . the carbon dioxide necessary for the productlon of urea

| '1s supplied to the bottom of a vertlcal tube exchanger
(hereinafter tgrmed first exchanger) in which it flows

" through the tubes in countercurrent with a film of_ammonie

solution, to produce ammonium carbamate. The -heat of

.-". .
i

15 . t reaction involved is removed by paésing a cooling fluid

through a Jjacket surroundigg the first exchanger. This

cooling fluid can be water for feeding boilers. The

design of the carbamate reactor is not critical, and many

types of commercially available apparatus can be used.
20 . The carbamate solution which has been formed

flows out of the bottom of the carbamate reactor, in whicit

o diia b 8. B sl

the temperature is generally within the range of from.100
to.25000. and the pressure is in the rangé of from 100
to 250 kg/cm?, in the form of a very concentrated solutio:

25" which is supplied directly to a urea reactor for

conversion into urea. The conversion into urea will_be

described hereinafter. In addition to being supplied

to the top of the carbamate reactor, the ammonia solution
can be suppiiéd, in part, to the bottom. A gaseous strea

30- - of gas saturated with ammonia and substantially free of O

8.
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_c nverted into urea, together with- occa5|onat fron1 the urea reactor an S

ueous solution  lfsaddi butngroh MO WL EheOorusst efichBnger to a coolen
cbnt ai ni ng urea and gas consisting of inert process for the production of

“ufea. The car- gasesembinhaapaertoifr dant anisonie t bendencess; abdndie returned +:
. deconposition products used are deconposing, in a deconposer, amonium .-
" 4p scrubbed, partl¥hénfarstr skchahnger,t prdfetrabiprbenthe boitdon ey rsos.,
u dehydrated after raw synthesis gases for supply of COQERR] are fed, -
passage through the. urea r&aet oopledd gamfinon 1tlve andrbanaby meamtnnxm@
.cplum to which a ing at. | east part of the deconposi.tion pro- diluted :
" anmoni absol ution i sthentpagsadssoba meihanatioragplantt aétgns beingimsiraly
.the ing agent. The solution from this second urea reactor so that the .
" bhal ance of the heatPBe-heatafnins sgitehla heals eﬁebangﬁ38nedcommn9sent in
fprmation of the carbamate which is de- the aforesaid first colum
_cpnposed and the | BtR%tERBalE BPIWERIEMsFO O, 30t Bhe g serBlRAN IS 18RS
¢
i

Gprbamte decom The e aNa! DECL NS4SR0, b ek £ prgeawthpg ot S
o | gas in one of said heat exchangers, and ig then passed
10 . to a second veftical tubes.eXChangef (hereinafter.terﬁed

| second ekchanger).ﬁhich can be of similar design to the
first exchanger, wherein it-passes-in counterfloW'with
.water_or dilute-aqueous ammonia solution, which absorbs
- _ the ammonia contained in the gases. 'The second
'15 ) eichanger is also cooled by -a cooling fluid'ﬁhich flows
in a jacket theresurroundlng, in such a way as to mainbain
3 - " in theexchanger a temperature from 10 to 60?3 the
pressure in this exchanger generally ranges from 100 to 25
i | kg/cm . Ammonia-containing gases from an ammonia synthesi:
20 - reactor are also supplied to this secend exchanger and.
-also travel in counterflow to the water or dllute ammoniz
o R - solution, Whlch absorbs praotlcally all the ammonia
| | present in the gases. -
A very concentfated'ammohia solution (for example
25 . 75 to 85?o'by-weight)_is sent out abserbing medium-
- from the second exchanger to the first exchanger wherein
. it absorbs the CO,present in the raw synthesis gas.
] . T gaseous.miiture’which issues from the top of
the second'exchanger now eontaiﬁe a high proporﬁioﬁ of

30 ' inerts and to avoid accumulation of the inerts, part of

f%- 1: ) '~h'tde_ ) 5 .e | | o F o,
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' . this gas stream is vented off. The remainder of this
err] has béen removed are used in-.the ammo- heat heat  needed for

"|nta|n|ng t-he congaﬂepuﬁzstgeﬂmeswhlchfuersb@umytnﬁnumtbdwaberhelsoBent to

e urea reactor at the dehydration tem 55 usual pre-treatments

rature of the car badhydnatsoverungtt h WIIZG}JA(;ca)r&ﬁﬁ@cﬁ@iaaf1'@Benehﬂemth

the present urea-containing solution from which unde- invention, there
-provi ded- a-proce SEUORH1y (as G2 i bedainoinensnadidieat hor oBePlge. copendin

oductlon of urea,_.conprij si fiirst step i ts gaseous
npenent® and \Aher%?%t%‘é?bgﬁgﬁpﬁxrﬁﬂé’lﬁ§aﬁ'é&& r§§9#€?)’§9 separ at ed
erefrom and subjecting. met’ banate - rea

o
ncentrated nation the g (ﬁﬂp r%dBE% ’OF%§aﬁ@§ﬁ§u%Rﬁ ﬁz%rgﬁﬁaoba ;
nia to form an _ aquequs s jng, of t e_concentr ni.a
DA L o AN e S U % St e AR | H S ARLLE FElH b1ece

Toal 0 gascous pr odtet B WS PRLCARIR A TPt A TTEREE Sﬁﬁ%%‘n%%d ourfac

bj ecting the gase@$34§f§¥ﬂﬁeéﬁ@gﬁ the gases and ammonia. Thorough m:.x.:Lno ¢
| ﬂo ' ammonia and the gases is achleved, in order that the
-ammonla should partlally.evaporate. _“he cooling caused b3
-_'the adlabatlc evaporatlon of part of the ammonla
and the solvent effect of the ammonia 1tself, made easj
by the large area of exchange between the gases and ammon
:15 :.results in the removal of the last traces of water from
the gases. This removal can be preceded by'a step in
whlch the gases are cooled in a heat exchanéer in which
dehydrated gas flows in countercurrent to the gas still
%o be treated, and results in condeneation of part of the
20 moisture content of the gases.
| Immediately downstream of the unit in which bhe
qunid ammcnia is eﬁected, for example a Venturi pipe, |
is prcvdded a gas-liquid separator wherein tne'cocled gase
can be separated from concentrated ammonia solution and =
25 B ~ the cooied gases passed to the-aforementioned'heat exchans
- - f'to undergo heat exchange with gases %o be dehydnated and
| the concentrated ammonia solutlon can be added to the ure-
solution which issues from the ‘urea reactor as will be
explalned hereinafter., This concentrated ammonia solutio:

30 is preferably mixed with the weak ammonia scluticn which

. 10?. .



3\94_ © " is formed in the heat f%%;gqfﬁ§ wherein the water-con“alz-:
4 hydrati on. and corgumlmmemeeseupnaylemhawammmﬁelalmyssubgle&:ﬂa’ﬁ
tthe range of it to the ‘ammoni a synthesis reactor: from 100 to 250 - -
" Hg/enferr], .in theﬂhnunmﬁlnglhe process of the second aspect of .the very
oncentrated solutlon which i-s. supplied present invention has the follow ng

tharac-- dlrectly to: a|n1%hee@ehwdrabedcgawasyane|th@n500mpressed to the
“fieat.ures: . urea. The conversion into urea wll be '
des-- 70 %a) all om@nummxﬁ sm‘ébeeiSappasam wigenerallpefiromr d08atioe 250 rkg/c:
gddition to being sup- .allow good centacting of reactants and good plied

"o the top of the @ibdher seattbe, theabmmosismpgnthesis reactor in which

_.the ‘ammoni a sol-uti on can, be sqgglled inpart, (b), the ef fective:
dehydrati on ‘of gas@ANQIBHA $H0 ésbﬁtﬂ&nﬁfKGGéﬁﬁbuﬁﬂs@@%ﬁﬂﬂﬁlogéé BANBET.]

- t;he carbamate reactor so that they_can_.be r. - ated w th ‘apmoni a_and
;éubstantlally free e %qmon{a erduced 1 %hen cooled and sunpl%ed to the

aforementloned second exchanger in whlch it is dlssolved
10. | .1n water or dllute.aqueous ammonia f10W1ng in countercurr;:
| therewith, ; . '
~ The freshly“pfoduced ammonium carbam§te.éolutioﬁ
from the first exchanger, optionaliy ﬁogether'with
i | .ammonia, is supplied to the bottom of.the urea reactor
15 | where.the products of decomposition of unreacted carbamate
| .afe injected. Condensation .of these decomp051t10n product:
i | furnishes the heat necessary for ma1nta1n1ng the thermal
j : : ' _. balance of the urea reactor. The temperature in tﬁe ureza
feactor, which may_be adjusted by varyiﬁg the,amount of
20 decomposition products introduced thereinto, may vary

- from 150 to 250°¢, and the pressure therein may vary froxz

Aatiy

100 to 250 atmospheres. Theurea, ammonium carbamate and

urea solution which issue from the top of the urea reactor

flow, fbr-example under gravity to a carbamate decomposer
1 25" wherein they are heated by suitable heating means, for
3 . ‘. example -2 heating fluid in a_surrounding-jabket. In the

~ decomposer, gaseous NH3 can flow in countercurrent and
. plays the'role:'of'sﬁrippino agent. TUnder these conditions,
"some .of the ammonium . carbamate and most of the dlssolved

30 - ammonia are strlpped and sent back to the reactor.

1
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“lised in amoni a syahﬁgab%eat o AAWAEALL PPl Sk 3330 Skl éf&’”l%h’%he art.

op of ‘the first ex- I'S 1 h accordance wt I nvention es- anger

o a cool er wher ei mngrra%rfax@‘ i &L | PROMARH oCliReBR G Ja 434, copendi ng

British” ammoni a .condenses, and is returned to the Patent Appllcatlon ‘No.

':?3ggg/§89§ser'a| No.. f'rﬁﬁzQ&@@%ﬁﬁ%edpéﬁ%etﬁhbytb%‘ﬁy%ﬂ%ﬁtﬁﬁ%é§ures set out
: . Her eo

.80 (c) the separat hpavef atﬂeez@d”ﬁwapﬁéﬂerredIh&naocﬂbeqsgexsoégpmaJes operate-
- tarbamate re- duced in the amoni a synthesis reactor .from actor is then -

- passed to a nmet hangubeide dte Fengédespgeseoed cbildidn pdfeicilam by hs.gherf
. .after: being suitably pre- heated in suitable of mater absorption, the-

. Armoni a sol ution peessexemangans. addi thdnel) gmbbemseswtsteptmmdﬁ can be
pbbt ai ned bei ng used for. the reaction with -gas is converted to CH ERR] and
~~the CHlerr]con- = 8bagdiedr Jouto qu ddigeidnmebfiluentafxomitdie two exchangems

- gas 'so forned is advantageous used (d) the direct supply of the amoni um

{o pre-heat the comse@n@ayﬁlfnﬂatxﬂn&huﬂleén&AEMmanxﬂlﬂhlﬂ]MﬂmnSnbhatothe
'1he urea reac- heat exchangers, andis then passed to a

10 concentrated ammonla solution produced. in the second
exchanger can be subjected to fractional dlstlllatlon
in known manner before being Seﬁt as absorbing solution
to the first exchanger: The fractional distillation

‘results in production of ligquid ammonia and waker or very

15 dilute ammonia solution. The liquid ammonia is then |
preferably supplied to the bottom of the first exchanger

and the water or dilute ammonia solution is supblied to

bbb a3 o

the top of the first exchanger and allowed to flow inside
the tubes as a film in counteréufrent with raw synthesis-
20 gas. ! _ )
- | Althougp the process. of the présént inveﬁtion is
_? o ~  preferably cérried out in the form of &n integrated
pfécess involving ammonia and urea syntheses, in its
brpadest aspect, the;process-can be cérried oﬁt'independent
. 25 of ammonia:synfhesis. In this casé, instead of.usiﬁv
= | _synthesis_gas for ammonia éynthesis, any”('-}'o2 rich gas can
; o bé,émployed. Iikewise, it is possible to employ any
ammonia‘éolutlon as absorblng agent for the carbon dloxide
-‘ ] _. in the formatlon of the carbamate, whlch carbamate .can

i 30 ' _'then be supplled dlrectly to the urea reactor for de~

2.




tér; and T hydratlon and the undehydmam@dyemrbamaﬂmbeanxbeanger
(Rereinafter 25 (e) the carrying out of .an isobaric cycle termed second
fchanger) whi ch cadeb@myoseﬂ)acnmwdlng tonbbespaessmt Hoxvenbhont andntbe.

m | ar. design to the first exchanger, wherein urea and deconposition of N
converted car- |dep@mg§smhn®mumredﬁcbﬁlﬁup@LMﬂdatqwthﬁImmeabaﬁecéor to
ueous anmoni a-sol uti:on, whi.ch absorbs the The process of the present =
vention per- anw@mlﬁﬁﬁﬁneﬂhﬁxﬁ$m@?nétg§§e§helﬁelbecond 30 mts a
wbstantial ‘reduction of the investnment _exchanger is also cooled by a -
goling flid 95 costs, siHOE¥HRs ABUNLLAS DI &ﬁ{e%cﬁn%othw#eﬁespamﬂ n
Jacket there surr%yndlng "is reduced with %gspect t.o, the, annun% a

ch a way as to nalﬁﬁmH¥QQ?§§mP xV0B| BRESE dNQYﬁﬂﬁ%ﬂnfﬁﬁ PRT b?&%é@ J
focesses. changer a. ere%ure from 10 to 6%%'rr C, Th|s I sults in °

wer operating cos 9 M WPesiBr 8L AN eRgmppia

anges 35 reduces re ti,on of nech- ron1100 tp 250,

b
- 'kg/ cnferr]. -Amoni a’ 3&%# %@aﬁﬁpig ef’r@r&)? mqus%??ﬁﬁ oft the
=.iernal Ing gases fﬁ%@ﬁﬁéf¥§ﬁ¥hés§¥” g%%%r %%:p essures as high as +those

10 stated prev1ously and, in some cases it is possible.to o

f*x‘%;—trw'mﬁbumf'mk:Uim

@_ - . work abt subStentially lower pressures . In_ﬁhescase of
. ammonia syntheeis atb 1oﬁ pressure, the_separatien-of the
amnonia from the other components of the gaseous effluent
'ﬁ | | 3 from.the ammonia reactor can beeearried out by condensing
: '15 | the ammonia in heat ekchangers_cooled by evepbrating
q | | ammoria, However, the effective dehydration-syspem for
- . recycling the methanated produet'of the first.exchenger
1 is a much cheaper and more effective way of achieving
R . ‘separation of ammonia from the other gaseous components
.20 of the effluent from the ammonia synthesis reactor.
This is because it is.poseEEle to carry out separation
at e'single'surface at which very good heat -and matter

'g . L - exehange can be achieved. This means that-water

introduced into the cycle can be employed in two ways.
mg 25 Flrstly the water can be used to absorb ammonla, and

the water produced acts as solvent for the concentratea

o abivadalse, L pn, s

solutlon of ammonium carbamate supnlled to the urea
] -:_reactor. | | . |
f' - A further 1mportant feature of the preferred
E 30 . integrated ‘process accordlng to,the-present-1nvent;on, is

¥ .' S '..”.r“-,r L ”.;,_ - 43? .:




AR  .u§me1yfth¢ ammonif syngﬁzsg?sgeaﬁggfhééﬁggqﬁﬁgﬁsﬁﬁ@ndecom
én brgy per __rT_Et_L_r ict 0&:8%?:@%8%%2%%?3@@ rmeam_’@tﬁ&!lcéh&nth?”ﬁg@'gﬁ%&ég%v%ﬂ% nthe |
exghanger In the integr ea according to the presen La.synthesis, -
cpun:gr;ng%}g;2?u??%%%hgé?%ﬁegbggmggﬁfglg?gggﬁﬁﬁfiffﬁgaaﬁggh?ﬁe Oﬁﬁ%sﬁantlgj
R A e s Bigrhlisdge 10
IS, o YRR i o Wibtguds
e b et oo, singgiizo oo e Ul o LR Beegaure.
4§ér\,e/?F1t ?'? ;Esg?[)s Hbﬂevb%'to,hg.;biess.l.ssg%zg]?g%l gg%ﬁbﬂgggﬁéw awiﬂifﬁst%lﬁ%né‘fﬁgéséﬁre
e S denep et ST S

? ;Zeggfbgl .rg??xfggt;llleeasgaéyr&ﬁéet RRIA Fe Al g?o_ptr:gpg(r).o atmospheres, A

t; ayoid_accuj particular adyantage pf‘thé mode of.operation of'bhé urea

15 'reactor; not only resolves the thermal problems of such
é.reacﬁor, but allows one to dispense with use of a
' 2 €xXpensive . e _
relatlvely/bondenser which is always a problem in urea

_ " plant owing to the broblem of c¢orrosion which is encountered

i ' with such apparatus, |

. 20 | As indicated hereinabove, the absorption of NH

-from-the ammonia cOntainiﬁg gases produced ang the removal -

- of 002 from the ray synthesis gases for synthesis of
'ammoqig to produce carﬁamate can take Place in'any kingd of
suitable apparatus, However,‘a'preferréd apparatus is

25 a film:exchanger, that is an apparatus whish allows

‘ effective heat and mattér'exchangé on a single surface,

_Although more importanﬁ for the 002 absorption to fofm-

4 : _ carbamate, this-édvantgge is also or importénce.in '

| . qonneéfién.with the ammonia absdrptipn. . ' e

30 — Theﬁheatigf;rqrmation of_the[ammonium carbamate'

1y,




50 duction of urea is-supplied to the bottomof ‘mulation of the inerts,
art .of this-gas stgigapostly etitdfad bybasenghasgeio Pres-dewtt ewaternRich
vented off. The remmi nder of this gaseous first exchanger) in-which it
“ffows through the  sufeemndshitte ipiges uthrodghi Whicd dhe ismmeniuhubagsbanate
untercurrent with a filmof amo- to a dehydration unit in whichis - _
-efif ected-a ni a. sol usblmbion prfluecednp@asanm dar bader b ojueniobbaini shch
agmoni a as described in the 55 ate. The heat of reaction-involved is
r.enoved specifi cat aomonfivaurc ot egs@tinbioh R&t entt ergetst was shhghar than
“rcgoli ng Tluid-through a jacket Application No. °53978/70 (Serial No. '
syrrounditng the firShadxe¥anduwiich rgstablisatiegs ofdodhe iamnonivg canbpmate
-water for feeding boilers. In such a unit, the gases are dehydrated The
ésign of the carbaWaild 08€Mr is not by injecting thereinliquid =~ -
: ni a,- dehydra- 60 . critical., and many. types of comercially ¢tion_taking
‘pllace in .a part of the uni# Walpbhostaghiranpré heamatiod fmptoygdqfor -
~‘alll ows -a |-arge exchangeé surface to exist be- The carbamate sol ut|on, which
jh%s been tween thedFEE gﬁgadﬁﬁ%%$a£rqﬂoggggﬁemqu_exchanger 1s that the

_ liquid ammonia injebted thereinto can come from_thersame
10 source as ammonia. to be supplied to the urea reactor.
in this way it is ibssible to save on the amdunt of enérg;
reqﬁired for tﬁe ammonia-separaﬁion and to eliminate the

- need for a separate'injéction pump.

TN
Yot Adbn s

The cycle in which urea is produced has been desigr
: as . _
15 _ in such a manner /o avoid the disadvantageous features of

oL S

(LN

lack of available heat of formation of the ammonium
carbamate in the urea reactor and the injection of a
l&rger-émount of water into the cycle. In fact, owing to
-1 E . the lack of available heat of_formation of the carbamate,
20 the tempéréture in the reactor has to be maintained by
an exbternal heat'source. .According to the present
invenfién, such heat is produced by using the thermal

content of the gases obtained by decomposition of the-

Lot i"-‘

ammonium ca?bamate in the carbamate decomposa§ which
25 - | .gases are directly injected info the urea reactor.
‘Thus it is possible to eliminate & Qré—heating stage for
.fé - . the reaéents and a carbamafe condeﬁsation stage'by :
. simplifying tb a considerable extent the:circulation.systen'
{ o connected with urea synthesis which is restricted o the
.  ' . .30 . urea readtor]and the carbamate decompbser...Thg |

 temperature in the urea reactor may be varied, if desired,
. . J ’
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rn‘ed f1 ows “out Of rd};exms %o&héhamﬁaht dﬂ%a@fbaﬁﬁﬁ@é‘@e@@ﬁnbb@tﬁ@ﬁe%as%s
hi'eved, bamate, reactor" ich the tenperature is in order that the.

oni a shoul d partlaiéqy(ﬁﬁedgﬁdﬂetEH ¥y edictsdirn tnvmxrafmpftmeompﬁw 8¢ a
aporate. .The cooling caused by the adiabatic . 130 4

359,715 o single point of water necegsakywﬁmmraro©ucmhopahb ‘@famonis
e ammoni a and the pl ays the role of stripping agent.: Under these solvent .
fect of the anmoni ®0lwkidy amiiesubsrduentily, Heramionhenacavhanate solubtior
r bamat e easy by the large area of exchange between and nost of the

ssol veddamoni a ar @am@me‘éhanﬂﬂ ?I Faties @nd the t hemperatyresped be

d sent back to the reactor, val® of ‘the last traces of water from

e- varying the extcfudk %aﬁ-lﬂgdéﬂtﬂ-ﬁé dac aypactar 9%95%35‘1 IﬁlEOrBﬁD@éﬂ‘nded

n be-preceded by a oser and/or the anpunt of _stri I ng
_ p -y Hé%ever, thgs poses no problen &ﬁgn accordlnc to the

"present 1nvent10n, the relatlvely large amount of water
brésent'in.thé.urea reactor is used to increase the
10 - ammpnia excess,'without Subétantially increasing fhe
"1system pressure." S | |
In a cycle, which is preferably 1sobarlc 11ke the
preferred process of the present invention, it is in
' féct'possible to achieve 1argé circulations of aﬁmonia
45 ' in a closed circuit between decomposer and urea reactor,
whilst applying a relativéiy small amount of heat, the
conditions in the ammonia solution being vefy close to
the critical conditions. Such conditions allow.one to
| realise in the urea reactor a high NH5/002 ratio, génerai
20 in the range of from 2:1 to 12:1, preférably from 4:1 to
:8}1,'and consequently high yields, thus allowing one to
-redﬁcé the supply of heat to the reactor. -It is evident
fibm-the aforesaid that the integrated procesé according
ﬂto the present invention allows the achievement of a
l?5 : large number of advantages not present with non-integrat:
| - ~ processes. - These ddvantages allow the achievement of
"é'considerable reduction in the cost of production of ur:
For a_better understanding of the invention, énd t
show how the same can be éa?ried into effect, reference

- 30 will now be made, by way of example only,'to the acconmpa:

e,




’ it - N s . o I - o T B a . hand

sgtp in which the gaspsoassscepiséen msingpais yaw sabprisd ther eeol dyntlesis.
polssi bl'e to vary exchanger in which dehydrated gas flows in the anount of
debonposed unreact ed gasbler anmopdst éyihesitsio the gas still to be

ated, ate supplied to the urea reactor, and hence 10 and results in

lndensatlon of part of "theRefrEriagiacs i@ ¥ireheconpanyiae draving (¢ dea

noj sture content. of the gases. ‘solutjon obtained-in this

i s the® sub- Inne%WBPBP§l§oﬁﬁ§br&Qﬂt%ﬁn%mé hitthe °F€@H§14%9X1de necessa
afertreatnments which_ are, standard which the liguid anmmonia.is ejected, for
“exl in the art. |ner¥gra1=§eveﬁ@edprfmﬂqwrm ch? aFBRE =000 ¥ spinresyare

prBV|ded a gas--- react

jar at rein,the coal ed ses. can
Itiis.pointed out tha?f}ﬁg%iysﬁb W&' 51@7% %@pgﬁﬁtgaqﬁwﬁﬁﬁ% SlS’ and
cehcentrated ammoni a . t referr
tijon and the cool ed g @%}s{ Eﬂggég@d Hf%gs gPefbgo g’g’ttao[rﬁg |de
| .,”‘e ranges- speci - ”e”éicé’ﬂ&ﬂ E%ab %%fﬂﬂ%ﬂ@hﬁ%% ‘i'eﬂpdbﬁ@ raw
particular at higher pressu es. e ange wi t h'gases éé fated and
Awladd'tﬂoW@ PrOFesséyﬂtﬁéﬁﬂsW@HQWf%thﬁg inside tubes comes into contact
: ' .with a film of ammonia solution thereby forming

ammonium carﬁamate; the reaction heat is removed in

- this case by circulating water outside the tubes, which

water enters through a pipe 32 and.leaves through a pipe

§ 15 33, .4 very concentrated carbamate solution is producea
E? ' _ . which leaves the exchanver 2 through a plDe 2% and is
EEE led to & reactor 35. | |

By coming into eontact with the ammonia solution,
the raw synthesis gas tends to beeome saturated with
20 — ammonia, and the .decarbonated gas in the upper region of
| the exchanger 2, which gas contains traces of 002 anﬂ
- saturated ammonla, is sent tnrouwh & pipe 3 to a

"refrigerator 4, whereln part of the ammonia condenses.

? The condensed ammonla is sent back throuvh a pipe 27 to
' % '_,_ 25 the exchanger 2, The uncondensed cooled gas is sent fro
_%f o : ; the refrigeratpr.4 to a methanation reactor 8 to ellmlna
;' a*. ' _ 'the'COeand the 002 present therein, which are poisons

for the ammonia synthesis cataiyst by tfansforming then
.into mebthane. The gas is flrst passed through a pipe 5

;'- --TBO - fmto a preheater 6, wherein it is heated by methanated gas




4

_tid ‘the concentrateﬁlﬁﬁﬁgﬁ'JQﬁﬂ§ﬂ1cﬁp%anaggerbgrﬁ%§¥Qﬁﬁ QﬁF??ﬁE?Bg in a heat
S harger s P2 one” P ERaBBANT € HFeEoRat e b Al deadesy! b2

‘expl ai ned "herein- This neags, t@%‘} u%ﬁgtggn gtr% I?he i, %aé&ﬁé fh'l%s hea’s

c@ncentrated ammoni a sol uti"on 'on pr ude nd exc anger
can-is preferably k ] to.fra o
dijsti-llation.in kngm%%%gwﬂé(?[ uj’tql?oylﬁmfﬁﬁgahgor Sj'lgj ﬁéﬁﬁiea?neéc g?g%?

‘nénner befpre be'ngaiﬁﬂﬁ. % 3508 M 9isokint,9¢ H%f’ﬁiﬁh ammonla-contalnlﬁr
fm@ter cont’ai.ni ng gases fromthe tion to the firs -exchanger. The

fractional second eyebagaririf ik M {hebby2aulieal oh meh s | syAtheRis reactor
resu1ts i n production of I|qU|d cool 1 ng.

-a#moni a and wat er OROVE @ lddslenmPdi andheidehyidr atiasl Habedmaadbsbbber 12,

conpressed solution. The liquid ambnia is t hen prefer- 30 to the ammonia

synt hesi s pressur e, wherwial lbhe abhywosiappiresend tihe tind tgme bE absofbest by a
.9% from 100 to 250 kg/cnferr], and then sent to - exchanger .and the water
t@.dilute amoni'a thatmnnnreﬂrﬁum@eammoneacs@ﬂuulanﬁiimnmovsngudDanardly
SUpplled to tthe top of the first

' 10 inside tubes and 1ngected into the absorber 12 through a

plpe 28. The reactlon heat is removed W1th coollng water
flOnlng sround the tubes, Wthh enters through a plpe 30
and leaves throuvh a: plpe 51 “he llquld which passes %o
:'the bottom of the absorber 12 is pasped oub throu”h a pips
15 26 to the exchanver 2. The gas‘;n the film absorber
whichhas a 1ow ammonia conteht is sent throsgh a pips 13

to a cold recovery apparatus 14, wherein condensation

daiad.

of a dilute ammonia solution takes blacs. This solution
.is sent, through a pipe 49 and a pipe 50 into a duct 47.
20 _ Ths remaindsr in the apparatus 14 is additiénally cooled
aqd dried in a Venturi 15 by means of liquid ammonia
f} . : - injected ‘through a pipe 24, All the water present is
n . removsd by.the ammonia and discharged, in the form of_a
concentrated ammonla solution, from a separator 16
= 25 thpough a pipe 25. This concnntrated ammonia solutlon is
. sent in the pipe 47 to the pipe 50,-'”he dried gas, after
+the coid.resovery-iﬁ the apparatus 14, is sent through
1 - a pipe"17 to a'circulatinc compressor 18 and then through'
a plpe 19 to the synthe51s reactor 20. _
30 - ' Vent gases are removed from the top of the absorbe*

-12 throumh a plpe 29
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mgni a synthesis is émeecemangennaem mized e-sadﬂa@evemlaﬂl ot ona tig (ﬁﬂlt.Iull
<1 §si de 't he manner. . The anmoni a produced is then’ tamds as a film in -

_cquntercurrent mnthlﬂiWQ§uC%@o bHougl supimieddo/ite nesvbhingi Bagyure is

synthe3|s gas. 100 second exchang; in which -
itl is dissolved in A Qthﬁ$Et% R&DEoRY L BOBWPMOL tRt REAGH ATheS-
-priocess of .the present inyv in coynterc rr nt. therewt
“tijon is pr%ferably carried %t The Pﬁg e??%%gﬁ?ygérbﬁuééﬁoaﬁﬁﬂﬁlun

.cdrb t d .40 t l,ut fr
T et SR D, 08 49 2B e g1

srjo- ‘al I'y togeth toth b d
oo, ALl S9Cher Yokl Aol SpBBl 0 40515 ?%dfﬁﬂtg?zzar‘éiis;'reeams,
afmoni a synt hesi £
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ferploy anngnnnnla exchanger 41 where it is vaporized, after which part is

| sent through a pipe 39_to.a carbamate decomposer 38,

S ) - where it is employed as a'strippihg means, and_part.is

sent through a, pipe 4Q-to the bottom of the reactor 35.

;4 ' | - | Inert gases aie discharged from the top of the

| .-. 15 ' reactor 35 through a pipe 36, and a solution'of-urea, wat
| and ammonium carbamate wiﬁh a large excess qf ammonia

"'% "_A - is passed from the reactor 35 through a pipe 37 to the

E ' decomposer 38 where the solution flows downwardly inside

1 tubes and encounters as a countercurrent vaporized

20 '_ ammonia entering the Bottom of the decomposer 38 through

VR PE

the pipe 39. A suitable heating medium is passed into

FY-ATREY

fg o .a jacket through a pipe 45 and leaves:through a pipe'45.
,é ' M' ‘- . In this way, both owing to the stripping effect of the

vaporized ammonia and owing to the heat given to the

25 solution coming from the reactor,lthe decomposition of
_ most of the ammonium carbamate present is effected and it
removal in the gaseous phase, as NH3 and 002, togetneh

with large amounts of ammonia vapour. The decomposition

products of the carbamate are carried by the ammonia
jh 30 " stream through a pipe'44 to the bottom of the reactor 35.

‘The aqueous urea.solution; conbaining the equilibrium

19.
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ton products condensewéﬁhgﬁﬁgp th%?%gﬁr%%e Pgtﬁghagg'a qﬁtﬁ%ga% de31red

~ fbr the carbon 110gy, ge0lcntn Ité'é\ebzﬁé;d@m ﬁﬁ%%esef qendansast gpecgégéﬁge-

.inp the formation of t di ssol uti on *evol ved cou

"whi ch carbamat e cansRgcbReRabd: Rl | athgiohved Bedk AbdETals olnbBe the
aﬁnnnlun1 directly to the urea reactor for dehydratio carbamate are
.spfficiemg to-maintabBombosidiess, i whecHNEaBUILA L HIGR! OBL S 6§ﬂm§2ﬁa@%ﬂ.

nhl bal ance of the urea feactor. The tem conposed according to the

" ptesent invention 115 per guigrder the ilkasteasicotheMprads ey Deveadiohhe
econmposi tion products supplied to adjusted by varying the amount of decom
ne urea reactor totheiret disn piteridepetiat uf 01 postineo Expmille twhichrodfeed to
herei nto, which, therein. 55 is in turn, dependent upon the extent of

b- . However, ‘as hhelrb@eﬁaﬂnefnumermbsfmnetheoap@mmpanyxnvLdmeumngd
arbanate may vary going, the process of the present invention. 120 from
50 to 250[err] C. and the pressure t hegEBAMPLEs particul arly ‘suitable for

5e in an inte- may vary from 100 to 250 kg/cn{err] The solu- grated urea
hd annnﬁ“h syntheS|s pi anffhe toperative data are for a plant hav1ng a canac’

-

QL:lécth*?J;t

corresponding to 1000 tons per day of ammonla, 990 tons DE

day of which are transformed 'into ammonium carbamate to
be converted into 1700 tons of urea per daj, and 10 tons
of which are available for other uses. o

= 15 . - Inbto the exchéngef 2 were introduced:

- through the pipe 1, raw srnthes1s gas hav1ng the follom:
characteristics: . ST ' N
flow. _ '-151 900 Nma/h. (cublc metres (measured

under standard cond1t¢ons)

X 20 | | | : : o per hour)
% -. pressure 200 kg/cm abs.
: temperatﬁre- . 125 %¢.
Gomposition: _
o B, - . 6122 % 7Vol.
1. 3 o 0,3
e,
N, 19.95° . "
cE, - 050 ¢

k - A | L 0.24 . n

20,
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_ }C rbamate stated pféoWously and, in some, case

'}“"’ " . = through the pipe 26, ammonia solution having the
tfon of urea and ammoni-um carbamate which - is not ‘necessary to work in the
“apmoni a- syn- 160 i sEad3onivgy chenanterisbibcarea reactor.flows, thesis.
reactor at pressures-at high as those for exanple under gravity to the .
NB 8660i sl TEZ'gl deconposer.
erein it is. heated by suitable possible to work at substantial ly | omer
~ ‘pies: heating neanscomﬁpséﬁéﬁﬁle a heating f|UId sures. In the case of
'.ahnnnla synthhesis at_in a surrounding jacket. g %N lecomposer,  low
pressure,?the- separgggon of the ammonia 65 . gasez 3 ﬁ[@MﬂWQ%ﬁP?IOM/ln
 chuntercurrent ‘and : fron1 t he other conponents 05 Et gasgpus - 9 .
N 0 92 h

359, 715 . ' Hg e ammoni um car bamate
ih the urea reactor_ wherein the I|qU|d ammoni a ied to the to form
ugea and obtaln f r omrPER 5¢@5‘?eactor bot t om: oh@% dr bamat-e reactor and

_th? - = through the pipe 27 llquld)ammonla hav1n0 the followmo
characterlstlcs , - '
0 - . flew 8500 kg/n
- B .'.temperature | - 40 OC;‘
| | - From the same exchanrer 2 came oub:
" - through the pipe 2%, carbamate and ammonla solution
'-; . having the-followina_charagteristiqsz
'f 15 | temperétﬁre : | 150 oC.
: £low 119050 - kg/n
z Composition ' _ |
] NH, COO NH, | 80.00 % by weight
Wy, 590 v |
20 _H20 _ - 44 10 ©
| | - through the pipe 3, decarbonated gas having the followis
; characteristics: _
| flow . 154,900 Wm’/n
? témperafure | | - 75 Og, _
é - 25 ..pressuré'. - | | 199,9 kg/cm2 abé.
= 'Ha | ._ - . 60.02 % by volunme
3 co o 038 m
] - Né :-: : . . : ..' o 19.58 _."
; | cE, . = -t" - 0.49 | n
3 30 A ' o - - 0.23 "
| | NE; . ' S o _jé.;o n




, The heat of reactlon, consis t:Lno of 14,500,000
n_agqueous sol ution contai ning urea and gas water or dllprehaqme¢M$
%m"mnl a i's suppl i ekeaihéh stwag nécowemdg&:aes;minghl’arbondt boiletro feeadlimg
) t.he carbamate reactor. 5 act ants- in the process; deconposing, in a de-
_ﬂ2 A process ‘as clvabex op hﬂyﬂéﬁeCof' 70 conposer, ameni um car bamat e
ich re- Cainms 3 to 11, wherein part of the gaseous nains -undehydrated
. after passage through the Inbo| tbet exchangar a tphrpdyecedeeactor
,.wrea reactor, and supplying at | east part of is vented, after passage
* ther eof $hrough t he- tFeCeRegdNbBSi PLHR ﬂrodﬂﬁﬁﬁﬁrﬁﬁ@émglﬁth§30@b§&ﬁmﬁynﬁhﬁs‘"
: gPseous phase to the urea reactor se that the 13. A process as .cl ai ned
" tjn any one "of 75 Reasker oprnghbaNdng &h3(§9%ﬁ?Y#P%f°¥ﬂ§a€ erisgigisis 3 to
12 wher ei n the netfani sed bamate which is deconpo e
-gaseous” product of é@@“ contact i ng under goes heat§£€g 6§&d g@??gn and
3:d¥sso|ut|on of the _heat: exchange with the yet-to-be nﬁéganlgg? ca&b nate
“deconposi tion prodd®¥ESFRTEYf fi ci ent . ‘gaseous product sai 686 a&9%y

.16 to supply the at_needed for nalntaining' - 14. rocegs as clalned
it any one of r%Bempera ure : - | AAB .&,

10 Gomposition-" _ o |
CH, .7 5612 % by vol.
B N
iy | A - - . 240
s a5 W BT T o0 v |
-~ through the pipe 10, methanated gas having the following
i ' characteristics: | o _ |
| flow | 141,960 Nm3/h \
: - | _ pressure - ;.; 498 atmospheres absolu
20 temperature | o ~°C.
1 ' Composition - -
: | B, . - 64.26 % vol.
R O
| CH, —— 0.9% "
25 ° . A - 0.25 % vol.
f'; L NEy | o T 1348

F - = "through the pipe 28, water having the following

_characteristics:
flow - o 16290 kg/h

30 - temperature _' , | e'_’40- .

22,
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'.the’Content

.Zt

1its of the urea reactor at the de- Caims 3:to 12, wherein-the .
®t hani sed hydr at i oBrpBnlcasgme Exehanger bddubberee vergaddaighangelict of .

id contacting is also f:ed covering the urea-contairning solution from to

the absorber to renovEhzengh Hhentnipaclb whsznthagisy ges daviagnmenfollowing
;carbamat e )
" ptocess as clai med Phagpeberd slicss ponents and separated-therefrom: and

sub- "

c
a,
t
ot
9
a
aJ

Coe .
ot o St G 10

t her ei n.

. UOaim 3tol
t he gaseous product

20 has bheen.deconposed into its gaseous com. .15 A

" wherein the gaseous effluent ;jecting tq npthanation
§1P|"’om t he ammoni a synthesis .r eéjé.@oq s i d}l'bf said

aTer nBa sol ut i on BFERSHEE raw synihesis gas, ro-  pdlyage GRMRTILERPELERSOLY
he anmoni a ab- 25 _nopvin the anmonia entrained in. saig,sorber and. :
pe venting off of B8PP95%tPﬁ' 90_gaseous.prpductiand §hbjec§{hg the- o
o comr essi on be- COMMMBATAH i nesi s r eactor . fore supplying it to the
1nphfa synthesis H216'. A prqcess_a§ cLa$?pd-in-C|qimB7y61 % byivolume
N, . e v
10 CH4 . _ - _ 7.97 n
o U '{ﬁ.:‘ . t2018 0 m
W, L om0 w
. water L -0 .200 kg/h
| - through the pipe 29, venting gas having the follbwing
.15 characteristics:
| flow | | - 521000  NoP/h
preséure - ' 195 kg/cm? absolute“
temperature | o , '—47 _;°d. |
-Composition | ) - _
20 . Hy . 66,00 % by weight
' N, _J- ’_— 22.00 "
CHy | o . 7.85 "
A o . 25w
me, 200 v
25 HZ0 - - o "3_ . ppm
The-gas in pipe 13,after the recovery of the
.-refrigeratiqn units in apparatus 14, was compressed by
the compressor 18 to 207 kg/cm® -absolute &nd forwarded to
.'*thé~syntheéis'reactor 20, | |
| 30 | Do the urea - reacﬁbrfBS,—running at a:pressure
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of "195 kg/cm™ and capable "of obtaining a 70% conversioxz,
act or. ' wherein the noist feed stream -
dehydrated 30~ uWerp §ﬁ@§ess as claimed in Caim3, where- - by  ° N
ecting the sane. with liquid amonia 95 in the pressure is substantially

the same in and parrrﬁhryusar§aannaﬂqy2%uaweeé£pﬁgcérﬁdtﬁéﬂhﬁ@%ﬁﬁnﬁn%.amzénl
sy -

ht hesi s Teact or, absorber car- _ammoni a content thereof to cause -

hdensa- bamate reaPdRtifPea reactor and annnnrun1 tion of thé noisture.
bamat e deconposer cess.as clained jn
im 165 35 Bhse@se Fhe DiRRdSn EhE FERTCIRG CAThME ehabion
ection of annDnr sal d press n the range of fron1

% eded by a ot ep e Ehe o iaiins HETecSeptetien

f eam i s. cool ed by gf % exchange with the 6. A- proc§§§56 din Clalm
where- dehydrate PHed streamto-effect. par t.ial I n t erating

pssure i s not the nsation of the: nnrsture form a dilute 40 .
of ‘the ammoni a s@gﬁﬁgkatuggactor absorber aqueou annnnra sol ution..
6 car bamat e reacto&omﬂbgat&%%etor and ammo-- 18. A process as clarned
Claim 16 or
10 -002 _ 5 | 50.9 . by Welght
o NE o o 39,0 u
H20 . - %0.1 on
- through the plpe 40 ammonia hav1no the follow1ng
characterlstlcs e |
15 flow N - 34980  kg/h
. temperature - 40 . %,

~ through the pipe 44, vapours coming out from the

decomposer 38. having the following characteristics:

| S flow - 119370 ke/n
20 temperature | 490 - %%.
. Composition _ ' T |
co, . : - o _7.9 % by weight
.
- H20 - | ' - 6.8 '
25 - PFrom the same'reactor there is discharged, through the I
| 37, the urea solutlon having the following characte* ic
- flow - 309545 | kg/h
temperatufe _ | 180 - .
'Composifioﬁ | . _. : _
30 €O, - R '_-:f,n37.2 % by weight

2"..
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cycled
act or .

18.5 % by weight

um car bamat e . deconﬁ%ser : 17 ‘wherein the feed stream is .
pj ected to 7. A précess as clalned in Cla|n16 wher e- 23aOgas/IﬂhU|d : '
paration after a condensation in the operating pressures in said

of the npisture Foogepaecadeconpreent 38t tdens lsbddsichangeal 'bhrouf“h

conposer are in the range aqueous solution of ammonia from a dried 110
om 30 to 300 kg/crihe pipe 47,.the urea gekubieneawhiehr ceme bemsnt to a
ht hesis re- 8. A process as clalned in any one of _actor. Clainms 3 to 7,
erein the synt hes.glee% treagmentyr fossing stle of pbloWang sharapdenigiics:
ch carbon di-oxi de_has been renmoved wherein the ﬁg %entraied gueous
ution of 50 in thkO¥arbamate reactor, i's passed 8

xed-wi th said urea-containin 115 densatlon unit in ﬁhich t of the
sol ution. WeBPGRPEHTPt has become saturated £

pcess as clained in Cai 17, 1S carbamate reactor is condensed and
or 19, wheY®TROPH ign ute aqueous anmoni a to the carbamate

Z_con |Jﬂfmn|a i's

Othe ©C+0. A

sol ution resultlng from sald hget/eﬁ)han

| 00, tht
10 NH3 : B '-7.i. o 30 5 1 ' '
Cme o me
Urea . S 37,0 "

The heat requirement ef the decomposer 38-was

satlsfled by sending through the pipe 45, 55000 xg/n

15 of steam at 40 kg/cm .

- In the present Example, no vaporized'Nﬁ3 was sent

to the decomposer 38 through the pipe 39.

s,
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b 9. A process as clalned in Cla|n1 8, in step,'is'nixed with said-

ea-cant.aining sol u- 1201Mu i!éf@bEQQd?B§e%H@“E¥H&hd€i6£Caflﬁge tion.

e bottom of the carbamat'e re rocess as C alne% in any

e of 10. A proce%%m%%a eiiJrEéi fﬁ@ﬂysﬁﬁﬁe%eﬁéﬁq Rf%&hr@lékﬁag‘sa_s reacted

erein urea is separ - to 9, wherein the concentrated ated from.

e urea-contai.ningps@ ‘i‘tlﬂﬂ: W%ﬁgamaﬁ@ﬁ"e%.c%rﬂm@ﬁh pé&%’éﬁﬁrh'&eahe
sorber .is.recycled to the urea reactor. I's subjected to

actional distill algu@d s atedlia t82foi\mpe@casﬁ1m§@¢m@hbﬂ 38y a@idrfun
e liqurd anmonia for reaction with.carbon di- = preceding clains, wherein

moni a is addi - oxiad®anmiidipe ed bamaeeondactten vﬁmt-ermeth@ramﬁmg&&bx y
pplied to the urea reactor to main- dilute aqueous anmoni a.

i n an excess of sambemRithes® DorHisd isl8ehirdnarioet sin o5 séaonﬂdornuﬂenln
),. - 23. A process as claimed in any one of 130 :
o reactor to form urea, in which process unreacted carbamate
' present in the 11qu1d phase urea-containing solution from
'the'second reactor is decomposed and the decomposition |
products so formed arg_recycled in the gasebus phase to
said second reactor to supply the heat required to
E maeintain the contents thereof at the dehydration temperatic

_-of the carbamete, and recovering urea from said solution.

2. A process as claimed in Claim 1, wherein the
carbon dioxide flows in counterflow with the concentrated

- aqueous ammonia in the first reactor.

. 5.-.An integrated process for thelproduction of ures
‘conprising the steps-of carrying out, in an absorber,
absorption in water or in a dilute solubtion of aﬁmoria,
‘the ammonia present in the gaseous effluent from an ammoni:

synthesis reactor to obtain a concentrated ammonia -

v e
TR T PL A NI

FrOOPNT

S e
, .

solution', in a carbamate reactor, vassing rav carbon dioxi:
contalnlng synthe31s gas for the synthesis of ammonia
through said concentrated ammonia solution to absord the
carbon dioxide present in the raw synthesis gas, to

- produce a-concentrated solution of'émmonium éarbamate;
'feeding said condentrated ammoniun carbamate.solution‘to

- a urea reactor, dehydrating the ammoniium carbamate in the

26.
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~copling fluid

bm the urea reactor

C;'L ‘M. S ~urea reactorste form urea, decomposing, in a decomposer, |
the preceding clainms, wherein the tenpera- solution_is so maintained by
ssage of cool - td?@mPﬁlpﬁecéﬁhﬁ%ﬁﬁQEWQ%QQd?em§19?oﬁﬁéﬁ@ﬂ@?aqqﬁyqfYﬁH passag
bund t he carbamate reac 30 250[ err '

C. ' . e .
A process. as clEPFBthg%Qﬁyqﬁﬁg(ﬂ %ﬁﬁgybpﬁﬂée§gP§;$HQ§IﬁﬁfiQFQEQr%héon

| A process ss ol shRHEInTRAY TRE pFO2:EUDRITONE Hhe IR eiLon
rein Uhe tenper G2 ORRG U akPEERAn T GRLGCLEOR SEAENG TP g  FoS | heat of

b urea reactor is,from 150,.to_ 25 r.r] ~gas_through.the,.concentr.ate
.decompogltlon é%‘%hé amifonivh ggrbamaﬁg(ﬁﬁi%;Qﬁ§ csayree

oLk Al e £ET8RGCl 0 o SRRy 88 SR AN R B

e tubes. of which 'sard syn _ “precedi ng clais, ' _ .
pa-con- a film QBl%%iSn?%E%ﬁ?%ﬁE&ﬁP &ré%kﬁ'aﬁ%o@ﬁﬂd“f%?ﬁ&ﬁ&%é?ﬂas
. _ escends “tion pass 1Tncountercurrent and heat pro-
count ércurrent Wk Bn0asgemp cAEP s d Nit4UgESebiis’ 8B dM PasF NdeBarated
therefrom: and éubjecting to methanation'the gaseous
'product of said contacting of the concentrated ammonia
solution.With the raw synthesis gas, removing the ammoniza
entrained in said gaseous'product_and subjecfing the
~ gaseous product to dehydration and compression before

. supplying it to the ammonia synthesis reactor. .

4, A process as claimed in Claim 3, wherein the.
pressure is the same in the ammonia synthesis reactor,
absorber,carbamate reactor, urea reactor and ammonium

carbamate decomposer,

5. A process as claimed in Claim 4, wherein said

‘pressure is in the range of from 100 to 250,kg/cm2.

6. A process as_claimed in Claim 3, wherein the

operating pressure is not the same in all of the ammonia
synthesis reactor, absorber, carbamate reactor, urea

reactor and ammonium carbamate decomposer.

7. A process as claimed in Claim 6, wherein the
" operating pressures in said reactors, absorber and

;Tde¢6mpoéer are in the range from 30 to BOCkg/cm?;

.27,
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A " 8. .A process as claimed in any one of Claims % %o.

e anmoni um car bamat e deconposer. ‘through a jacket surrounding -

hi d tubes. .40 2§. vhepeidnesheasydtdienis igaanfronewbfich cdxbon pibaxsde has
pr the production of urea, the preceding clains, wherein the quantjpg of
ibst anti al |y as heéennpenovedddactitecakbamate gasedosht dinargsed to a
pconposi tion of the un- reference to the acconpanying draw ng. dehydrated
hmohi .um car banat ecendensp§hon ugdt Arprweiels partt Ré gh@d@@xmwaoftm’mawhlch
5 'supplied to the urea reactor is variable in substantially as descri bed

h the foregoing U5 BrEecbecrae (398 uRaiRRE ot ok aRaBbamedR &AL Lor 1s

kanple. 27. A procesg as c¢lained in any, one of 32. Urea, whenever SR
toduced by the préonsgnse eaﬁ‘rdeé‘&ﬁﬁ?él%dra??rs?h%%?é%ﬁl@ﬁﬁ FEASHAE cess
ained in any one.of the preceding ture of the carbamate sol ution being
rmed clainms. in the ca baniye react or iS“nai%&aLne% 1,ons

i.n | re
tenperature above that &t Prq%ﬁ§§J%$E31%%R &> .?aﬁﬁ}%L e gﬁHﬁhigﬁﬁ
Arbamat e CryStarlégﬁaensed ammoﬁ%guf§”5%£§?isattég%ﬂgsbottpm_of the carbamast

reactor.

~

10. A'procéss as'claimed in 5ny dﬁe of Claims 3 to
9, wherein the concentrated smmonia solution produced in
the absorber is subjected to'fractiénal distillatibn o
yield liguid ammonia for reaction with carbon dioxide iﬁ

the carbamate reactor, and water or dilute aqueous ammoria.

11. A process as claimed in Claim 10, wherein -
the liquid ammonia is supplied to the bottom of the
carbamate reactor and the water or dilute agueous ammonia

is supplied to the top of the carbamate reactor.

12. A process as claimed in any one of Claims to
Y J

11, vwherein part of the gaseous effluent from the ammonia

'synthesis reactor is vented, after passage thereof throuza

the absorbe:.

\
IR L, T

Y

it

il

13, A process as claimed in any one of Claims.3 to

i ———et

- 12,  wherein the methanised gaseous product of said
contacting vndergoes heat exchanze with the yet-to-be

methanised gaseous product of said contacting.

14, A process as claimed in any one of Claims 3 to-
12, wherein the methanised .gaseous product of said conbtact-
ing is also fed to the absorber to remove ammonia entrained

therein.

o8.
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15. A process as claimed in Claim 13, or Claim 413,

_ZBd out, dependlng on its concentraticon in said 28, Sout hanpt on
‘Byi | di ngs, regionsor 14 when aopendant to Claim 13, wherein the gaseous

- .Chancery Lane, 28. A- _process as clained in Caim 27,
- "Léndon, W C. 2. whee&fduend t@%r'@)@@lrmﬂnﬂ-ﬁe%’a&%ﬁﬁ%% reactor is rdeds with

for the Applicants, Printed for Her Maj est iopery Ofice, _
~Courier Press. Leaﬁhﬁg%ﬁ@ﬁﬁ-s‘i@ﬁas?’m&ﬁ W@@‘-‘&} ﬁ“f&?%;ws@?i?8¥, -[°?5’h throu:
-dfﬁggrﬁggton BUIldlt 3 ﬂéﬁ% oY gggptﬁe Ven%&%E‘M¥#: é“%ﬁﬁ? g?ytgg former, to

‘ ' produce the meist"feed'stream'to the ammonia syhthesis

reactor.

16.. fA pfocesslas elaimed-in.01aim 45,'wherein the
moist feed stream is dehydfated.by injeetiﬁg'the seme with
liquid ammonieland'partially adiabatically_evaporating_
off the ammonia.content thereof toieause condensetion

- of the moisture.

A _ ' o 17. A process'as clalmed in Clalm 16, whereln
'the injection of ammonia is preceded by a step in whlch
the moist feed streem is cooled by heat exchange with the
dehydrated feed stream to effect partial condensation of’

‘the moisture to form a dilute aqueous ammonia solution.

18. A process as claimed in Claim 16 or 17, wherei:
the feed stream is subjected to a gas/liquid separation
L . _ after'condensa ion of tbe moisture %to separate ‘a
N concentrated agueous solutlon of ammonia from-a dried feed

stream for the ammonia synthesis reactor.
i ' _ - 19, A process as claimed in Claim 18, wherein the
q{ _ - concenbtrated aqueous solution of amnonia is mixed with

] ' said urea-containinz solution.

| .2

o e e o



A

™

. al e
AT T N

Iy

sl

Ve &£ PLOCCOS ab CLALIACG 1L vlidlil 1/4 1O O 174 -

" wherein the dilute aqueous ammonia'SOlution resulting fro&

-sald heat exchange stee, is mlxed with said urea-vontal ing

solution.

24. A proceso as claimed in any one of the precediy

clalms, whereln urea is separated from the urea—contalnl

- solution which is recycled to the urea reactor.

urea reactor to maintain an excess of ammonia therein.

22. A process as claimed in any ohe of the precedis

claim , . wherein ammonia is addl 1onally supnl;ed to the

23. A process as claimed in any one of the brecediz

claims, wherein the temperature in the carbamate reactor

“is from 100 to 250°C.

24, A process as claimed in aﬁy one of the precedir

c¢laims, wherein the temperature in the urea reactor is

from 150 to 250°C.

-

25. A process as claimed in any one of the precedir

- claims, wherein the urea-containing solution from the ursa

reactor descends in countercurrent with gaseous ammoniz in

the ammonium carbamate decomposer.

26, A process as claimed in any one of tne precedi:

‘claims, wherein the gquantity of gases obtained by

decomposition of undehydrated ammonium carbamate and which
SLeCOoMPoSitlon Ol undenydraied ammonlumn

is supplied to the urea reactor is variable in order that

- the dehydration can be regulated.

| 20,
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'ammonlum carbamaoe crystalllzes out, dependlng on its

prec:ed:.rwT clalmo, wherelnﬁhe temperature of the carbamate
solutlon being formed in the carbamhte reacto*, is maintzir
in all reglons, at a temperature above that at whlch tuv:

4

concentration in said regions.

,28. JA process as c]almed in “1a1m 27, wherein th

l.temperature of the carbamate solutlon is so. malntalned by

' passage of coollng fluld.around the carbanmate reactor.

. 29, A Drocess as clalned in any one of. the precedir;
clalms, Wbereln the passage “of tne raw carbon dioxide~

containing sy nthe31s gas. through. the concentrated ammonia_

Isolution is effected in a verbtical tube exchsnger in the
~ tubes of which said synthesis gas and a film of said
'concentrated ammonia'solution*nass in countercurrent and

‘heat produced is removed by passing a coollng fluid throusx:

a gacLet surrounﬂln* said tubes.

30. A process for the production of urea,

substantially as hereinbefore described with reference to

"the accompanying drawing{_-_w

" 31. A process for the production of urea,

substantially as described in the foregoing Example.

32, Urea, whenever produced by the process claimed

in any one of the preceding claims.

Co HASELTINE, LAKE & CO.,

- Chartered Patent Agents,
+ 28, Southampton Buildings,
*  Chancerxry T- 1e,
London, W. .2

Agents for the Applicénts;
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