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INTRODUCTION

MaJor nollatante e o yran nlant wes ammenia and vwren, 1 those
pollubants are wuught and recycled back to the proces: in efficlent manner,
'
then the emisgicn of poilutanty Lo atmosphoere and Adraineage can be reduced
with additional merits lhat ihe iaw naterial counsunpition, especinily ammonis

consumption per tnun of product urea, wi!l be impreved at Lhe expense of

slight Juerease of utilitipr consumption,

Firat of &ll, sourcer of po.lution in a urea plant were reinvestigated
and classified inte a kini of cvollutanta-r wmely, urem, amnonias and oll ete,
—, t kind of pollution — elther to air - water —, and duration of pollu-
tion - whether continuously or intermitter.ly. UHased on the above phlloso-
phy, various poliuiion control methods and “ystems have been scrutinized,
tested and developed by us. The pellution control gystems thus developed
and incorporated Into the standard design of our urea procees, which meet

the recent requirement. ir cuvicoes e profectioa, uwo introduced hersin-

atter.

A manjor cuncern uf alr poilution in s urew plant is urea dust contuined
L the effivent from ‘he prilling tower. The wost Aifficult polnt to handle
this poliution problem 35 thut very fine dust of urea {s carrted ir u huge
amount of hot air throusl the pritling towsr which is about. 400,000 = 4A), 00
NmB/hr for a 1,000 MTFE ures plant.  The newly developed dedusting system by
us, wel scrubbing mcthod in principle, now reducas uren dust content to iwas

than 0 mg/m3 effluert air.

A sujor concern of water poliution in a urea plant is process condensate

waler from a vacuun generating syatem of either & cryulul jzer or nvaporat.r,

In ures synthesis, one molccule f wule: fo formed b one muiscu e of urea,




which ls to be separated in elither s crystallizer or evaporator together with
the water used as absorbent in a recovery section. The above separated water
usunily entrains very omi!l amount nf urea mist, ammonia and carbon dioxide,
which has been a major concern of water pollution in a urea piant. By ouvr
sophlsticated design of the vacuum 'generat,i ng system, two kinde of process
condengate can be obtuined, namely, & condensate rich in urea which is used
45 8 scrubbing urea solution in the above mentioned deduating system undl the
balunce rich in ummonia and carbon dioxide which is used as an absorbent
solution in the rovery soction or sent to a stripper fur recovery of ammonia

and earbon dioxide by steam stripping. By thie way, the reduced amount of

condensate to drainage containg less than 200 ppm of ammonia.

Thus, by vombining our newly developed prilling tower dedusting system
with sophisticated design of ths vacuum generating system, two major pollu-
tion probleme in a urea plant are now solved simultaneously in a very effi-

clent manner. This system has been successfully proven in our 1,500 MTPD

urea plant, in Osaka, Jupan vhich was started up in 1969.

e e
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1, WRFA PROCESS PESCRTPTION IN GENERAL

To assist widerstanding of the following main description, urea process
{s very briefly explalned herein taking Mitsui Toatsu Total Recycle C=Improved

Process as example which ic shown in Figure [.

For the convenience of expianstion, urea process can be divided into
three sections, namely, synthesis, decomposit ion/recuvery and finlshing

section,

In synthesis section, urea 1s synthesized by the highly exotnermic
reaction of ammonia fed from ammonia pumpe, carbon dioxide fed from i,
conpressor and recycle curbamate solution to form ammoniuns carbamate with
subsequent. slightly endothermic dehydration of Lhe ammonium carbamate to form

urea. The resctions are reversible and can not. be compicted in one-pass.

The principa! variabies affecting the reaction are temperature, pressure,
feed compogition and reaction uinmc. it cai. be generslty sald that higher
temperalure and pressure favor the conversion, ac do more excess ammonia and
less water in the feed. Hheuction conditions in commercigi inglzllatione
range between 180-220°C and 150-420 atm. with Wiy/i0q mele rati in the feed
between 2.6-5. The rosulting une-pass conversion of eerbon dioxide to urea

varies belwecn 55-807.

Accordingly, the reaction products ¢ saeist o urea, ammonium carbamate,
wvater and excesc ammonin, Jubreauent procesning s required in demmmu.',lon/
recovery section to neparate ureca from Lne reaction pr.diacts, and Lo recyt'e

ammoniwe carbamate and excess amnonia tach to the synthesis section,

Basic differences wmong the varicus oxiiting urea processes ite in the

melliods . sepursting un-converted ame nium carbavote anl excess ammonia from
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the wren s tutlon d Ta e Cvrms of recyeling those separniod ummeniwy

carunicbe cod oy Ln semeonin raek e Uhe raeasto.r,

Ctaernt gy e o teiioa Vrer L aren reactor magh be healed Lo decomposs
G Tt T N G e L e e
The decor ool nr daets e ov Ve us o holl, ruceug mixture of arnonis,
carborn dicaide sad water, andonirable gide reasction - urea hydrolysis and

Qiurat. furiihion - should be owlnimised auaring thie step,

corterge he ool ga by enliing with some addition of water and to
recyele The rocalting contageate o nLion Yok inie Lhe re..ctor is now the
Sewbcaed foroww Lianis. e Lhoaet there are obvicus disudvantages that con-
verslon s reduced by recyeling waler L the reactor ard that the recycle

solution pung i rosuired, various nrecesees huve been developed.

Those virlows pr cedse. have Lpprrently simiiar major steps. The reac-
tion prodisiy we kented through tuo cr theee Stages of decomposition at
stepwice!y lawer precoure "ove 5, “noeacb ctase, lLhe evolved gas mixture is
WOSOFDEA WOk Gownion condetead Ta o ater stoge and the resulting solu-
oncare pumed oeer b W poreLor. Me uXCess ulk nia pasces through the

abi vbaers, und 1o 0

Sy condensed Tu wmmonia ¢ ondensers to b9 recycled back
to the reactors The irert gas accocpanived in make~ap COn gas 1y finally

verted Lo ateocphere ofor sarbuing amronia in it,

‘here e, however, concideraile lilferences anong Lhose processes from
the vicwpoinite of prcosure ond b Lare idvels, ejuioment arrangement and
PRl e e Pevent verga n g L. g Stripping gus, either armonia,

carl . g axide r oinere pag In sope gtupe of Jecomposition,

v Pinisaing cection, beut 7% Al.7 uren soluti oo -eaving the decompost-

¢

ion ceetion Dy further processed to 'ie prodact,  The cheice of two proceases,
-
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olther direct prilling (evaporetion - prilling) or crystallizaticn {crystal
remelt - prilling) depends sclely upon the requirements for product quality
und grade. In any case, the urea solutlon is concentrated up to 99.7 wt.”
under vacuum or in combinatlon of vucuum snd atmospheric hot air stripping.
i'rea meit of more than 99.7 wi.# concentration is formed to prills while

descending Lhrough the prilling tower as droplets and being conled counter

currei.l i by ascending air.




11, SOURGKS OF PULLETLION TN 4 HREA PLANT

Scurcea of potlutios in A uran plan’. are briefly reviewed helow.

A. _Lonlintvus 56 rve

(a) Conden:a‘e drain from (0, compressor; which ls coritaminated by dis-

sulved curbon dioxlide and oil and Lo be collected into oil separation
pit Vefore Loing drained tr sewsr.

{b) Giand ~oo!ing water from Nty feud pumps; which is contaminated by
ammotla and ciloand to Le o llected into process water pit for oil
scparaticon befurs being 1ecycled to the process for recovery of
nimonta. The tolsi amount of pland ocling water and degree of
contamination depend -n type of pump and walntenance,

(e) Gland co0liag water from varioue centrifugal pumpss which is contami-
nated by troce of uren, ammonis, carbon dloxide and oil and to be
csllected into process vater pit for oil separation before being
recycled tn the prvene. The tota! amount of gland cocling water
and degree «f contumingtion depend on type of seal used for the pumps
and thelr ~aictenance.

(d) Procese condensate frow a vacuum concentrator; to be dimcussed later
in thig paper.

(e) Urwa dust in proumatic convey,r effluentj to be treated together vith
effluert of the priiling tuwer.

(f) Urea dust in priliing tover effiusnt; (o ba discussed later in this
paper.

(k) Purge gas from the ammonis recovery abourber) the inert gas (mainly
nitregen ani nydrogen) accempanied in meke-up 00y as impurity gas and

air Infected for cocposion prolection are finglly vented to atsosphere

after recovering ummonle in the ammontia secovery absorber. So, total
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amount of gas vented to atmosphere and accempanying loss of anmonia
with it depand on purity of make~up Cly wnd ameunt of air injected
for corrosion protection,  The loss of ammonia vented to atmosphere
wils range from O.2 MIFD where titanium is used for reactor Tining

to 0.6 MTPD) where air is heavily injected to protect stainless steel
eguipnent operated under synthesie pressure. It should be further
mentioned that more ammonia rich pas is vented to atmosphere in order

to avoid explosive gas mixture if heavy air injection is used.

B, Intermitteni Juurce

(h) Washing water from urea filter (if tnstalled).
(1) Floor washing water.

(j) Blow from safety vualve.

(x) Start-up and shutdown draining from process equipment.,

The {requency »f above cases depends on stability of plant operation
and process design itself. If the compogitinn of solution is so designed
to huve high freczing point and corrosive nature, the soluticn in high pres-

sure vessels should be dumped into atmocpheric holding tenk after dilution

even during short time shutdown.




hbe PRILLING iOWEn DEDIDTING ot

The size of uren dust in the pritling tower effluen' distributes From
Lotrmierons Lo e mivpous, as showi in Figure i. The origin of
Lhwse uren duct s atomnisd moiten ures ane undersized on crushed prills.

Thene nre carricd avuy vy o higher aie veloeity of «e wadiag air through the

wePe the pariicle rive ot Lhe lalter is relatively large, tut the former '

neinost resembles o Cume,  Both sizes of dust car eause sir poilution resuite
'rooan direc’ hamn Lo niants or low visibility. 1le amount. of urea dust
cietabied in the enitiod uir varies within o range of 500 Lo 1,000 mg/."im3

ot Lover . withoul any treatient. Natura:ly, higher dast scntent

viol e carriea wita Wigher qir ve'ocitics.
Vari e primitive ud sinpie fevicer have been tried vo sbate pollution
[N 0 oy

o LG anture st Lder Whoece he maxinum a; Lowable pressure drop l:=
LY o tew T TRebere of iler S, Une 0f Lhe reiatively successful

BCRLUTLL DT contpe e e and T e nn Tind e T-type A vioo with haf'fle

[

Wl waler euriabn cyncaor as shown ia Figure (0., The exhaust air igs
riest o implreed with the batco ol Lo barn its direction downward toward
the scurliee o 3 watey supy und the pasaed thr o yi & vater curtalsn before
veniing b the atmosphere.  This cyetem Ls cimpie and effective for re.atively
sargal cize of posticicn, which ape eucy Lo separuve by the gravitational
cedimcn alion, and peguires very ol presoure drep. therefore, it i
Feaerally applied w0 uatural darst't Lowers, The efticiency of this ayslem,
Beslver, for cmais aust oudiug T Lawg A0 - o we/lee .t ures is still
ctataed 0 the Fluert e,

“he modi Cieation o apes PeLitoog tower dedusting systems s 1imited by

terta,n technteal ung coonuniced! J BTN

.

\ I . . .
Lar The amoubt O Ll o he hand.ec ts magLive,
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(b) Urea dust contains extremely fine particles partially under 10 microns
in diameter.

(c) The pressure drop available or ailowable in such a aystem is very
smallj only a few millimetera In natura; draft towers, and approxi-

mately 50 mm wster gauge in forced ventilation Lowera.

It is, therefore, essential tha! maximum collection efficiency with
minimun pressurs drop at lowest cost be deolgnad into this system. For
handling s hydroscopic and water-soluble msterial such as ures in e dust
separator, a wet-type saparators is normally preferable to avoid plugging

which occurs in the dry-type. A dry cyclicne is not so effsctive for very

fine dust such as prilling tower effluent in spite of a fairy high pressure

drop requirement.

In a wet-type system, on the other hand, effective separation of second-
arily emitted mist !'s vary important, se 13 the wvashing efficiency. The
experimental spray tower, with the minimun pressure dror, was selected for
further study as shown in Pigure IV. Pruper selection of the second stage
pist olimiiat r vas very importeut, A sizple construction such as wire mesh
had too iow an officiency, and a fibrous ded required too high a pressure
drop. After a series of trials, a nev material, porous resin foam, wae found
as one of the best materials for mist-eliminstor. With this material, small
droplets were coalesoed in the pdroul foan and resultant large droplot'u vere
separated at the fore or rear su-face of ihe filter. Unoollected dust in the
spray zone was dissolved intc the coalesced dropleta at the same time. It
ves found that these functions could be achieved with relatively ssall pres-

sure drop.

The successful resulte of the pilot plant Lest ware immediately applied
to the mvdification of the existing scrubber in the 1,500 MTPD our Osaka urea




plant. The following design basis wus urad to arrive at a Aust contemt of
30 ng/tm” at the scrubber exit:
Flow Tate ol 2li seeee.oeerononnsoerosecnonnes 500,000 Km}/hr
Liquid/gas ratio Peerreeciieniietiineees 105 - 2,0 11t/m3
Collection efficiency in spray zone .......... 90 - 96%
Uverall collection efficlency ..vevveviivivee. 95 = 99%
A sketch of this improved deduating apparatux is shown in Figure V. The

followings are the performarce data derived in the apparatus,

Flow Rato Urea Dust Content Overall Total Pressure
of Alr ng/Ne3 Collection Drop
Nn- /hr Inlet Exit Eff, % mm Hy0

Sso,m s 000000 1’330 LR WA A 28 trse 000 98 sess s 0 0 39
500,000 svovienae 398 tiiiiiiie 10 tiiinnee 97 ivinnnn. 35

This improved dedusting apparatus bas been running quite satisfactorily
since 1970 and the name systam hae algo been used since 1972 {n a 1,000 MTPD
urea plant in Japan with similar Jperating efficiency. Since then, the same
dedvsting aystem has been incorporated Lo ihe &imiward Guoign of the pril-
llng tover and in inntalled in tha roncentric circle opening of efflusnt air

axit at the top of the prilling tower.

Such effluent as that from a urea crystals preumatic conveyor to the top
of the prilling tower which again contains fine crystals of ures and/or as
that from a hot air etripping type urea solution evaporator vhich contains
'rea nigl, can be led into the sbove system for dedusting at the same time.

Amionia, being formed by bluret formation and em!tted to air from drop-
iots while falling through the prilling tower, can not be recovered in this
dedusting system, because its concentratioi is 80 lov as less than 20 mg-

NH3/Nad effiuent alr from the priliing tower which corresponde to less than
0.2 NTPD NHy 1oss, -
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1V. PROCESS CONDENCATE FROM A VACUUM CONCENTRATOR

In urea synthesis, cue mol, of vater is formed o cre mol. of urea.
This by-prodnced water is to be weparatud In o evuporation cystem topether
with the water used us an cbsorbont to rceover unreacted ammonia and carbon
dioxide in the recovery sectinn. ‘he above water evuperated usuatly under
vacuum in & concentrator entrains very amail amount of urea migt, ammonia

and carborn dioxide.

In the original design, Lhe above evaporated wuter was cundensed by
direct contact with commer circulating cooling water. Aceordingly, the blow-
down of such cocling water contalned and wao contaminated by urea and ammonia

i the form of nitrogen compourd.

Our rewly develop.d desigsn has foilowing two siternutives to aveid such

wator poliution,

Alternative I: Independert Cooling water Systen lor Baronetric Condenser

A small cooling wuter system lnuependent [rom the cooling water system
for heal exchangers 18 instul'ed for burometric condensers of the vacuum
concentrator. The coo!ing water of thic system wil! be circulated only
belween the barometric condensers sud the ¢ ling water tower. The blow=down
of thig gystem ic used part!y 4s atusorbent of the recovery section and the
balance as make-up water of the prillin: Lower dedusting system, which is

sxplalined aiready.

The combination of this indepeudent ccoliny waler system and the pril-

ling tower dedusting sysiem can peduce remarkably both air aud water pollution,

The defect of this system, however, is thut swe parts f amonia con-

densed into the cuc.ing water escapes ty the tuawsphere whiie heing circulated




through the cooling water tower.

Aiternative 17 Daritec Condenzoer ano Lopwnicllior Systew

More sophistivaled system nus been developed Lo cover the defeet of

Alternative ', inemciy, amwn nis emicsion from the e ling vater tower.

A series ot arfuee condensers with o wish separator repince the barv-
motric condencers for a corcentrator of Alternative I. In the f:rst surface
condenser wilh a nist geparator, almo:t x:) f entriined urea with water
vapor from ihe erystoiliver iz separated and dissn’ved into the condensate
of whick uncunt is so Jdesisued s to be 2juiva.ent, to the process water
required partially un aocorbent of the recovery section and mostly as make-

up water Lo the prilling fouer dedusting sysiem.

The remaining watcr vapor and aceompanied small amount of ammonia and
carbon dioxide guses are cordensed and recovered in the second and third
surfuce condencer.  ‘The condensate is sent Lo the dehiumidifier {eor stripper)
where ammonia and c-rbon dioxide in the caid condencute are siripped out by
heating directly with low prezcure steam ard recove red us overhead gacses to
be ubsorbed in a iow prescare sbaorber. The ciean condensate from the bottom
of the dehimidifier, with contaminarnion »f less than 200 ppm «.f gmmonis, can

be druined out ¢ the sewer.

By this uitersative, virtual 'Y ne watler poitution can be achieved.
Such contwiinated ccoling water from the g-and proekings of pumps und tem-
porary washirty water from process ogipment can be sent to this dehumidifier,

it uecessary,

Tt is puscibie bu very 'mpracticable to try t: hydrclyse urea In the
process condensate. Our atudy show. it needs frllowin;y time, assuming tnjtial

conoentralion .f 0.5% urca, Lo get 80Y of the ures Lo be hydroiized at various
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Vo OONMLLUESTONS

By = ubiatn: the varinua thove-explained puliution abalemant processes
and evuipuent int. 4 cyslem, the fa..owing schemes for puiiation control
system ac chovn i bigure Vioand V11 are cousidercd «e most affective and

economicul, urd have Leen used in recent. ures | AL

A oversst po. iution inoa 1,000 PIG urea prant wiil be reduced to as
belows
(&) Alr poilatiun
e seoialas priliing tower c.ieieen.... less than 0.3 1/D
Amoriia oooos DPIIIINE SoWer L. uvenen.n.. less than C.2 T/D

. *-+e. ummenia recovery ibsorber.. less than C.2 T/D

Tolul ammonia ........ lese than 0.4 T/

(d) Water pcllution
Amionia ..., dehumidifier .o.vuvvvien... 0.06 - 0.1 /D
Natura'!iy, the amount of water e€vap rated in the prilling tower dedusting
system varie:s by seuscnal change nf anbient air, vhich finally affects the

amount of cleaned ¢ondensate from 4 dehuridifier 4o the sewer.

If more sirict po!futi.g regulation ic applied, more sophisticated and
heavy dedusiing ry:lvm und mronia recovery syetes using sulfuric acid can

be applied. Bischemica: method g alis one of vossible methads to solve

wter poliution wore compictlely,
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rla. FLOW SCHEME FOR POLLUTION

Vi

( ALTERNATIVE I )

Decomposition
Section

CONYROL SYSTEM

Small Pumps

Cooli
Water for

Packings

Cland

HQO
Urea
M,
- Dissolving , Urea
Tank
Varuum
Concuntrator
20
! Urea
LB H,0 80 wt.f
I co, Urea 20 wt.%
N to
Barometric — Atmon~
Conder.ser phere
H,0 Air
H?O U;eu Air : H?O
A N Ures | yrea 30mg/Nu3-Air
3 o | M, 20mg/Mmo-Air
002 2
. ""’J._L:T:‘ Blow
Make-up Couvling Water Dawr. Alr
H.0 4 Tower — =
2 ¥ ! 1,0
: : jrea
| | M,
' 1 co
Ar { 2 Recovery
| GIP " Section
20 KRH, CO (4]
’ ’ 3 2 e
to¢ Atmosphers NH3
Co.,
H Special pull.tion contrcl wquipment.
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PIG, VII  PLOW SCHEME POR POLLUTION CONTROL SYSTEM
( ALTERNATIVE II }

Cooling Water
for
.Gland Pncltiu’

Small Pumps

Decomposi tion
(Centrifugal)

Section

Process Pit

Dissolving

Tank — 7" Urea
Hzo 80 wt. %
Urea 20 wt. %
edusling |
System ' r
Ar Ho0
{ Urea Urea 30mg/Mm3-Air
i FH, 20mg/Mel3-Air
Prilling
Tower -==Air
Recovery

Section

|

- - - ———d

H,0
",

Cooling Water
for Glmmd Packing

- —————- s et

- : Special pollution control equipment.
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