600 T/D URCA PLANT
COOPERATIVE FARM CHEMICALS ASSOCIATION
SCOPE

This technical srovesal sets forth the dasign criteria and scope of
work cffered by Chl/Girdler Incorgorsted for a 600 short tons per day
urea plant to be located ¢n the Purchaser's site at Lawrence, Xansas.
The work inciudas the necessary engireering and.ersction services as
well as the procurcment of equipment and materials,

The process teshnicues offered, consisting of Synthesis and SPHERODIZER”
sections, ars proprietary to C&1/Girdlar, The plant is designed to
raceive carbon diexids, liquid ammoria, steam, cooling watar, éﬁﬁtrum&nt
air, plant air, and electrical power and to veturn SPHERQDIZER™ granu-
lated urea product, steam condensate, ccoling weter and drainage which
includes process condensate containing appreximately 200 pom of anmonia.
The design gonforms to C&I/Girdler specifications and standards except
as cotherwise noted,

© Registered trademark,
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60C T/0 UREA PLANT
COOPERATIVE FARM CREMICALS ASSGCIATION

PROCESS DESCRIPTICH

ivxide containing less than one part per wiTlicr af nydrogen sui-
1 voceived at the battery limits of the urea plant at 2 temperature

26°F and at a pressure of 3300 psig, small quantity of air is added

whe cerbon dionide to protect the r'nacw* l.nina Liguid enhiydrous
iz and rec"clad ammonium carbamate sclution are pumped sepcrctew to

'a psig in sicw speed, hesvy duty recipirccating pumgs of a special design.

n the reactor the ammonia and carbon dioxide reect to form awwaﬁ*un carbanste,
& portion of which dehydrater to ferm urea and weter, The reatticns are

a5 Tajlowse:

2NHg + €0, =% hH,COGNH,
NE2COONR, m NH,CONH, + HoO

The first reaction occurs rapidly and goes to completion, The second
reaction opcurs slowly and controls the reactor volume. The frecticn of
ammenium carbamste that dehydrates is determined by the reties of the
varicus rvazueris, the operating temperature and the rvesidence time in the
roactor. The mel ratio of ammonia to carbon dioxide is around 4 to 1,

The veacter temparature s maintained arcund 375F by varying the amronia
sreheat tenparsture, The cenversion of carbon dicxide to ures undsr the
copgditions i3 approximately €7% per pass based on the tctal equivalent
carbon dicxide presant.

The reaction melt, which consists of urea, water, frée ammonia and ammonium
cargamate, Flows through the let~down vaive to the steam healsd high prese
sure decomnoser where essentially ¢l1 the excess ammonia is {lashad or
uaa)ed et and & large fraction of the amuonium carbamate is czcomposed back
ro gaseeus amnonia and carbon dioxide, These gases, aftier being ssparated
fr-m the solution, flow o the high pressure abserber for recovery, The
olution figws 1o the steam heated iow pressure decomposer where much of
the remaining ammonium carbamate is decomposed, The overhead gases fiow to
the Tow pressurs codlers and are recovered. The solution from the low pressure
decomposer flows ©o the gas separator where most of the last remaining traces
of ammenis and carvsn dioxide z2re removed from the aqueous urea sciution,
The overhead vapors ara recovered in the ges precondenssr 2nd gas condanser
which are operated in series, The soluticn from the ¢és s*par: tor flows to
the uree flash drum where the urea concentrgtion of the soiution is increased
and the temperature ¢f the scluticn is Yowered. The urea flash drum operates
under vacuum and the solution fiows from the flash drum through a standpioe
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640 T/D URE A PLANT
COOPZRATIVE FARM CHEMICALS ASSOCIATION

PROCESS DESCRIPTION, CONTIAUED

to the urea surge tank, Tne urea soiution is then pumped through the com
centrator heater to the concentrator separator which opsrales undar ~zcuum.
The overhead vepars, 2iong with those from the ures flash ¢ ruw. are condensed
in a water couled surface condenser. The condénsate lows to the stripper
feed tunk, The concentratad urea solubion s then pumped thvough the evape-
rator heater to ths avaporatsr saparator wiien npern:es 3z & nigher vacuum
than the concentrutor, The overicss vanors ace LOnﬂﬁﬁftd in & water ceoled
surface condenser. The condzpsate flows to the stripoer feed tank,

The urea melt is pumped from the svesporetor threugh each of the three
SPHEROAIZER™ grenutators through specially designed spray manifelds znd
sprayed ontu the beds of recycied material which consists of "“dbr=1ze
granules snd crushed eversize grenules. Counter-currert flews of air.{cosied
before entering the SﬂHfQODIZER grarulator when neuessary due to pigh 9rgient
temperature) serve to coel the gramules in esch unit, Torming very hrd, dense
spherical granulas.

The material discharged from each SPHEROD1ZER® granuletor 15 conveyed to &
bucket uievator which elevetes the material for serzening. The undersize
granuiss end the crushed oversize granules are recycled o the SPHERDDIZER
granulator %o fovm the bed in the SPdERD?‘?rk granulztur, The product size
range is controlled by the size of the ecpening in the instailed sorocens.
This can be changed by changing the size of tn* openings in the screens, The
product granuies aire woighed before being conveyed Lo ihe bulk warshouse,

The air stresms exheusted frem the SPHEROLIZFR granuistors ure scrubbed in
imnincement ?vnﬂ wct seruphers hefrra haing srhausted tc Lae ‘u?@wﬁﬂcr\.
Hot comdemsata is used as feed vo the scrublers, Tl y
is pumped ‘“hﬂ c2eh foruober beck o tihe urea surgE
whe urea sclution from the synthosis section, Tuo
is pumped to the conceniration and evaporation system.

azse; Trom the gas ssparaior ére condensed apd recoverad in the gas pre-
jenser and gas condangar, Hedt is removed by cooling water, The sclutien
g in tbsse o enitzs is pumped to the low pressure cooler Where ths

from the ToW praIsure decomposer and stripper ave recovered, Tha

" ghsorption a1u raiction are revnved b cne)iqr vater, The soluticn
Tow pressyre ghsorber 1y then th;ﬂd 10 the #igh gressurf sbsyrber
gases irom the high pressurs decamposer are absorbec and vaacted,

ats ¢of abzorprior and reaction ard removed by cooling watsr.

d vagor from the bigh pressure absorber is zscentially pure

ich 1o sondenzed i watar-cosled condensars and recycied to the

the oxeess anmonia rocuived o obt2in a nigh cenversion to uraa,

where the g
HYzre the he
The overhea
ammonia wii
prOCesES us
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600 T/D UREA PLANT
COOPERATIVE FARM CHEMICALS ASSCCIATION

PROCESS DESCRIPTION, CONTINUED

The selution from the high pressure absorber is the vepovered aguaous
ammonium carbamate solution which is recysled to the reattor as described
eariier.

The condansate from the surface confensers is coliected in the stripper
feed tank, 1he mixture is puwped iz the stripper where the seiution is
preheated by heat exchange with the bottoms, The amwenia &nd carbon
ioxide are stripped frem the selution end go overhesd Lo the iow pressure
coglar for recovery, The stripoer bottoms contein approximately 200 ppm
of ammonia,

i o |
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6CO T/T' UREA PLAKT
COQPERATIVE FARN CHEMICALS ASSOCIATION

PERFORMANCE GUARAMTEES

Heels of Guarantees

Cal/Girdler Incorporated guarantees that the Ursa Fiant, when completed
and cperezted in accordance with Girdlerts instruections and under Girdier’s
tachnical advies will for a performance *est period of 72 hours so
cperate at design rate without major Interruption that the resuits set
forth below will be realized, provided (.F.C.A, furnishes suffi-

cient opsrating personnel, process material, utiiitize, and provided

The characteristics of fhe process materizls and utilities are no less
feverabie than the following:

Amrmonia

Commarcial grade liquid having the foliowing specifications at +the
Urea Plent bettery iimits:
Composition: NHy  99.8f by Welght, Minimum

HoQ 0,2% by Waight, Maximum

cit 2 pom by Welght, Meximum

Inarts 0,005 n!/Gram of Anmenis, Meximum

iron  Nid

Coior Water alear
Pressure 200 psig, Minimum
Tampzratura 103°F, Maximum

Corbors Digxide
S e e et

Gwseous COs hoving vihe toliewing specifications ot the Ures Fiant bate
tary dimits:

Zompositien OO 48,5 Mol Percant, Mialmum
i g .
inerts 1.5 Hol Porcent, Maximum

25 sn¢ other Sulfur Carcounds I ppm by Velume, Haximum
MZA, Potassium Carbonate .
Suiflnal, ote, Nl

G
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000 T/0 UREA PLANY
COGPERATIVE FARM CHEMICALS ASSUCIATION

PERFORMANCE GUARANTEES, CONTINUED

Carben Dic&ide, Lontinued

Temperature
Pressure

Electrice| Power
e e s

Yoltage
Phase
Cycles
Steen
AR =)
Sondltion _
Pressure at Battery
Limits
Ambiant Air
Wet Bulb, Maximum
Ory Bulb, Maximum
Absolute Humidity,
Maximum
Instrument Alr
Pressure at Luliery
Limits
Cendivion

High Pressure Air

Pressurs at Bavvery

Limits
Condition
T vt
%mnﬂ Viater
Souren
Temparature at Battory
Limits

Frossure at Sattery Limits
Cancition

3.2472 |
Page 2 |
235°F,  Maximum
3300 psig, Minimum
4160 and 480
K} 3 :

436.563 A

&9 €0

Superheated To 65C°F TT

550 pslg

76°F

102°F

0,0137 Pounds of Water Vager
Per pound of alr

50 psig, Minimum
Drv and Qil Fres

300 eslg
0i! Free :

Cooling Yower

93°F, Maxlmum |
56 o3ly, Mintmum

on Corrosive To Carbon Stoal

Frem of send, siit and suspended sclids

X J
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BCO T/D UREA PLANT
~ COOPZRATIVE FARM CHEMICALS ASSQCIATION
PERFORMAHCE SUARANTEES, CONTINUED
-
* 8. Guarsnices
{« The Uea Plant wili be vepeble of producing 60Q snert tons of
- granulatoed ures per Z4-hour day.
< 2, ‘hen the Ure= Plant s oparatad at guarantsed capacity In accord-
" ance with Seetlon A cbove, tha granulated ures produced will
' conform to The foijowing specifications: )
Nifrogen, % wt 46,0 minlmum (trpical 46,5)
) Biuret, § wt 7.8 maximum {typical 1.0)
i Moisturs, & Wt 0.2 maximum {typteal 0,05)
: Stze Specitlication (Tyler Sieva)
- | on & i 1.0 maximum
g | on 8 30,0 min jnum
= ! On 0 80,0 minimum
: i On 14 98,0 minimum
- 3, Whan the Uraz Plant 15 operatad at guarantsed capacity in zccords
anga with Saction A above, The consumption of rew metaricls per
E shart ‘on of granvisted urea produced will not excsed the following:
Ammonta {100% Ny Bosgis) 0,532 Short Tens (1)
E Carben Dioxide (007 GOz Basis) 0,760 Shert Tons (13
bt
= 4, fWhen tha Ures Plant Is czerated =t guaranteed cepaci¥v in accord-
ance with Seatlon A above, the tote! cost of the wiliities listed
selow prr short ton of grasgiatec urea progucua will not excesd
- 93,51 when unit coste listed below zre utad +o determine ¥ne tovz!l
cost of tasse yiilities:
[.;-‘
Gl ] ity Exnpatad Usaos Unit Price KL
AR AR A AL et ou——_ i
[ Eleatiriz Power (2} 71 KwH 5, Y ReR
Steem (3} 3325 LBS a0_C¢/ 1BS |
Cos!ing Weter 27,8410 BALS . T/ GALS |
- |
i
-
{i} Tnesa guaniliies are zubject to 2 glug of minus 2% metecing error,
ﬁ {2) Does net include niant lianting or CO. comprecsice,
{3} Bezs not fnclude building heatirg and steam tracing.
i
o

L
L._..
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500 T/0 UREA PLANTY

COOPERATIVE FARM CHEMICALS ASSOCIATICH

YTILITY CONSUNPTION SUDARY

The SPRERODIZERD grenulzted urea plant, when supplied with the specified
utilities and when onerated at the design capacity, will require the
foltewing estimated siility requirensnts:

Steam
550 psig, €50°F 7T £3,109 1bs/hr.

Cooling Water

50 psig, 88°F 11,600 U.5. GPM
Electivical Pouer

4160V/3 ph/60 Hz and 340V/3ph/60 Hz 1775 K
instrument Ay

80 psig 200 SCEM
Process Afr

300 psig 5 SCFH

Candensate Returred

50 pzig, 21G°F ) 68,400 Tos/hr.

C:X
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600 T/D UREA PLART

COCPERATIVE FARM CHEMICALS ASSCCIATION

The following list of equipment is geserzlly inciusive, but not necessarily

exact and the cetails may be mocd
plant develops.

B~1A Exhausters
B-18
Type
Drive
Material - Casing
Irpeiler

€-2 Refrigeraticn System

Type
zfrigerant
Drive
fuxiliaries

Reactor

©
-

Tvpe

Design Pressure

Desigrn Temperature

Material - Sheii
Liner
Internais

EQUIPMENT LIST

fied by Cal/¢irdler as the design of the

Cantrifugal
flectric motor
Aluminum
Stainless steel

Packaege unit
. Ammania
Elzctric motoy
Iniet suros drum, afiercooler
with carbon stee! tubes,
refrigarant surge Jrull.
capacify controi hy unissdin
ang hy-passing

vertical cylinder
2600 p3ig

400°F

farbon stael

316L stainless steel
3161 stainless steel
{remgvabie}

x|
' Gmnum
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600 T/D GREA PLANT

COOPERATIVE FARM CHEMICALS ASSCLIATION
EQUIPMENT LIST, CONTIRUED

0-3 High Prassure Condensate Tank

Type

Design Pressure
Pesign Temperatura

Material
U-4 Gas Separater

Type

Cesign Pressure
Pesign Terperature

Material
=5 Urea Flash Trum

Type

Design Prassure
Dasign Temparature

Material
D-6 Urea Surge Tank

Type

Eateriai
Auxiliaries

g-7 Cencentracor Separator

Type

Tesign Pressure
Lesign Tesperature

daterial

Design Pressure
o

ezinn Termporature

Horizontal cylinder
200 psig

250°F

Carben steel

VYartical drum

35 peig

3GGEF

316 stainless steel

Vertical cylinder
Full 'vacuum )
200°F

304L stainless steel

436,563A
8,2472
Page 2

Cyiincrical tank - flat bottom,

cune raof

‘Atmgspheric

2T5°F
Aluminum

Stainless steel steam coil

Vertical cylinder
Fuil vacuum

300°F

304L stainless steel

() |




600 T/D UREA PLARY

COOPERATIVE FARN CHEMICALS ASSQCIATION

EQUIPMENT_LIST, CONTINUED

p-8 Evagorator Separator
Type
Design Pressure
Destgn Temperature
Maierial

p-9  Stripper Feed Tank
Type
Dasign Frassure
Design Temperature
laterial

D10 Amwmoniz Receiver

Type
Design Pressure
Dasigrn Tamperatuie

Vertical ¢ylinder

- Full vacuum

3256°F

2040 stainless steel

v

CyTindricz] tank =
Flat bottom, cone voof
Atmaspheric

250°F

Carbon steel

Horizontal cyiinder

260 Esig
450°
Cavbon sieel

Horizontal drum

Carben steel

Aotary drum

fzterial

511 L.P. Secompcser Condensate Tank
200 psig
g T 400°F
Material
A P ceannTTE €] e L -

G148 gnd 0-140 SPHERUDIZERT Grenuiator

Tyee

grive

Hawerial
Internals

Electric moter

Carhon steel

Litters, dems, mresching,
fapd ant discharos cpules

X
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500 T/ UREA PLANT
COOPERATIVE FARM CHEMICALS ASSOCTATICH

ECUIPHENT LIST, CONTINUED

U-13h and D-150 Serubbers

Type

Design Pressurs
Design Temperature
iaterial

D-15 Urea Rundown Tank

Type

Design Pressure
Design Temperaturs
Material

E=-1 Amuonia Preheater

Type

ign Pressure
sign Tenpsrature-
Haterial

t.2 MHich Pressure Decompeser

Type

Reboiler Section:

Desien Pressuve
hesian Tenperature
faterial )

Impingoment

25" of water vacuum
250¢F

304 stainiess stecl

Cylindrical tank -
Flat bottem, cone roof
Atmospheric

200°F

ATuriinum

Shell and tube

436 ,863A
8,2472
Fsge 4

Sheil Tubes
200 psig 3600 psig
450°F 450°F

Carhon steal

Yerticsl thermosyphon -~

Carbon stee)

sheil snd +ube with entréinment

separator

Shell Tubes
00 psig 300 psig
ABQ°F 350°F

Carbon siee

316L stainless

steal clad

L+ 8
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436,563A
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COOPERATIVE FARM CHEMICALS ASSOCIATICH

EQUIPMENT LIST, CONTINUED

£-2 High Pressure Lecomposer, Continuved

Entrainnent Sectiont

Type

. Design Pressure
Design Temperatura
hage"le‘ She11

Treys
E«3 Low Pressure Decomposer
Type

Heater Section:

Design Pressure
Design Temperature
Material

Entrainment Section:
jesign Prassure

Jeﬂ*gn Temperature
Hatevial

= "J

g-4 GCas Separator Heater

Type

Design Prossurs
Nesign Janperaturs
]a(...Er'lc.'l

£.5 Concentrater deater
Type

Desion Frossurs
D"'”‘-y"'l Tong 1o+ relurc
material

Tray

300 psig

350°F

31CL stainiess steel clad carbon steel
316L stainless steel

Shell and tube heater with
entrainment separator

SHeIl - Iybes
200 psig 75 psig
&aO“F 3“0°

Carbon steel 316 stainless steel

Yartical cyiinder

Tubes
3% psig
350°F 300°F

Carbon stee! 316 stainlass steel

shelil ant Lube

200 psig Full vacuum
350°F 300°F

Carbon steel

303L stainless steel

G |

 Grmower
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600 T/C UREA PLANT

COOPERATIVE FARM CHzl
EQUIPNENT LIST,
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436 5624
82,2472

Page

{ICALS ASSOCIATION

c.6 toncentrator Overhead Cundenszer

Eu7

-8

E~1l

g Pressure
ign Temperature
Y

Cvaporator Heater

Type

pasign Pressure
Dasign Temperaiure
Haterial

Eveporator Overheed Cendanser

Tyoe

Design Pressure
Design Tempsrature
1 ,,h;‘:1

Stripper Fzed Heater
Type

Design Prossur
ﬁas1gn |Em;Lrsture
laterial

Gas Praconkansey
Type
Design Pressure

pesign Temperaturs
raterial

Surface condenser with steem Jet
eiactor

Shell Tubes
¥IIT vacuum 75 psiy
200°F 2006°F

tarbon steel 304 stainless

Snell and tube

Shell Tubes

2ol psig Full vacuum
350°F 350°F

Carbon steel 316 stainiess

Surface condenser with stesm Jjet
gjector

Shell Tubes
Fall vacuum 7 psis
200°F
304 stpinless
Sheli and tube
Zheil Tubes
Y50 psig 50 psig
00°F QGG“

Carbon stesl Carbon steel

shall and tube

Shell Tubes

o0 psig T50 psig
00°F 300°F
Carbon steel 3044

6

stee\l

steal

.

3 koo

siziniess steel

cal

j

Gmnma
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600 T/D URER PLANT
COOPERATIVE FARM CHEMICALS ASSCCTATION
SOUIPMENT LIST, CONT IHUED
£-11 Gas Condenser
Tyoe Shell and tube
Shell Tubes
Design Pressure 7% psig 78 osig
Design Temperaturs 200°F 200°F
vaterial 364L steinless 304L stainless
steel steel
r-12 Low Pressure Conler
Type Shell and tube
Shell Tubes
Design Pressure 74 Esqg psig
nesign Temperature 200°F Z00°F
taterial 3041 stainless 304L steinless
steel steal
£-13 High Pressure Cooler
Type Shell and tube
Shell Tubes
Design Prassure i "sig 75 nsig
fesign Tempereiure 3“0 300°F
Haterial 316L staanle:s 316 stainiess stee!

E-14A, £«168 Ammonia Condensers

Type

Desigu Pressurd
Dezign Tenmpevature
Material

F-15A, E-158, E~15C  Agua Arronia

Type

Design Pressuve
Sesign Tenperatura
tatarial

el zled Ch“bou
vieel

Shell and tude

Caroun steel

Solution Cooiers
Yettle Reboiier

Shiall

J0 psie
Ao
Carbon steel
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500 T/D UREA PLART ¥
CGOPERATIVE FARM CHEMICALS ASSOCIATION

EQUIPMENT LiST, CONTINUED

puid, P-45 Aqua Ammonia scluticn Pump and Spare

Tyoe Centrifugal
Suction Pressure 235 psig
Suctien Temperature i05°F
Discharge Pressure 300 psig
Drive Eisctric motor
Material AT dron

p-5A, P-5E Recovered Solution Fumps

Type Reciprocating

sustiocn Pressure 275 psig

Sustion Temperature 205°F

Discharge Pressure 3275 psig

Drive Pack pressure sizen turbine
Material Forged stainiess steel

p-54, P-6B Cerbamate Circulating Pump and Spare

Type Centrifugal

Syciion Pressures 240 psig

Suction Temperalura 215°F

Discharge Pressuve 300 psig

Drive £lactric motor
Material 316 stainless sieel

p-74, P-76 High Pressure Absovhent Pump and Spare

Tvpe Gentrifugsl

Suciion Pressurs 35 Esﬁg

suction Tempevature 128°F

Nischarge Pressure 305 psig

Drive Eisctric motor

Matarial 315 stainlass steel |

p.Bh, F=BB Low Prassure apsarbent Fusp and SEare

Type

Suction Pressure
cuction Toinporalurs
pischarge Prossurd
Orive

platerial

i D o

LER




600 T/D UREA PLANT
CCOPERATIVE FARM CHEMICALS ASSOCIATICN

EQUIPMENT LiST, CONTINLED
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A=1 Product Cerveyor
Type Rubber Belt
Capacity a0 ST/hy.
Drive Eieciric motor

F=ZR, X-2B, K=-2C

Product Scales

Type futomatic eigher
Capacity 15 S§T/hr,

¥~3h, X-38, X-3C Screen (Dversize znd Undersize)
Type | fotex
Capacity 50 ST/nr. (each)
Crive g?ectric motor

Screen Material

X-4A, X-48, X-4C

316 stainless steel

Bucket Elsvator to Screens

Cuntinuous bucket on chain

Type

Capacity §¢ 3T/hr.

Drive tiectric motor )
jaterial Carbon steel, vinyl buckets

X-BA, X-58, X~3C

Recycic Conveyor

7y

Type RubZer balt
Capacity 5C ST/hr.
Drive Eiectric motor
%-6b, X-6L, X~ Recycle Bucket Ejeveter
Type Continuous bucket on chain
Capacity 50 tons/nr.
orive Eisctric motor

X=7R, K-78, X~7C

Type
Drive

spreron1ZeR® Gy

et Conveyor

Rubber belt
Electric rotor




520 T/0 YPEA PLANT

CCOPERATIVE FARM CHEMICALS ASSUCIATION

EQUIPMENT LIST, COCNTINUED

X-8R, K-BB, %-8C

Type
Drive

X«8h, X-9B, A-9C

Type
Copacity

Uversize (rusher”

Cixed arm hamugr

Eacycie fcale

Eiectric motor

pelt
50 tons/hr.

miil

CI



