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-PURITICATION OF SYNTHE?TIO URTA

X

,'.'
1

As the orude urea solution 1s delivered from the

. W
- , '"

oonverter and ooolixg 'oous previously desoribed, 1t son-~
sists (on the average) of T7$ urea, 18% water and 5% un-
Teacted gases and impurities; ehiefly l’};, a8 in the om— R
-worter the ¥ ¥3 34 kept alightly in excess. This T7% solution

48 piped to s cencentrator where the exoess fi} is driven off

" .. B
AR YRR
1 -‘ . . O
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£r

by heat, and recovered. The solution is then evaporated in a

tier or oolumn eof stcm—hutaa iron evaporating pans of ordina.ry
design. The T1% solution enters at the sop snd gradually flows
down froz one pan to the next lower row, increasing in eencentra- |
tion as it dsscends, | - e RN

-
e

%hen the oonccntration has reashed Sﬁ uru., the hot

supersaturated solution is piped to the 'n-lnger' (3 1oontrifuge' |
which it enterg at a tamperature of 55 0. This centrifuge 1. T
also of ordinary design; the revolving bowl is made of stainless -

~‘-_ —te -

steel and operates at & spsed of 3600 R.P.M. ¥o ba.g or tnter !.a -

wsed as the urea orystalises immediately upon entering the ‘bon ®

The walls of the bowl are perforated with holes about 1/% 1noh o
4n dianeter. I : < - SRR S

-~ S

The ocntritugé i3 operated by one ian, and a tin.glo

machine 1s sufficient for the total output of urea at plant B, ﬁ::'»f“

‘at present. The bowl is about ¥ fest in diameter and about 3 toot

I ) hoight. Tae procedure of eperation is as follows: The bowl -

F

1s ﬂ.nt bronght up to spesd, then the valwxe oontroning tha n.w" T

92 the urea solution is opened; the hot ooncentrated -oluts.on




: (875 55° c) pours from & pipe onto the floor of the :cvolv-

ing bowl, in the center. The urea solidifies in snow-white
-erystals dmmedistely upen striking the bowl. I
When, 4in the Judgment of the eperator, the oentrifuge .
’ has roceived a sufficient charge, the flow of eolution is shut
I .. -off, and the orystals are wrung dry, at 3600 R.P.M. They are “ .
"  washed once with & small amount of €old water. The oentrifuge is

P L.\,&Q(_-«Jwﬁ. o

. _ then 'stox:poa., the bottom of the bowl is opened, and the orystals )

. e ,"--l.‘ .

R R { ©f urea are Xnocked loose from the sides of the bowl, whence thoy

}/ 4rop through & hoppet into & drum for final drying. "The process
; ‘?:‘ e is then repeated, eoperating eontinuocusly. ST T :
t ‘j S The final drying of the orycta.‘.l.s takes plaoce in tho ,
R ~usual rotary drun type drier, which also operates contimuoualy, .
: - _' “The %0rystal Urea® #s pasked in oloth bags of 100 1bs each, and
: :3; - 1. s0ld at present for $5.00/100 1bs. The liquors and washings __"‘" .
r “, from the oentrifuge are s0ld in solution !om as crude or "nquid

urea, used mostly for fertiliger. 4 T o T T

e - K . S m-parﬁ.V.—t -

g; e ie.. .- 7lant B at present opora.tu three oonnrteu, two ®f i
‘;1 - . 'whioh are of an old typs, 10*f 4n umtor. end one of the 23' X 2!»

el a bl b ang o : SR
e d S
[
= ,1 .

‘ | " oot type,as previously desoribed, A seoond 23% eonverter 1 no' )

'E - under oonstruction; also, a large addition to the purifiocation and
‘?,';»..;;‘.‘ -storage plant is being built., = - - T T T L
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1

- i_-';-;'::‘.m.;.};:‘; = L, ‘The total output ef crycta.l Uroa fron this p:l.ut aow -
averages 700 bags of 100 Ibs. each, or 35 tams, per m _The S
Wty G- AL g

S pre sent plans oall for a groatly inoreased production in the nea:
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axpei-imtu state, and improvements 4in technique are mow
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oing doveloped to increase efficiency and output., Peor - é’
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- example, 1t has reoently been found advantajeous to subject ' 5
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~all pipe lines oonducting urea solutions to & treatment with ‘-”:" )
Sodium Sulphide §olution (Nap 8). This eclution 4s pumped .

' ‘Shrough the lines at times when mormal production is nlpendod.
- | "She pipes are ¢f eourse thus lined with e ooating of metallic '; .

2.

14
Pl

e -sulphides, Whether these act 88 & protective layer against

’ - - -oorrosion Or as a oatalytic agent is not at present udoutood.
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Urea 48 made by eondining ons molesule of COp (earvon &ioxide) with '
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tweo molecwles of KB; (aumonia) ga.u. at high pressure, morung to tho :
‘% Aelleing resstions 00, + 2 Nip = D el s H, 0
3.7 The following is a desgription ef this process, in t'o ptrt ]
}' { 1o Hechinery and oquipaent used . . - L e

‘ u. Chentoal process, S ‘:.."”'ff "“?i'-"'j .

« &1 pressures are in pounds per square moh; tonpmtms a.n up.- .

” ".'3“““.‘9' e m IR T B oty =eatd

:t y 3'“ “‘ €0, and KH; are piped from counl otonsc tu\h to !hn e

,,..4,_\ EAR A

v m)ruson. in orumry iron pipe, § inch muo .umutc. m ooz mﬁm 0
Tat tho nnpnuou st 540 1b,/square inch end s raised in aloxght) u'nl A

ht-‘ Tae_ -

; .tmi u €500 1be/square ineh, after the first stage 1t nut ‘. m“‘:_—_;q,

.um: stun 30 prcnnt solidification, T DT ff'? B el
-Efi: mz .mm at the »npruu;u n ze lb./uqmro Lhch lna h nu:s
1 ,\5:3; thuo nqn %0 6500-6500 v, - l!huo nnprcuon are n opnm tm fadld
b g.nl ‘san »e um-n.a upauuly in & later npcﬂ.) Ty f“' “J_“’“ AT ’*"
f' g%':mrﬁaiho oonpronor- tho guau m ytpu to izrfntulan or ‘cnn- G

\

f,m.r-‘.«.mm m.nzmoa u-on pips, # dnoh inaide umnr. 1 m oyl

u"-,n‘_'_.';-\-(‘!pr, <
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\unuty. The !B, ontoro tho oonn:tcr at as° a;' . ;:‘ %
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: A thire plpo oarryxng -ator mtorl tho oonidrtcr bohm the cag nnn
e ST e R AT
'

- ho arpose ‘o2 which will Be dosorlbod 1n part 1, Thes 1ns ‘hag the’ vame’
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b, /aquare 1ok er avove (und at 85° er over. C / /
" At & point thres fest from the eonverter, em sl shres inlet nnu.
are stainless atul inlet sontrol valves, Ths mext point #s of m
,Mg: iogum.tng at these walves, all pipes, wvalves, joints, m
connrt:?/ oeur. in faot all surfaoes ooming in sontast with the m,
t e

-
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ey
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must- 63/99.98,- pures
/ ofﬂn: motals and alloys have been tried, dut none hu tnn taml
mhuh' Im rcr/ut aorrosion as suooessfully as silver, A4ll pire ooupnnp

, wmst N Jo!.ndn ‘with silver washers, anl the silver lining reamed ever hto

'1

ithe jotnt/)/ im 8 )or!octu eontimuous silver surfass, 4ll rivets, mu

F 'mod ip/. an-tmtus the sonverter "eartrilige” mmst bde silver, ZFrom the

"-l

oint/ tkc inlet untQJ. valves $0 the end ef ths eocler the ures tmhu ‘
a/ other -m..

<

cokstmtun of ths Converter R ol e
- The oannrtor is nuntuny s vmuu sylinder, £3 zmhn s.n muo .
., 4smeter 164/34 fost e The gases are introdnsced at the dottom abd She

nolun ma Fnbn wut at the top Linto the ecoler seila, The whole omnrur

}
.
i

consists ;/ an oonoontm tubes which will be desoribel separately, io—

{

gum!.u - h/tho inne The inside tude u She silver lining .3 aaﬂo

t9 an\’rﬁ th{bbngh ixing of the 1iqaid as it passes mp the tnbo._‘ i;g;;w?’”"‘_ :

o ‘ carrying the COg, Iz and weter, enter the bottom ef .
//t'\d\w.. h. 20 é ‘ ' n )
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{ned ‘with pare silver, 1/8th to 1/16th tnoh thiok, n.u .um- :_' s
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tho urtruso through pipes of egqual sise, There are two methods of n.txi.ng
tho gases u they enter, shich can d¢ interemnged, PFirst, the pipes are |
u.qpl.: hu:t nt right angles, the openings faping the wall of the oomrtu‘.

; Second, th ’lmr 00il” 43 sometinmes used « Arawing no8, This m
, mu §2505 't mix with a swirling motion arcund the eircuafsrance ef hs -

«; sooverter, :The second method gives & more pniform product, dut the qnnntx
188 mot as ;ooa as Shs Dest prodused by the first method, {(This yrodlem is
' pow being werksd eut, and may be the Bubject of a special repoxrt later,)
& The second "layer” ef the eonverter is the "Jecket”, see drawing mo.d,
. 8 Sube of specially eonstrusted reinforosd Btesl, & inch Shicks  The Jasket
- {48 25 tnohes in dianeter insids, anl 27 feet leng overall, The silver
| 'eartridge is losered 4nto the jeskst b7 & erune, It 1s of the wimost ime
" portance shat & alese £1t be ebtained adl arcund, Fer § inohss st eash’

-end, the jecket 15 1 fnch thiok instesd of b Avah, . . lic Lo @.m,ﬁ.s,;}é«._
’ fw: Equally space! arsund the Jacket are 88 holes, § inoh 8n umutor. L.a.
.!m heoles for sach of ths 17 ssctions 4{n she silver oartridgs, . mu hohl
T are arrangel in a spiral throughout that part ef the length of the mnt
t nhﬁeh eomes 4n eontact with the walls of the gonverter eartridge, l'hlu

“rge e e -

wu have $hree purposes: 2, to allow Bore hoat to cnapc_trom th. nnr )

- Sartridge; £, tharmooouples are placed 4n $hese holes at uumu to ...
oontrol. temperature 8f the reastient 3, they aot as safety nlu: tn\em

‘o & Jeak 4n the eartridge, being the weakest points 4n the :unt'( Tne
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| ’ juht is surroundei ¥y ngh pressure sater, 4800 1bv, or overs zn hru,
i'm t Leak $hrough the Jacket 1% would quickly be eorroded, ”m -:; ;
. ummuu t!u Jackot 18 tented Lor the presense ©f urea cvu‘y ha'l? NG
oo l.oah oan bo ututo& Yefore mch damage s done, E l'__f’ ¢

j v The Votton of the Jacket 18 double, ent omm. of nnJu yu
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firgt the “head”, reinforoel steel, £3 inches in dienster, s pushed up
sbout 6 inches from the dottom, to £it snugly against the dottonm of th_l -
silver sartridge, being shaped exactly the sace as the end of the sart=
ridge (3ee drswinge 1 and ,z)l This head 48 held in place by » ruxgu ' ‘
spring steal, # inoh thick and 1 inch wide, £4 inches 4in diamster, Yhis

E ring is out so that 41t ean be sprung sogethsr, fitted in a groove shish 1s

} Feamel out of the jacket, and expandeld into poliuon. Zhe mmd hoaa 18

E * .. then placed mmug against $he ring and bolted into plase with 10 bolts,

AN AT e N s

CTETERE L TR AT e %

s LW g i L

i In the first head there are thres equally spaced holes 1& lnchu tn

@ianmeter to adnit the thres inlet pipen, In the ucmd. the holes are l&

i.j_,jnohu, allowing for packing en the inlet pipul. .- N

' The top hoalds are attachsd in exaotly the same menner, except that

" - enly eme hole oocurs, 1% tnohu in um'ur. whioh oomcto tho sres to '*"’

- the ocooler, Dext outsids tho Juut 1s tho ‘*puln” o huvy ohcn at ult

.-, 4rvon (mes drawing 6) Thers is a onse t.nch‘-puo Between Junt ‘and duld ,

which 46 maintaingd at 4800 1d, sater puum. 1] pronnt the :um T

' .. 2rom bursting, This water euters at room\fupontm and serves so oool
She jacket 1f the tompomm rises beyond 66° , The Sulb 1a mads of. cut

- lrm. £ inches thick around thc body, It}u 80 Leet long, and 36 I.nahu ’“

in umtor inside, JFor 8 tnobu from the dottom up, and 8 mhu froz thl

. sop down, 1t 18 ¥ inohes thiox, the ndd(.ttxona). £ inohes toi.ng on’ tho gnt-
#8ide, Thess £ By 3 inch exte:sions otomd. to hold the pacnns flange,

For 18 inches from the top down, e otgndﬁrd 1 \&noh thrud u qt m o\hl

k] inside wall, - 7 ( - i R |

. - The tcp aonautl ot £ heals, r‘. 1 l-r ma s 86 uﬁm u :
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": Shere are 54 holes 1} inches in dlameter, Inte Shese holes, 22 lnch otnu
i

«
L~
l

]
{ ’ulfa of&thn buld pcrto(:y. 80 thnt Rno' -ator san 10 through, ZTherefor
; 1t uum ¢ 1leaded around the elges touching the wall, ZFrom § inch in from
the cutu' o&go. %0 1} inch in, 6 extensicn motohes ars mschined on, ™he
notchoes m 1 4nch high by 1 fnoh wide by £ inches leng. They txt into
similar notohes sut into the Sop of Jacket wall, Sl

e e
. Y
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lhohinoa oente the lower side of this head 43 a piece 23 Lnehu ln i
umttr and 4} inches thick, making the entire lewer heal 11} Mu thuk.
through the 23 inoh untcr. This part £its down against the upper M of R
She jecket, Through $he enter of $1s sntire lewsr head there 1s & Bols B

R i

~ & inches in Aiameter, to allow passage of tlu vutm nnos nna the nyx

s,

. pressure paocking around if, - T S :'-'_:“%:..
A The upper head of the top 1s :.a inches nnox. 1 n 28 inehes u -

“ diamster, with u standard 1 i.nch thread sut intc the suteide edge, m.-

- hoad sorews into the top of the bulb, This hsald also has the § mh ld.l
‘03' 'h. “tl.* ’m. TN N SISV ~ _J)'aur 75 ’“‘"

.
&y -
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-.The betton 4s elosed’ by a single head 40 Anoches in umtor anl l
tnchu thiox, which £its up againat $he duld dotton, It 48 held u lﬂlﬂ
ty « ngh pressure gaskete ‘In & dismeter of & inches from the nnur, ;,._ ~

‘are inssrted, They ge up inte $he wall of the bulb sbout Zj mnu from oo
thc inside, A1l studs and gaskets are white leaded, R ,},,),_L -

‘A ,.:.

" Maochined $o this part there is a piece which 1s fentienl 'dth m
:lour head of the sop, The only difference is $hat $hrough the cntm *
3 Mtton houd, there are 8 five mn holes, $o allow mngo ot the m'n

- - ,,.‘..-) BN

.u»-- and packing, instead of the single outlet pipe hole @ ..,, S

,‘" DT -
A
i :

1 Temperatures are taken through scall holes drilled through so m

3 - .‘,.(F*r ”
sunr tn‘blns mxt $0 tho inlet and utht lhul. In these holu m thl .l

g thormmtors, mpportod by high prnmr. plup. z, é-n 'f;"';‘.
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pulb 48 3She stean Jasket, wkio) gt 54 en the eutside
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puches _$he—top &nd botton Z16igF Extersion-motangs, = - '7..-,,?;5--«..]"-.: i

..., Mnally, sutside the bulb, after a £ inokh space, 45 a stean n nnr v
Jum. 0! 1 z.nch steel, sapadble ©f earrying 450 lbepressure, . n.u m. -"_ ; g
’ . mide juxct is surroundel with asbestos insulatien, nnng the d:eh m- .f
| verter wnit 5 er & fest in diamster, Ses drawing 67 ~ eross um.en o tho
, ;': Cntuo senverser assenbly, o : P+

SR --:“
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5T Frem $he smmverter the kot molten mres mixture 15 yiped directly 3o .

A-__,.a:-,

y } tho cooler in stesd tubing, 1} inches inside, 5/16 %o 8/8 .n““ tmk’h

lllll

“and 1ined with 1/8 inch silver, The ecoling is dons with yurning uu:. ain'

’bo tu.ng utcr-:uutod. The sooling wnit oonsists in all of Abut ~ ;'_

n 1,184 Lest of pipe as descrided, all ef which i utcrojuxotoa umpt nbnt

e --_‘{rf'o 3 .x‘

lo fost, as follows: There are 2Y Smmb’ eofls, er ssctions, sach 18 1o ao <
m« tut 1en¢. omutm mh of $wo lengths of -tmght pipe, and onnnootu =

R -—\ -

;ﬂ .t tu cna.n uith semicireular benis about thres tnt in hngth. m ctrught
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!hnng in m 46 hnethn or 18 fut nnl 46 tonh oL s !on mh. ﬂuu

MR T
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5 nnu n.ou are 1ined with ailver hy mung ‘silver s'nung mo m-um
: -‘*ﬁ‘plnu o: pips and t)un heating and bending thc thoh. The ooeung -atcr

- enters mnpn of these 21 colls as touou. to pomu gra&ml oooung: tho
3: Z.'Sep $hres 00ils are oooled by one separate strean whieh engters at roa; &

“-:,J-’.

"tmpcntm und eones out at nurly 86 'nu nm u ootia are .oom u

L

‘

?" -8ix upmto groups 02 4 oach - 80 that tho nto ot ooonns m"i:‘";;émm
":'q" SIATIAOL Y,
:,, tl'ﬂ; np to bottu. tu utor ontorlng oou at tha botton o! oaoh zrmp nnl

- S s e DREL L - a IR
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5 ’ ‘ctul ylp' of 1 fnch inside dlanster and 1/8 u i lnoh lucx. at abcq.t

__*7.3b, in vressure, whence 1t s Famped te the ltongo ant pnrl.thxi. mn

—_—————
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" made ¢ by the irom exide eatalytic process,

-

Cztrt 11 = Cheumical prooess O - ) @/}%
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The two gases =~ COp and lH; ammst be otaugh mdo Ofpn.rtty. The
COp 48 made from “producer gas”, 1.6, Goke - and the emmonis is lynthotu.

Te e PL
s ‘n._: 1, .

BRI Rl

_ As botoro desorided - the COp enters the sonverter at a pnnnro of
8500 1b,/ square inoh and between 56° and 5Y° 4n tecpersfure, m ﬂ,
anters at 5500 $o 6500 1b,/ square {noh and at as". 95° . The nmm
um 0 be unantmou at these prun.ru anﬁ tompcntmn 18 h
estimated that the urea. u duady liquid lt adbout the third ucum u
from the dottom ef the osnverter, The method, o fime 6f mixing ef thl vt ~l'
. pou seezs S0 have an mpornnt offoct on thn qna.nty o: tho nrn pro-
ducel, This point 48 mow bo:.ng studied, T S o

AU --—' il.‘ ‘qn;;-; T
1]

, :-:4‘

The reaction procesds most -mumu at ac° cmtxmu. A% the start

o ;1! 1s sustemary so introduce warn water bct-un the 3unt ant thc nn

ht 0800 n-.: until the desired tezperature is uuhu. m ruouon thcn
booonu mthcml. and it 18 necessary to siroulate eool utcr 4n thu

: ‘.pu. to p:nnnt the tcmporatm rising, S3Should the oonnrtcr io uhnt m :

tor m rouon. stean at 450 1bs, u oucuatoa 4dn this .paoo to m!.ntu.n
86° unti) prodnotion 4s resumed, o e ‘ﬁ--. -'i-f—»_-;_.-a;—rr& s *ém*-*f* Ay,

e -

" 'Ths moss fmpertant point in thn toohniqu of mratﬁ:g fho bonnrur =
h to raise and loucr the pressures inaide and gutsids the jukct ng
M zate. This 1 very 4ifficult as no means ef .ntmuo ountrol m

3

:ct been devised, and silver cartridges are frequently nptma uwu'l
or outward by lnddln inequalities in pressure, A upm nrtrugo u ‘llayl

_._-,,

xopt ln mumu. nnd -hon this occours an energensy cr nhook crn at m o

-,

h rnahod to ropluo tho oartrugn nnd rom yrodncum l.n u ahm""a‘ uu'
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Ths Pressure and Senperature Of the gases at the inlet also has an *
“-lllpornntj”gttut. and 1t 1a attecpted to keep these factors as uniform as
possible, which however is very diffioult, It ie probsdle that By detter
santrol 6f inlet pressurss, and an improved mixing method, @ smoh ohnrur

! sonverter $oul2 be used, This prodlem .gu.n u ﬁu mmt oL cmm |

- - < o PR -

, .,;-.;’_—*_;.-3.-«&_ .
!npontm eontrol An the eonverter is very diffioult, as tumooonn.u
m o intreldused, dne to eorrosion cutuuuu. Approximate tcmro-
hru are edtained 3y placing shermocouples uan.imt She silver sartrilge
*W 3he hun in the jacket ’rounny noorlbd. , lunr thlmomhl. :

= AT LA g e "2"3&

ﬂuod 1in place are mow being mseds - S

.;-,».'-

i o * The highest grade of ures gx produced 1s about n.-"i: muugm
': mu ol moleonle of water prodused in the yeastion, CLhis ;rulo 48 wsed j.n

i 1h0 nnntutm 82 synthetic plntun and olmharo. tour p-uu' -‘.;‘,‘m”‘

~ . - !C-‘"‘"l‘ “‘F""

!er hrunur. ota. ' I Lo T e RS iy

;.AA K3

" The water 1ine cntcrz.ng ths eonverter (muml in pcrt I) h uu

f}; thres parpossst 1, At timss & produst ealled "liquid ures” is woduol
mh 48 shipped in tank ears unmpurified « shis is & B7-407 -n:um ar
mu ures, ' This product is made by !.ntrodnctn; ths requirsi amount of hﬂ
= -mater through $his third 1ine, sare Deing necessary that the tom'n'nm
e dlou not drop in the process below 86,° 2, If the maching ahcuu \uou
ﬂoggoa by solidified urea ot any point, the inlet mue uut bo ncu&

P -1.-“.‘“\

: mauuu; tho whole process stopped, fhe sonverter h thcn nulul out

B B dca W ENS 3s ﬁ‘b“"‘»"

. ;uth ltua or hot water by means of the unr iine, - :mmnn; mt_ﬂ_n “ie
'i tluronshl: nn.lho& out before the prooess ean de rutartod. 8 vor: .xronain
- »pmudu;. --Inry effort 1s mads o Xxeep the nnnrtor nnnmg o&nnnnonm

8. Aa tho mccu oontumn, a goale of hard, grunuh natcrul 0! nmmoun
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gaparities in $he gases. Every eight hours, water is tntrodmd. wnien '
&issolves off this soalse,
the -lwlo FTrocess here (ucruud. uhile at pressnt u e very n:.mu

and produotive system, is undergoing eenstant improvement and oxponmt. ‘
in suoh 1ines as deaign of apparstus, methodd 02 rixing the gases, mumo
4f impurities, pressures and gemperatures, cith the 1dea} of hwrcﬂ.ns
(Mliti and quantity ef eutput, ccnnrurn ef four $imes the present u;ul.t
are now u process of design, R
’ _ Ths Untpnt of finished product of the ocnnrtor m lourlhd. l-.o.
She 23 mh. 24 foot model fnlet Subemy - . ot <. i A

€0p = § inoh = mu.-zs-av‘-m,im usoo-asoon.-as-u"u
moymally 18,475 1bs, of 775 ures per hour, eonsmming a.au 1bs, of XEy and
- 84100 1bs, af 80p per hour, The Tecrystallised wrea u uu at munt for
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Leacher losses
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Combined- {’rbpylene Chlorigde
and EBthylene Chloride Losses
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