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AWDWIUII3ULFHáTl"  IN  T>iE rk'^'TiüN   >K ' ' r ?Pf.|03rH»TC 

itaru- ar»> ?   N 
ilaer.     '.athai   anda 

7lt« worH  ¡*>utput   of  umor, i-unau 1 j k;at<*   .a,   t >   «   lar»-»   #»   t ar *,   iar¡<m<l  MI  *   <-»» r t IV- 

oo-   >rotiur.t.      It   car, ba  un*<ì   a«  ral   ima  ¡>ra< n-i*.»rit ».   r, » < ¡. <wp.i«. t a   ¡ : icmnu. 

In   "m   prora«"   tha  »'.'luí ion     r*.. .nad   (.fiar   n¡ ilu'sí: <r    >í  p.ioarüa* *>  r i.-'i   wit'; 

nitrir  üd j •>,   ip  tr«»!»í   witt.   arm»-'*, iip   sm 1 ohata. 

/ha <•»} f ium   i* pre i; ití,t*i  «Mí   rasnv*»i  aa  •->• pmw, 

'-íh»n producing,   f'^r   ¡notTic«,    '  *    p»T   >-wnt   ¿«•ar-a-'lual« F1 ,*\    ni   iha and   prodiirt, 

al1   oí  ih»  diasolvad loluts ¡n,   U'«ratnar with  tha  UNOtiumulphttt,   i«  fad to   tha  pra 

nni tat ion aantion.     I'he prat ipitatior,  condition«  axa < h iser   u   auch a wa,v   that   a *.-> pan« 

te '.b* airad  tfhtoh oan ba  filtara--!  nm.fi i l.v. 

Tha filtrat«  i« collar-tad and  f«d  to  the neutralisation and »vaporiti m »act sona, 

Tha neutralisation,   bainj?, *  ielioat« part of   tha  pror»n,   in  v*ry w«ll  control lad 

'w  iutoaatic pH control.    The evaporation poaaa  upacial   probi»«»,   du» to tha natura of 

the product«,  for thax   «ataríais hav« a boiling point wiunh  Uaa  balow tha orjatallua- 

tie.'i point of «mom un pho«phate at  conoantrat ion» of ovar fV"- pai   cari t. 

J/    The view« "and"  opinions «xpraaaeé in thia papar ara thou« of th« author 
and do not naoa««arily rafltci the vir»*« of tha soeratariat of tJNIBO. 
Thia doouaent has baan reproduced without formal editing. 
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^rvdìM on ti*. -ti»©© of .M.li.1»* **© •* f*«*«*. ©vp©r.*i©« i- «•"*•« ~* 

lo n P«r oo«* ror prilUnf ma %o V> W e«** f«» P1»1«1101' 

*,•. of ito» -ti«. M 1- el— .tro*!,  «•»«*• - «H.  P—iU«. •""*»" 

and on th« product 4«©ir*d. 

•o Inf ««itoti, tho pfilllnff fr©©««» onw» ««"* 
»Uh • gro.*or *•#*•*! of gr«t©«,   tM gr-mUti©© .1«** 6© ©•©•©•. 

jr^-. H     i mi ¡iri-imiimliiä 
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i r*§r«t tlMM mm of ita •«§•• in îtm «ácrwfic*« 
e«ty »f tfcit rcpofl ••? iM»t W Mf» t« tlM proper 
tofâfcUltr •tMé'arét, •«•• tboot* ih« boti poetiti« 
eo»f INM •••a l»f »r«o«ri*f to» mitr  fico«. 



T»a A«a of a—valu» »ulUfta  H tht proemio» of «at•a»oaafc«,ta_ai 

no«  ealy 

« aa  • 

I,   Im roduft tug 

5St-ÄIWi».S»iÄ8i!.K.t-ISS.ftHrita! 

TW eeeauapt »o» .»(   m an lu» aulpaat» »a m atratgh«   ftrttltMr 

•  rala«tv«,  but   al»<> a»  »taciuta dtcniM 

Taa prvtfuvt   en sa boM«b<   at  oerl«~»*rt»t   prie«*.   oattra of ta» aajjr M««r  ta» 

t un apart   rem,   «bit«  tfco attrapât»  «aiti  aulpaur   ara  fra» 

îf  aajaootua au!»Ha ta   t«  enaatoarao   •• t  rao MttU»)   for «tga-autrtaat  e< 

tl  la »«rtJanla  io  tavaatigai« ha*   tata attuai to*  »hall  ka coatti 

Tía) §r»ata.   part   of   tita »orlo ov put   of  aaaK*lu»  aulpttata  ta  oatali 

•apro lac ta«   (rao aatartal  api»«)  e.r pMutt ,   m »cat  eaaaa 4  S  toM 

»wlpaata  ta preatuaad par  to« of aaprol**ta» 

•ea* procoaaoa  ara avallasi» oliteli proouea   laaa   aaaoalua au l aitata,   a |. 

•taaloaraua« na« W»a»p»«apt>at» proeaa«    ««tell »ta'oa ealr  1   • toa* of A« par 

tea of  «aprolactaa,  maé  HAM'»  arxia»»,   pi »*;*»* tup   2 •  tua» of  Ai par toa of 

caprai acta» 

Taaaj'a caproiocta» proaHatt tea aaeuata to  i  I allllua  toaa,  pivtap • at H toa 

tt*w of  «aooniua aulpaat« 

•er   iff« a c^rMnia pretfuottoa ->i   a.oou.ouu  toaa  ta aavtaapa«, ftvta«  a 

primait toa of armta*  » at Uto« tea« of  aaai a tua  aulafcata  (aaa  fig    >> 

TW eaaMluaiea »l«at  bo   'hat   taaro   ia  • lanatM»   tooarda a  lavar  ratto of 

wa   ni ni   auiaaato  t« eapmtaataa,   tout   *tt» tao oatattag aruatuctioa uatta 

ta»    »varapa    «til    IM    ainaaaaar«     ¡»round    i %     toa*    uf    aaaaoatwa 

aal pa« ta par taa of «aaroloeiaa    fata puta a atop  to  taa  laaraaaa af  taa 

aaaaattao au taa« to prouuoitua.  »atan aiti   ia*«l  ami  at   '-• atlltoa tea» pa)r paa#, 

m» aaauNaaptlaa of «aawaiua awlpaaia «til   r»aaa a lawal of  11 oil He» tat» par 

fa«-   ta !•?§  (proeaai  »vaauajptlaa akuwi   » tinte« toaiaì 

t*m II» •*»«• oe*o laterali aaa  It   ta  aaar   that   aaaMtattai »wlafcala »a* hp 

«arp a*U  a» a raa aatarlal 



TifrfiUàt fi°i istilli 

Altaaag» having «t   it« dt»po««l  M OUOA-tf»» ««UUaa-aitrata «iy«taili««tl 

pro««««,   WM  l»rf«l|   iurm4 tu  tt» «racipliaUoa prMa«« 

«• .tell on. r«vta«.  «tap «y »tap. tte MI«    tatara* t tag part« •! taa 

ij.?Âf»f!lff.ff!U89 
Ht« ataaattoa «»I II» paoapa* t« rue« c* «• ««MP «ita a-it) % laa« litri« MM 

ttea «aal« aa —••««   If wmMUr  r.tto« aa« to to aaa*    Tal» la la aaatrMt 

«It« taa cryatalttaatloa proeaa«,  »Iiieh  roqutra« «a aa«««« •# altri« Ml* of 

^ to it 1 (aeat oí «aie» utar oa «ppa«r« *• aaaaalaai alt rata)  ta «at«la « 

»-¡¡ü a«t«rt«t  of  «O  % *«t«r-«olu»Utty 

Tao «at« raoettoaa tfclck o*etir  la taa «tfastlo« «tap* «rai 

C^CfO,), • • «ft, __-» ic«(»j)a • M1»o€ 

Cat    • MJft, -—-a» C«0»j>a • a' 

CaOOj  •   MJDJ  a CaO»^ • «,0      CD, 

a0*i,04)l  *   V«  • 5C«0ISP04) , 

If  ta« «aura»«nttnaa« eea«a»l«at aXya'/fjO, ^*»4* *• MMl,  tip •!••«• •^•|°i 

ra'.lo of taa proaaat «tu a« »www 1  «, eaajaaatai »© MM aataat a« tla> typa 

of phi iplii'i  root a«i aa«iro* ««t«r-»ol»t*ii ttjr  <«M fi«.   1). 

aa «jaaaaiMB «alpteta «*»iuuw» aa* th« «igaatM rock ««»lai laa ara fai ta ta» 

ft ret  prMipttattoa raaator,   ta » cartai« ratio, 

ft* «Mitto« of tte palate!« a«« t© a« «OM «aralaUy,   la ml a «a* taat aa 

«•«ttr ftlt«r«aia prMipitata U oatalaM    It  i«, of aaarna, aoMlal« ta «IM 

alaaat all Ma «alriM loa* «a etici«« cat ateta,  la *aieà «aaa tap filtrata, 

altar prapor tra«ia*ai, yialaa aO*l«u % «atar-aolaala ••«'• iwa pteaatet« 

It • «tffaraat «•«•r-Mlaatut*  u prafarraa. p«rt mt ta« «IfMttoa Uaai« «M 

aa «tert «treuito* » row* ta* praeipttatlaa, «ilea a»— Uat tip tiaai «olatlaa 

i 



/ - 

viti saettala UM sastra* aa-juet of «ti«tua pèatepaate    le téla eejr taa eater» 

eeluelAlty  of   the  final  product  «MI IM oc«troll«*  MI •••Irmi 

Tao sala precipitation  reeettoa«  arai 

141 414 4 434 

Ta* flurry,  »ont al M »s  ti» ty**s* M OaiO    M 0,   le oeattsseualjr fa* ta • 

tllabje, paat filter,   «ta a eeeoad  reeetor. 

11M filtrati««,  »hich   u ouoplete*  ta oe* revoluti«« of MO *,  ss* fco Stvlée* 

lut* ti» felloeias  etafee¡ 

- first  filtrati * 

- I«r 1 vasaiafa ef  ti« fypeus cea* 

• dry's* ef  tlM caaa  by  eactloa 

»voi of  ta» eoa» 

Ta* —my fiiterabtlity la eaoea oa taa aaat  tao allea*,  Miss 1 saess tee* 

ta* prosuat   la «least  dry «¿ter ta* fi rat asmi «lié* 1 esos» tast ta* tjpaaa *• 

••ally  I—IH*    A avo«lai tra* of flitar «iota hta ta fea ussd darts*: tat* 

t 

.3i.ïR!î£fllïf!!SÎ-A» fï«f£îHS» 

Ta* eoi lac tod filtrata la neutrali*** «Ita ***N*ia.   Tilia 1* a delies ts 

•tap, aseases la taa product loa of fertiiiaare of looar eetsr-eoluellity taa 

• t«a a pa value «111  eaueo  ( o rae t loo of t ricalai laipÉ i ipllitea,  »olea aera»lly 

raault*  la a looar •atcr-eoluetHty -  as veated -,  but  ateo laflu*a**a  tas 

el trete-eolubUtty 

0» taa other hand,   if HPK la produced otta «Cl  la the  Iaft ataga of tas p 

taa la« • pM value «ay fMilitata eeeeasos 1 r loe of  tao product  la stack 

fW asm trai i «at loa roa« ti on la another« ta aa*), a*p*a*l«f oa M/»_0 «ratio sa* 

•stsr-selastllty, eat 1 lap  in taa aauttellaer is poeaible. 

flat aala aaat rei issi loa react iuas ars: 



cad»,), • Ä,fO| • m^ 

'« *   m. Vo- 
tar •• c«(iK) ) •   2KH. 

CaH»T) 

•  KITH PO, 

•   2KHtN03 

• aM^WOg 

*• CaF, 

C»(M01)2   ***3*°4   *   »Hg -• C«(M2PO4)2 • ^mi4M03 

TS» proper iitr«« of neutraltaatIon  1« obtained by au tosa tic pH control. 

After neutral l••' loii,   th« aolutlon ha* to be concentrated.  Tho evaporation oí 

«•tor also preaeot* aoae «»octal probleas   ID thia caae.  In tho ft rat ploeo this 

la duo to tho fact that »itasn a «io«  ran«« oí concontrat tons  'he boiling point 

of tho statura  i« und«*   tto cryatall laat Ion-taoporatura of  aawoniuer-pboaphate 

(rif.   3)    In tao aocoiMt placa difficult toa «ay bo cauaod by tho proaoneo of 

gypaun  If  a product  of  tuwr nut riant  valua  la doalrod. 

A circulât ion-typo avaporat fan,  however,  flvaa vory good aarvlco for thia 

purpooo.  A    licitili unit la chosen for reasons of oconoay.  In tho first at ago 

tho solution la concentrato* fron 50% to 75% at  a bolline temperature of about 

110 °r.   ip tha seeond-slsge evaporation tho teaperature of tao circulating o»lt 

la about  17U °C,   and  la kept  *«i*  aixjv«  ci*a cry* «all laat Ion point. 

Tha no It  ta no* ni>v!y t» mcrw» *t<* tinnì    1er«. A ao loot ion «an bo undo out 

of tao e*thods'.   prilling or granulating. 

5¿.§hat¿!!f 

for enpncltloa ovor  100 ootrlc tona/day,  tho capital lnvaataont «111 bo lovor 

for a prilling plant than for a granulation plant,  for a production of appro«. 

1000 tona/day,  tho d iff «ronco la in tha order of 201.  Tho povor consumption 

and boat  roqui reventa are nor« favourabl«  m tho prilling opération  (cooper« 

renoval of eater out of a nolt and out of a »olid «ránula).  Another great 

advantage of prilling Is th« aImpI* operation and the anooth running of the 

plant.  The recycle «111 be about 10%, «hereas vlth a granulation operation it 

aliht  rlae to 40O%. However,  there  la a liait  to th* coapoattlon of compounda 

to be prilled. Materials with a high viscosity and a high percentage of solids 

In the nolt   (for instane« HPK'a with a lo* M to P,^-rat lo and a high KCl* 
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content) may pos« probl«.s in prilling. Por .ore detailed information I refer 
to other sourest  (Lit.  I, 2,  3). 

III. Econo»ici of  the procasa 

Compariaona  for grass-root plants basad on different procaa.as have bean aade 
on savaral occasions  (Lit. 4,   5, 6). 

We »ill her«,  «strict ourselves to dealing with a special case «here a fertil- 
iser production unit is available. 

Starting fro« tue fact that the »xlating production is baaed on phosphoric 

acid and nitric acid, we »ill  look more specifically at extension of such a 

plant with a nitric acid digestion and precipitation-filtration stage. 

It »ill be clear that the diclsion to rebulle is largely dependent on the price 
of ammonium sulphate. 

It doea not  matter whether phosphoric acid has to be bought or is produced by 

the sane company.   In the first case  the purchase price has to be conaidered, 
in the latter the aalea price. 

For ease of calculation, only one product   (viz.  17-17-17) and on« capacity 
(600 tonaAHy) »ill be considered. 

Table I give« the cost p.xoes of the product baaed on the two different product- 
ion metboda. 

Table II glvea the total out-of-pocket coats,  including the difference in aan- 
power requirements  and maintenance. 

The difference in caah-flow can be calculated from table II;  it amounte to 
C » 200,OGO   (-3.70   f 0.112 Y -  0.37 X). 

This relation is presented in Fig.  5,  for different P^-prices, as a function 

of the assonimi sulphate price. 

The graph is helpful in estimating the asuoonium-sulphate price,  if a certain ' 
profit on new investment  is demanded. 

For example,   if the DCF  (based on 10 years, before taxation) on new investment 

ha* to be 15%, the minimum caah-ilow for an investment of $ 3.5 mm has to òe 

f00,000 $ per year.  For a present phosphoric-acid price of $ 130 pt»r ton of 
P2°5»  tha •*««"»*«••-«ulphate price has to be maximum $ 20 per ton C.I.F. 
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m. mm. «ut. «„i. mmm,. .„ „.,,. „.„^ Mld ^ ta a 

~.>l- . ,r.f », of ., u„t tn mUmmm ,„.„„, 
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Litaratura 

1. Prlllad or granulata Fertilisers 

Vernède, j.      Nitrogen «0   July/August 1969 

2. The prilling of coapound Fertilisera 

Stean*lnk*l, P.E., Hoogendouk, J.w.       Proc. Fert.  Soc.,London 
April 1969 

3. Teftkaology and economica oí ooaplex fertUlier production 
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December 1969 

4. Nltrophoephatea and • lawn tal pnoaphorea In fértiliaer Manufacture 
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