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Ditfiiig the Pd..t, • ,..-.  v,.arsi   lt   it.,3t fiJX a,n>;tf!nt proCt!Sseii nave beer df,v<.lopad 

in oroer  co p-oduc, n^r^^^^t, ertili zerr with high water solubility of the 

phosphorus  c^.-(ll.     Ai.   of   i—^ i-t-ovei^os  st,-:k  to separate   the phosphoric acid 

and calcium nitrate wluci, «e  the two t,r.ncjp.,i  conporents in the phosphate rock- 

nitric acid attack soi.uti-.-r.. 

These processes may  be .• I •» ss i í led into one of three major categories, 

1. Calcium nitrate cryat al ligation processes  (Norsk Hydro and   . 
ChemoprujekVBamag) ? 

2. Phosphoric ,iei4 extraction processes   ÍTyppi Oy), 

Í.    Calcium sulpliac«. precipitation processe»   (Staraicarbon, Chamico, 
foster Wieeler and others)   (also called ammonium sulphate recycle 

re«* of these procrea are described in papers at this Synpoaiu*. 

The bauli, for increased interest in tvitrophosphate processes during the past 

Hx to eight years has been the high prier  of sulphur in the recant past.   A few 

year* ago sulphur prices wer« m high &« $40 per ton f.o.b. Gulf of Manioc and 

othar production points, although the price of sulphur ha« dropoed greatly «ina« 

the».    The future of sulphur will oe üiseunsed in a later paper at this Symposium. 

Nitrophosphate pnce*»«« c«n product N-P fertilizers over a range of composition«, 

auch as 28-14, 24-24, 20-3ü,  14-42, »tal  , withcut the use of any sulphur.    This 

is clearly an attractive approach to fertilizer production when aulpttur it high 

in price, but it becomes less Attractive at lower sulphur price levels. 

It is the purpose of this brief paper to compare the coat of production of 

»~i> fertilise** by aeWral nitrophosphate proem«« with the coat of production 

of the saae N-P fertilizer by a pweei. using sulphur (via sulphuric acid and 

Phosphoric aoid).    if production costs are equal,  eulphux-based procos,.. ars 

probably to be preferred sine, they ,re »ora fiexible than nitrophospi-t. proes*«*.. 

Nitrophosphate proca»««, „. relatively inflexible and this is a drawback to their 

widespread uae unless they have a substantial production cost advantage,   all 
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During the pest ten years at least six different processes have been developed in 

order to produce nitrophosphate fertilizers wi\.!i high water solubility of the phosphorus 

component.    All of these processes seek to separate the phosphoric acid and calcium nitr^o 

whioh are the two principal components in the phosphate rock-nitric acid attack oolution. 

These processes may be classified into o.ie of three major categories: 

1. Calcium nitrate crystallization processes  (Norsk Hydro aw'. Cheraoprojekt/Bamag); 

2. Phosphoric acid extraction prooesses  (Typpi Cy) 

3. Calcium sulphate precipitation procréées  (Stamicarbon,  Chemieo, Poster Wheeler 
and others). 

Four of these prooesses are described in papers at this Symposium. 

The material and energy inputs of all these prooesses are comparable.    Little infoanti- 

tion   on ospitai oosts of plants utilizing these processes is available.    Estimates of 

nitrophosphate plants producing 1,400 tons per day cf a 28-14*0 product run from % 5 

to % 10 million, battery limits.    Therefore there is no basis for knowing at this time 

whioh of these processes would have the lowest capital cost and/or the lowest production 

cost.    Usiag an assumed capital oost of I 7,500,000 for a 1,400 tone per day plant, we 

Id. 71-66» 
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have estimated the production cos* of ¿G-14-0 by any of these processes at   î 25 per ton. 

This cost can be compared with the production cost of a plant producing 28-14-0 

by the conventin*^ «ulphur-aulphuric acid — phosphoric acid — nitric acid — ammonia 

procese.     If we assume the capital cost of such a plant with a capacity cf 1,400 tons 

per day to be   * 7.5 million,  also,   the production cost of 28-14-0 comes out to J 25.00 

M ft»» price of,sulphur is  ¿ 5.00  per ton.    Therefore by thio rough calculation it 

appears that any of the nitrophosphatc processes will have a lower cost of production 

for a 20-14-0 product than a sulphur-based process whenever the price of sulphur is 
«ore than -Ì ^.00 per ton. 

It must bn emphasized that this calculation is based on several very broad 

assumptions and also that it relates only to the particular 28-14-O product.    Por 

other product compositions the relativ© production costa might be significantly 
different* 

R 



nitrophosphate pro'-•«••a s e-; y Leía i, to'ai pro .¡u<. t., j^'luujn»' »it et;-;,•<:•>mett,, with 

ar. overall N~v,,uc> ratu* of «round .:-'., ai*U:i muti.il I/.ú ./n <:.; phcí.^icir ¿>-- dc:d 

with ammonia and ; r.t>v,.r:üor» oí c.íjoiur t.itr.'U? lo .j!v¡xuoir nj.u;aí*'. Kruoucnt-.ly 

the overall N-P^Ot tati«- is «¡is- i4, ~>ut tí is dtiptud.; or* t.ht ,hi>»i<-j»l Analysis of 

the phoaphate rock UBCJ. if fch# en J cium nitrate pnvi iced :n the* initial digestion 

i« utilized as calcium ni trat«, ir¿t^ad of b<í¿ny converted to ¿ronton iom nit/at«», 

then the overall M-P„0„ ratio will be around l.i-l. 

Sine« the overall N»t 0r ratio of forti«tzer samiusnptiìn in many countries 

is around 2-1, nitrophosphate processes do fit eh© N-P.,0    coriftumption ratio of 

Uî«S« countries »  even though a single product with t:hfe composition 2Ö-14-0 is not 

used vary widely.     It would probably oe better practice to operate a nitrophespiiate 

plant to produca a  ;?4-24 primary product p3ut  .»«.ormi* liticate (34-0-0)   or calcium 

nitrate  (15.5-0-0)  as a secondary predict.    Fc .ash can, oí cours**,  b« addßd to 

giva a 1?»17-17 primary product,     in the phosphoric «cw extraction process it is 

possible to produce 26-2fc-0 or  18-18-18 primary products. 

in comparing tho economice of two competitive r»*o>>3si»08 ther« ar« two 

approach*--a which amy be used* 

1.    Coatpare th« two proeose»«^ producing exactly   (or approximately)   the 
product. 

2.   Compare the two prêtasses producing tha same primary product but 
di£f«Lr«mt secondary product«»  íur no secondary prnducti. 

in using the* aeconu approach thwre in th« problem of selecting a pria© ar vaJtw 

1er tit« secondary product or producta which will be agv«»id to by «11 porsoni to 

who» tha comparison is of intwrest.    This is very riifficult ta do. 

«isr^fore this paper uses the first approach of comparing several proewse« 

producing exactly   (\r approximately)   the »am« ptoduct.   lour processes are cca^arad, 

all producing 28-J4-o\an the sol« product • 

1. Calcium nitrat* crystallization process 

2. Phosphoric acid extraction procae» 
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j.    Calcium auiph<tí.ft [jri.^¡.pJ:aiL>:¡ iiu''^.,   ¡a;so  -a.UeJ aímuoaiui.i fuipiwte 
recycle process) 

•Î.     Suiphur-tasüd r^-co...;  v-a  Hîilpnur ¡c acta ut* r^o^horÁc «ici»i  co 
produca ammoni uni p¡.o;;ph^;:o MVUï  «:'•     .¿d'HH \..M -ji   ¿noücih  nitrii: acid 
and additional amilo r,i.;i  u> ma ko   i  .¿ü-i.4-0 ptuduyc. 

Admittedly probably nt. ono would çl>K,t  to make  2B-M-0 cy the la«»t~*entioned 

process, but  xv. couiñ b¿» mad«   tuât *ay,  «ind it doti'* rosy it; ta a product nearly 

identical with the 26-14-0 pioduct tr.ide by the three nitrophosphafc« processes. 

Figure 1 show« simplified flow shcatu of the four processes and Tabic I 

shows the material ami Qmrjy  inputs per  ton of 28-11-0.    î-abie J indiestas that 

the material and energy inputs of  ill four processes are approximately the same, 

except for sulphur.    The sulphur-based procese,  of courue, has a siuiphur input 

which the otter threw prc-aaseï do net hav«i.    The calcium nitrate crystallisation 

process us©s about double th« «tojnt af elt-ctrinity it  the other thru« processes 

because of the cooljng load,    The caieiw; suir»hat« precipitation process uses 

«ore steam b*aau»u of the creator evapor «Uc-n ICKI.    Also, the caiciusi sulphate 

process has a sutal) gypau» «eki-ip b«c*auR¿»  ?f utnmcnium aulphate losa#s in t*i« 

calciuii carbonato filter ceke,     ì-at otherwise the'Input.« art« nearly the aaa« fer 

ali processes. 

Table II gives the coasjsarative pr<* nation costs per ton of 28-14-0.    With 

siuphur at $10/ton ail four production costs coes? out very close, wittii.it m rang» 

©f $29.25 to §30.35 per ton.    According fco thws« figures the phosjpnerie acid 

««traction process might have a slight edge, but the difference is probably less 

than the error of estimation and also this process has not yet been testis in « 

full-scale plant. 

Production costs based on capitai  investirent have buen estimated at 30t of 

investment per year as detailed in rabie m.    The 30% per yeai   includes operating 

labour and plant supervision «t 2* ptsr year vhi,:h m m good an eatiraat« of labour 

cost as a detailed analysis cf tiumbt-is of p«'> 3onn?l auiZtiplied by their wage rates. 
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Labour «mi supervision A*» ,» minor sosf ia an*,- »:v<-nt. 

Coït* hase«! on capital investment »r«, of course» a manor factoi in the 

production cost calculation wicunt IH-J to art>ut ib%  of tctal pre dut trior* cont  in 

ail four cas««. Capital Investment estimates aie vary difficult to obtain, 

particularly Cut a »pec A fie plant nhich :w*, prcbably never been built anywhere. 

Estimates were obtained from a nus&er of well-known engineering firma for planta 

basad on this calcium nitrate crystaltisation, calcium sulphate precipitation and 

sulphur-baaed processes. The estimâtes for a pl»nt producing 1430 T/t> of 28*14-0 

varied fn» 17 »i 11 Ion to $10 million. Sine« there va« m fire basis for assuming 

any significant differential among the processe«, a figure of $7.S million was 

selected for all four processes. 

The figure of $7.5 million is consistent with capital cost estimates for 

mailer plants presented in papers at this) äymposriss by Cheisoprojskt/namag 

(cale lus ai trat« crystallization) mnâ by Typpl üy (phosphoric acid extraction,*, 

It might lie argued that the sulphur-based process should be assigned a smeller 

capital investment cost than the other three piocesses «since it is a sea«what 

I     simpler process awl does not require AH much stainless »teel eoruipment as the 

I     processes using nitric acid digestion of phosphate rock. However« if the 
l 

eulphur-beeeU plant is taken as |6.5 mi ¿non It reduces the production cost by 

I     only $0.64 per %m,  fresi $30.10 to $29.46 per ton («iti» sulphur at HO per ton». 

As another approach, the relative capital costs may he «stimated roughly by 

comparing the major pisce« of equipment required, fable IV lists the principal 

pieces of equipnent required by each process and looking at these equipment lists 

there Isn't much to choose among the four processes, fossibly the sulphur-based 

process night be a somewhat lower capital cost than the other three. The list 

of equipment fox the sulphur-based plant is shorter, but the sulphuric acid and 

phosphoric acid plants are relatively expensive. 

The reader should please note that in this comparison all foui processes use 

the same amount of nitric acid so that the cost of a nitric acid plant is not 

4 
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included  ¿li   ;»'->*••  '-..'j;::..., i   ':>>:•-     ui    M.y 4>i   esc pruù:. íí.•,:•'*.      í'    xa¡ .íSbumed tnat  aí 1 

four F-tan'cs prndut i'ij  .::-;  ?*-.<•-u -ro«.m-.t  '.•.yul.j be. atuichod  to «n aramonií/nittic 

a«.ici p¿.ar.t. 

i'ivtv.r-..- ¿ ciT?4>.i.-«'.. t.'i-   , ru'.,;cCí ,••   i. •:•••.••:., •'!   tat   fon  ¿'j'ocußües «a a function 

of Lht- .p).*i<:u of ?;..'] ¡ut       <•/!  ?;>"•.  LT.r«-« n : < f. op ho « ph.ì to procosse»  Che production 

costs are, of cour-.-«,  ¿ück-r-m :;.it--. of t-»,f p» ice oî ruii-r.jr.     uut the production 

coct ot th« !3uii>r u'*-ti'*: ! pri-»fe.,  i j a 3ii.<ar function of the prie® of sulphur. 

Neglecting  th*  C' ia*;.iv,-.;_\   u-.h.oi    si ; fai Si.nrt« aiTK.-Juj thi production costs Of tri© 

throe nitrophosphare prc-cesM^,,  it app^-rs that nitiônhosphate process«* are 

•«cottomie*3iy competitiva w.Uh nui phut'-tweed proueaíse* whan sulphur is around 110 

per toi. d«3 i.v'fei-i.'rt  ït  tir* yJju t ».it-;.    Whiii* rue (rie», of sulphur is «uch lower 

j,n 1^71 trvan i4:  -/a;; in J'.>&!:, y«*.  ..h-.ru «lu v^r/ fi.".- .lucv.-ìons in th« world where 

»ttiphur C3»i be d<ïl .• v^ro-d to s ^jJ.^nr  aite for $.».0 per ton. 

The íoregctJXHt comparison i> obviously **îî arti i* io val approach since it is 

unlikely that anyone would »«aid a pia.it to make a 20-14-0 product via sulphuric 

and phosphoric   tcid? , oui   yet the analysis giv«*¡ a general Mais for comparing 

the relative eco..oa'i. ; r.t nitio_ahtjapi.it-.--! '..tuciss-«; vs.  sulphur-based processes« 

The decision to adop'. or nut to <».dopt a ".itropnospnet.o proches Jn a particular 

country will ''t,>cnd on wneU„>r <-ha nou* -.ry aan effectiveI    use the types of 

fertilisers produced by iii.ttrophnfjphavj prcctissns. 

Tli# old question of wat< r su'ubi.Lily of the phosphate component of fertilisers 

is no longer of s x ani fit ant * -inno «ny degree oí wnter solubility of phosphate, up 

to 100 percent v*au-* solubility, c«*r» l« wed« by a*.»v of the nevi nitrophosphate 

processes drtvelopad Juriivj ti;*: paat Fax year.*..    However,   It ia questionable 

whotiwr phosphate wat^r solubility over Bo percent has any real merit« and several 

nittopb >sphat« yrojoctn dm-¿j.y Uv past £«w /e-ico hava deliberately selected 60 

percent vat^r «r-luhiilty when th*y could have hac* ao ot 90 percent water solubility, 

but at  higher eo«t. 
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Abbravlattong 

PH   • Phosphate rook 

C%   « Caie ima nitrate 

CS   • * Calcili» tu If a to 

CG    « » Cftleium carbonato 

NA    > > Nitric acid 

SA   < * Sulfuric acid 

PA    « • Phosphoric acid 

AN • Ammonium nitrato 

AS   < • Ammonivi» sulfato 

MAP « » Henoawmonìw phosphato 

DAP • Diaimonim phospfcata 

TAP • Trl«mmoni\wi phosphato 

DCP « • Dica!eia» phoaphato 

TCP i > Trio ale i um pho^iata 

0 • MHrophosphâto 
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,r-il         sulphuric «cid- 

JkTÄ*W*      proemi ftf I«W^ 

.4i 

mtf- 

2* 

.43 

.» 

.20 

(IS/eafi 

I 9/tM 

» Calcium nitrate crystal J iMtJl<>». i«*««»*» *M oho*!**!* *ci,l « 
operate with t.«lwrBIUB of c.!«,« . it«t« to'ÎÏSiïr^Si! 
all «oniu» »;*„*, into th* «sir* *... piooMf s^* ****** *nd ra-in^Mtion «f 

no offtake of Mi or »p. *lf":  Zn to»fh" prooMt wit* 

Nitric «cid produced in £00 MT/D pUnt wit;, ««milt **>*t«d «t «IVNf. 
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1,00 

.     1.00 
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UMta tared on c«$itau 
(30- ©f c«pit*ì/y«#r)       M 4.3u 

*2S.75 

|    * *Ui»t Sì**  -  i4J« Ï/0 o«  472,000 T/y ol   ¿H-14-u 

1 .00 

-1 .oo 

.50 

_ .JO 

25 .Crj 

-1 .fio 

£J0 . j-' 

¡ lti"»:.n<it..-i"? 'T ;-,•. ¡ pluir- 
ji ¿ulphuii- acid- 

-• xt-.r.-i'. '. u>ii    prjos[ihoiit, a<:irì      Price« 

k£:-:*:H;7- .... 

7.-OO.O^ 

«6.45 

8.70 

7. ¿<ì 

50 

i uè 

.liù 

.JO 

24 .4$ 

.JL .80 

$2* .as 

Í7,50üt-X>0 

$6.45 

e. 7o 

7.00 

1,35 
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1,00 

.50 

.30 

25.30 

4. HO 

$30.1U 

$X5/ton 

$J5/ton 

$35/tcn 

$10/ton 

5 5/ton 

$ 1/ton 

4C/k,9. 

K/kwh. 

lC/uu.m. 

i   » * Cartoon dicmide, proc«?«& »wt«r, »ht*.* sfirife  (CHP/ftamag prcc&äa),  solvent. Joss 
ÍTyppl Oy process)  are al)  iKsglecte.1 because vrry sma.il. 

••• i'totftat« rock - 34.4% t»205 

«t 

tf ««pitti  inwwttnnt »f «ulphur-bMcâ plant is mmmwmé to be 96,500,000  Cinsi*«« 
(»f $7,500,000),  th«i4 cost» b»»«ii an e*$»it*l woul4 hm reducmd toy $0,64 «tua tota-I 
product ior oo*t would bt> K ed attui to ¡M*i.46. 
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Tabi ti  XV 

ffgJQ* PA.ec«» of  JLqujument- w«.-.»,¿ttiA 

Calciasi 
nitrate 

crystallisation 
— y^ygg^-.^ 

Digester 

Crystêllittr  (for cm 

filter  (for CK)* 

Aswotiio-earbotiater 

Filter (for cc) 

Meutralisar 

Evaporater 

Granulate*-*« 

fa¿cium 
sulphate 

precipitation 
 J^tocess  

Digester 

Pr«cipitatar  (for CE) 

Piltwr  (for CS) 

Ammonio-CfirboiWkter 

fri!ter   (fot CC) 

Neutraliser 

Evaporater 

Granuìater** 

Phosphoric 
acid 

extraction 
procesa 

Digerì ter 

Kx-tr acter  (for t>JU 

NeutraJ,i aar 

Separater 

Amincinio-carbonater 

Filter   (for CC) 

Evaporator 

Cranulater** 

Sulphur- 
sulphuric acid- 
phosphoric acid 
 ^gyoceai 

Sulphuric acid plant 

Oi»e»fe«r (for PA) 

Filter  (for CS) 

Neutraliser 

Evaporater 

Granulata*** 

•Centrifuge can b* used ir. calci.« nitrate separation 

«•Frilling tower may b* usud instead of granulater 
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