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During the pdact ten veers it lesst sox i feront processes have been developed
in order co zroduce niteoplocdiate fortitizers with high water solubility of the
pilosphorus componeni, ALy of +o.

feoprniensan seeh Lo separate tne plivsphoric acid
and calcium nitrate whicii are the two br.ncipai comparents in the phosphate rocke

nitric acid attack solution.

These processes may be lissifled into ore of three major categories:

l. Calcium nitrate wrystallization processes (Norsk dydro and
Chemoprojek! /bBamag; ;

2. Phesphoric acid extraction processes (Typpi Oy);

3. Calclum sulphate precipitation processes (Stamicarbon, Chemico,

Fogtur Wheeler and others) (also called ammonium sulphate recycle
procenss), .

Pour of these proceuses are described in papers at this Symposium.

The basis for increased interest in nitrophosphate processes during the past
6ix to eight years has been the high price of sulphur in the recent past. A fey
years ago sulphur prices were as high as §40 per ton f.0.b, Gulf of Mexice and

other production points, although the price of sulphur has dropned greatly since

ther, The future of sulphur will ne discussed in @ later paper at this Symposium.

Nitrophosphate processes can produce N-P fertilizers over a range of compositions,

such as 28-14, 24-24, 20-30, 14-42, etal , without the uze of any sulvhur. This

is clearly an attractive approach to fertilizer production when sulphur is high

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

It is the purpose of this brief paper to compure the cost of production of

N-P fertilizers by several nitxophosphate processes with the cost of production

of the same N-p fertilizer by a process using sulphur (via sulphuric acid and

phosphoric acid), 1f productior costs are equal, sulphur-based processes are

probably to be preferred since they are more flexible than nitrophospihate processes.

Nitrophosphate processes are relatively inflexible and this is & drawback to their

widespread use unless they have a

substantial production cost advantage. All
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SUMMARY
COMPARATIVE PRODUCTION COST OF FERTILIZERS

United Nations Industrial Development Organization
Vienna Austria

During the past ten years at least six different proceasses have heen daveloped in
order to produce nitrophosphate fertilizers wii» high water solubility of the phosphorus
component. All of these processes seek to separate the phosphoric acid and calecium nitraie
which are the two principal couponents in the phosphate rock-nitric acid attack solution. ‘

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

1. Calcium nitrate orystalljzation processes (Norsk Hydrc an® Chemoprojekt/Bamag);

2, Phosphoric acid extraction processes (Typpi Oy):

3. Calecium sulphate precipitation procesmes (Stamicarbon, Chemico, Foster Whesler
and others). ,

Four of these processes are desoribed in papere at this Symposium. e

g $

The naterial and energy inputs of all these processes are comparable, Little infomms-
tion on capital costs of plants u"‘tilising these processes is available. DEsiimates of i
nitrophosphate plants producing 1,400 tons per day of a 28-14-0 product run from % 5
to $ 10 million, battery limits, Therefore there is no basis for knowing at this time
which of these processes would have the lowest capital cost and/or the lowest production
cost. Using an assumed capital cost of $ 7,500,000 for a 1,400 tone per day plant, we

*
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have estimated the production coss of 20-14-0 by any of these processes at | 25 per ton.

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

by the conventioni? sulphur-sulphuric acid -- phosphoric acid -- nitric acid -- ammonia
process, If we assume the capital cost of such a plant with & capacity of 1,400 tons
per day to be . 7.5 million, also, the production cost of 28-14-0 comes out to } 25,00
AL the price of culpaur is ; 5.00 per ton, Therefore by this rough calculation it

appears that any of the nitrophosphatc irocesses will have & lower cost of production
for a 20~14-0 product than & sulphur-based precéss whenever the price of sulphur is
more than : 5,00 per ton, ;

It must bc emphasized that this caleulation is based on several very broad
assunptions and also thet it relates only to the particular 28-14-0 product. For
other product compositions the relative production costs might be significantly
different.,
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an gvera.l Ne-v. O, Yabtu of around - L, aftel acubzalozan.on of pheninor e qoid
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with ammonia and copveorsion of celodue vatrale o ameoiaw niratse . Freougntly

the overall N—-1’23 «

0, ratic is Qv da, out this depends: on the Laemical analysas of
the phosphate rock uged, 1f the calciuvm nitrate produced :n the initial digeation
ig utilized as calcium nitrate, iritsad of being converted %o ammonidm nitcate,
then the overall 95-9205 ratin will be arcund 1.!-1.

Since the averall N-P.0; ratio of fertilizer Zousumption in many countries
is around 21, nitrophospnate provesses do fit the r:~i=2tfi5 consumption ratioc of

thesa countries, even though a single product with the composition 26-14-0 is not

uged very widely. 1t would probably pe better practice tu opwrate a nitrophosphate

plant to produce a 4-24 primary product plus ampopirum nitvate (34-0-0) or calcium
nitrate (15.5-0-0) as a secondary prodact. Pe.ash wan, of course, be added to
give & 17«17-17 primary product. 1n the phosphoric actd extractinn procesg it is

possible to produce 26-4€-0 or 13-18~18 primary prududts.

In comparing the economics of btwo cuppetitive orooesses there are two

approaches which may be used:

1. Comparxe the two processeln prodicing exactly (or approzimately) the
same product,

2. Compare the two provesses producing ths same primary product buat
different secondary products (ur no secondary product).

1n using the second approach there is the problem of gelecting a price or value

for the saconiary product or products which will be agveed to by all pexsons to

vhom the compaiison is of interest. This is very adaifficult to do.

\ )
Therefore this paper uses the first approach of comparing several processes

producing exactly (Xr approximately) the same product. Four processes are compared,

all producing 28~id4-Nag the scle product:
1. Calcium "itraty crystallization process

2. Phosphoric acid axtraction process




3. Caluium sulphaie Rrod ipuboroon 1Iuross (2180 valled ammiius sulpliate
recycle process)

4, fulphur-based jrocen s via mnlpngric acia A phosrhoric acid e
preduce amponium tionphain nlas &0 Ldditd o 0 obough nitric acid
and additionai «mmosia Lo make 4 28-L3-0 produsc.
Admittedly probably no one would mivccer to make 2RB-14-0 vy the last-mentjioned
process, but 1t couid be made Lhat way, and [t does resul' ia a proauct nearly
tdentical with the 28-14-2 product made by the three nivrophosphate processes.

Figure 1 shows simplificed flow sheats of the four pxace&gse& and Table I
shows the material and cnersy iuputs per ton of 28-11-0. f%Toble I indicates that
the material and energy inouts of 11l four processes are apptocimately the same,
except for sulphur. The sulphme~based process, of course, has a sulphur input
which the other three procasaes do net have., Tne caloium hitrate crystaliisation
process uses about double the amcant of electricity iu tihe other three proccesses
because of the cooling lcad. 1The calriwr. sulphatae Frecipitation process uses
more steam because of the greater evaporaiicn icad., Also, the calcoium sulphate
process has a small gypsum mekeq: bacause ~f ammenium aulphate losses in the
calcium carbonate filter cike. Jut ctherwise the inpulr are nearly the gsame for
all précessas.

Table II gives the comparative procuection costs per ton of 28-14-0, With
suiphur at 310/ton all four production costs come out very close, within & range
of $29.25 to §30.35 per ton, According to these figures the phosphoric acid
extraction procesas might have a4 slight edge, but the difference is pxobably less
than the error of estimation and alsu this process has not yet heen tested (n a
full~scale plant.

Production costs based on capital investmout have buen estimated at 30% of
investment per yoar as detailed in Table Il!. Tha 0% per year includes operating

lahour and plant supervision at 2% por vear whish is as gnod an eatimata of labour

cost as a detailed anaiysis ¢ nuwwbers of personnel multipired by their wage rates.




Labour and supervision is a Riner cost in ang event,

Costs based on cap.tal investmenr are. of course, & maior factor in the

production cost calculation amcuntans to arcut Lbs of tctal production cost in

all four cases. Capital investment est.imatet are very difficuic to obtain,

particularly fur a specafic plant which has prebably naver been Luilt anywhere.

Estimates were obtained from a numboer of well-kinown engineering firms for plants
based on the calcium nitrate crystallization, calcium sulphate precipitation and
sulphur-based processcs. The cstimatea for a plant producing 1430 T/D of 28-14-0
varied from $7 matllion to 3510 million. Since there was no {irm basis for assuming
any significant differential among the processes, a fiqure of $7.5 million was
selected for all four processes.

The figuse of $7.5 million is consistent with capital cost estimates for
smeller plants presented in papers at this Sympos:um by Chemoprojekt/Bamag
(calcium nitrate crystaliizetion) amd by Typpi Oy (phosphoric acid extraction).

1t might be argued that the sulphur-based process should be assigned a umaller

capitsal investment cost than the other three processes since it is a somewhat

simp.er srocess and docs not require as muci: stainless steel equipment as the
processes using nitric acid digestion of phosphate yock. However, if the
sulphur-baged plant is taken as $6.5 miilion it reduces the production cost by
only $0.64 per ton, from $30.10 to $29.46 per ton (w!.t;z sulphur at $10 per ton).

As another approsch, the relative capital costs may be estimated roughly by
comparing the major pieces of equipment required. Table IV lists the principal
pieces of egquipment required by each process and looking at these equipment lists
there isn't much to choose among the four processes. Fossibly the sulphuz-based
process might be a somewhat lower capital cost than the other three. The list
of equipment for the sulphur-based plant is shorter, but the sulphuric acid snd
phosphoric acid plants are relatively expensive.

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

the same amount of nitric acid so that the cost of 4 nitric acid plant is pot




included o the Cefiees ool ul o ony olowie prectasts. 11 as assumed thet all
fonr plants prodacic g o dee e -G it would be attachad to an ammonia/nitric
acihi piant,

Flgupe € Compares e rortacclon vty o e foun prodesses agoa function
of the price of ="y my faoche Uhree notrophoephete provaesses the production
costs are, of course, plepraliert OF Fne pyice of rudgaur.  vut the production
cont of the sulpbure<base: proses, 13 a Jinear function of the price of sulphur.
Neglecting the v latively wicor il faraences amony the production costs of the
thrae nitrophosphare processes. 10 appecrs thab ritiorhasphate procesgues are
economically compatitaiva with sulphuc-haced procezses when sulphur is around $10
per toh delivecee at the plart site., While the price of sulphur is much lower
in 1971 than 4% was in 31968, ye*t chere are wory few locations in the world where
suiphur can be dal.veraed o a nlant gite for 210 per ton,

The foregoinny SCMparicoh is obviously an artificial approach since it is
unlikely that auyose would build a pient to make a 28=14-0 product via sulphuric
and phosphoriv acide, bul yet the anaiysis gives a general basis for comparing
the relative guo.omic: of niticphonphat: wicezsses vs, sulphur-baged processas.
The decision to adop! or nut *o adnpt a ajtrophosphate process in a particular
country will cencnd op wirethor vhe cow 'y tan vifectivel use the types of
fertilizers produced by uitrophocphate procussis,

The old question 0f watir su'ubility of the phosphate component of fertiligers
is no longer of significance :uwe any degree of witer solubility of phosphate, up
to 100 percent waier solubility, cab be mede by anv of the new nitrophosphate
processes developau Juring tie past sax years, lowever, it is guestionable
whetier phosphate water sodubility over 20 pertent has any real merit, and several
nitrophosphate projects during the paat few years have deliberately selected 60

percent watar erlubality when they could heve had 80 or 90 percent water solubility,

but at ligher cost,




Abbreviations

* Phosphate rock

= Caleium nitrate
= Caleium sulfats

* Caleium carbonate
= Nitrie acid

= Rlfuric acid

= Phosphoric acid
* ismonium nitrate

TAP = Trisamonium phosphate
XP = Disalcium phosphate

TCP = Tricaleium phosphate

W e Nitrophosphate
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pitrute sudphate
trystoilization precipitation axtraction rasphorie esid
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SO 5 SEC SO ) 40,0 1

Bhosphate rock, tous A7
Nitric acid, tons S5
Ammonia, tons - 40
Sulphur, tons s
Gypsum, tong LR
Steam, tona 50
Fuel oil, kg. 28
Electricity, kwh, 100
Cooling watur, cu.m. 36

8 it ¥

P e

Plosphor i Sulphwr~
acid sulphuric acid-

Prioes

Arocessl | _process of japwl

42
.58
48
12

w0

* Calcium nitrate crystall ization processes and
nperated with vonversion of calaeium v g
all ammonium n.trate inte the main N-v

** Calcium sulphate procipitation process
no offtake of Al or NAE.

&
" Nitric

trate Lo
process

43 43
.58 .58
<30 20
- S50
- -
0 .
50 »
» »

phouphoric ecid entraction proses

$15/%00
$i%/cor

ammoniam nitrate and wim of

Stream,

Sporeted an “struight turough® provess with

acid produced in 600 MT/D plant wit!h amenis costed at $35/%7.
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Caldeium Cadeaum Phogphorin Suiphuar=
ajtrate ity oot wrid suiphuric acid-
crystallization precipitation  extraction phosphoric acid  Prices
o .. kRoeess | precess  provess  _ process®  of Inputs
am DTENY inveatamntt £7,5G0,00 37,500,000 $7, 500,030 27,500,900
[ kating ppgutst*
rhasphate rock**s 56.4% €. 45 $6.45 $6.45 $15/ton
Hitric ecaid 8.50 4,70 2,70 8.70 $15/ton
Asmonia 7.00 7.00 7.6 - 7.00 $35/ton
4
Sulphur e - e 1.38 $10/ton
1 Gypsum - e, - , - $ 5/ton
] ) T _ )
Steam : 50 1.0 59 B $ 1/ton
i Fuel oil 1,00 1.00 o 1.00 4¢/kqg.
Blectricivy P % .50 .50 .50 1¢/kwh.
Ceoling water . ) . i .30 1¢/cu.m,
4.95 25.55 24.45 25.130
Costs based oh capita.
{30° of capival/year) _4.3v 4,80 4.80 4.80
$29.75 830,35 §24,2% $30.10

* plant sise - 1430 T/D or 472,000 T/y of 28«14~

2 »* Carbon diomide, process water, white spirit (CHP/Bamag process), solvent loss
] {Typpl Oy process) sre all neglected because very small.

I"** rhosphate rock - 34.4% P,0,

@ ,
1f capital investient of sulphur-based plant is assumed Lo be $6,500,000 (instead
of $7,500,000), then costs based on capital would be reduced by 50.€4 and total
production coat would be reduced to $29.4¢.




Table 117

;Www

labor + plant supervision 28 of investment por yoar
Bintenance labor + materials 5% " " "’ i
28 »
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Takble 1V

Major Pieces of kEquipment Reguired

Calciam ' Calcium Fhosphoric Sulphur-
nitrate sulphate acid sulphuric acid-
crystallization precipitation extraction phosphoric acid
process e REGCESE _process o process
f Digester Digeater Digesterx . Sulphuric acid plant

crystallizer (for CH)  Precipitater (for C8)  Extracter (for PA)  Digester (for PA)

Filter (for CK)* Filter (for Cs) Neutralizer Filter (for Cs)
Ammonic-carbonater Ammonio-carbonater 8eparater Neutralizer
Filter (for cQj Filter (foy ¢C) Ammonio-carbonater Evaporater
§ Neutralizer Neutralizer Filter (for ¢C) Granulaterss
Evaporater Evaporater Evaporatar
Granulater*s Cranulataers Granulater*s

*Centrifuge can be used in calcium nitrate separation :

**pxilling tower may be used instead of granulater
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Simplifisc Flow Shests o Four Processes For Making 28-14-8

Ceicium nitrate crystel)iastion

Colcium sulphate precipitation
Jrocess

MR NNO,

Fli u or N

Contrifuge M sarbongter
HyPOyoOgecn
Nigilpg Wutraliner
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Paophoris acie sntrastion


















