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MONON'TIONT!: PHOTPHATS AS AN INTTRITDIATE FOR
COITOUND_ FZRTILIZTR eropucTIONY

by

I, Podilchuk
“,F, “heldrick

Fisons Limited
Felixstouwe U7

The rapid growth of high analysis granular N°X fertilisers in the U.:. during the
last decade has ocaused a considerable interest in the manufacture of a powder ammonium
phosphate intermediate capable of being used in both new and existing oconventional gran-
ulation plants for the production of such grades as 20-10-10, 17-17=17, 12-24-12 and
13-13-20.

Fisons Limited has developed a novel process for the rroduction of such a material
whioh is based on the ammoniation of wet prooess phosphoric acid under conditions of ele-
vated pressure and temperature such that a conoentrated 1!A® solution oontaining around -
ten per cent water is produced, This solution is then flash dried in a short natural
draught tower to produce a fine prill-like powder containing around six per ocent water,
The powder product - MINIFOS - is non-hygroscopic '"ith a bulk density of around
800 kg/m3 . It can be handled and transported with conventional equipment used in the
fertiliser industry.

MINIFOS is a highly water soluble material containing around 65 plant food units.
1t is completely compatible with the other important fertiliser intermediates such as
ammonium nitrate, urea, and superphosphates. Since the material contains a relatively

1/ The views and opinio;xs expressed in this paper are those of the authors
and do not necessarily reflect the views of the seorctariat of UNIDO.
This document has heen reproduced without formal editing.
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smell amount of water, its incorporation with other materials in conventional rotary
drum granuletion plaits takes place with a fines recycle ratio which is dctermined
more by the efficiency of the granulation device than the need for liquid phase
absorption. Recycle ratios in the range 1:1 to 2:1 are typical with the use of pow-
der MAP, The repiacmnt of part or all of the P205 component by MINIFOS in slurry
processes where the nautraliszation of phosphoric acid is carried out "in situ", and
recycle ratios of the order of 3:1 to 8:1 are typical, results in a oonsiderable
increase in output witk only minor modi fications to the plant.

MINIFOS has special attraction as a high grade intermediate manufactured close
to the phosphate rock source which is then shipped to the consumer granulation plant
looatod’ in the important agricultural areas. The saving in freight cost and terminal
facilities compared with phosphate rouk or even phosphoric acid is significant,
whilst ‘the simplicity of the oonsumer granulation unit i3 of note. Since the pH of
the material is in “he range 3.5-4,0, the expensive and ocomplex sorubbing facilities
necessary for ammonia recovery where intermediates such as DAP are used can be avoid-
od,

The new Fisons process represents an important technological sdvanoe in the
manufacture of phosphatic intermediates, providing an important and proved route to
the manf acture of high analysis complete fertilisers with the minisum capital
investment and operating cost,

i We regret that some of the pages in the microfiche
copy of this report may not be up to the proper

legibility standards, even though the best possible
copy was used for preparing the master fiche.
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I. INTRODUCTION

1. During the last decade there has been a spactacular expansion in the
production of asmonium phosphate for use both as a “straight" fertilizer and as
an important intermediste in the manutactucve of complete NPK fertilisers. In
190, the United States produced only 10 per cent of its total 9205 capacity as
ammonium phosphate, but by 1965, at the height of the fertilizer boom, the
manufecturing capacity had been boosted to around one million tonnes, representing
over 25 per cent of tha total ons output.

2. The chief advantages of ammoniwm phosphate are based on its high overall
piant food content in which a significant level of lew cost amonia is chemically
combined to yield an almost completely water soluble product without loss of
“available” '205‘ Its agrononic properties for most soils and crops are highly
acceptable, whilst its compatibility - particularly in the mono fore - with
other fertilizer materials and interwediates is particularly moteworthy. In
the United States, the main product has been granular DAP (18-48-0), a
substantial preportion of which is used as a base component in the produ-tion of
bulk blended fertilizers. Western Europe has seen a similar growth rate in the
production of smmonium phosphate. 1n this area, where process technology for
the manufacture of very high analysis fertilisers developed more repidly
then elsewhere, ammonium phosphate has played a key nréle.

3. The production of granular DAP is now largely based on the route
developed by TVA during 1960; a route which is now applied in nearly all new
granular amoniun phesphate installations {1). This process and its variants
is offered by engineering contractors within both the United States and Europe.
Briefly, 40 per cent P,0, wet process phosphoric acid is neutralised

with ammonia in a tank reactor to a mole ratio ms : HyPO, of around 1.3% : 1,
The reaction is carried out under boiling conditions at a temperature of 115°C.
Steam driven off by the exothermic heat of reaction is scrubbed with part or
all of the phosphoric acid feed to recover the small amount of ammonia contained

therein. The ammonium phosphate slurry from the reactor containing some




18 - 22 per cent water is pusped to a rotary drum granulator where further
amonistion is carried out to raise the “Hs : ﬁax’O“ mole ratic tu around 1.9 : 1.
", Kecently Fisons Limited in the United Kingdom has introduced the concept
of carrying out the first ammoniation step of the TVA process under conditions
of 5light pressure and a higher boiling temperature in order to take advantage
of the steep solubility curve (figure 1) of ammonium puosphate in water. This
allows the preduction of a 3iurry with dround 12-15 per ceat water which in turm
Jeads to a lower water ev.poration duty and a reduction in the solids loop
rocyele retio requirement from around 5-6 : 1 to less than 4 : 1 (2). |

3. In the agriculturally developed countries of Europs, only relatively sell
quastities of ammuniuw phosphate are used as & "straignt" fertilizer, and there
i3 no base phosphatic feotilizer industry comparable to that existing in Florida.
The ammonium phosphate component in high analysis fertilizers is manufactured
principally 'in eitu' from the ammoniation of wet process phosphoric acid at

the head of the NFX fertilizer granulation facility.

o, Another route of growing importance, pioncered in the United Kingdom, is
the use of ammonium phosphate powder intermediates - principally monosmmonium
phosphate ~ in the manufacture of complete balanced fertilizers. This route has
scre important advantages: capital investmen for high output granulation units
s luss since the parasitic recycle requirement for liquid phase absorptiom in
the grenulator ig lower, whilst the introduction of part or all of the ons
comwnent as a solid intermediate in existing neutralisaticn-type granulation
plants leads to a very significant boost in capacity with only minor equipment
modifications. The production of a powder intermediete is relatively simple
and cheap since there is no requirement for the production of uniforaly sized
sratules of low water content.

1. Thera are two important processes for ths production of powder ammonium
phosnhate - both developed in the United Kingdom - initially designed to serve
the particular requirements of its fertilizer industry, but now having a much




broader appeal, and espucially as a convenient route for P,0g transport from
the phosphate rock producing countries.

8. The Al process, developed in the early part of the last decade is based
on the production of an ammonium phosphate slury similar to the firet stage
of the granular TVA process which is then "back-titrated" with phosphoric acid
to the MAP stage in a "moisture disengagement vessel" when the slurry
solidifies. This device {s followed by a scrcening and crushing wnit after
which the powder product (phoSAl) is discharged to bulk store. Plmts
operating according to this process exist in the U«K., Canada and Japan (3).

9.  The Flsons powder MAP process (4, S, 6) developed during the pericd
1964-06 is desorided in tne next section. The process takes advantege of
boiling point elevation at moderate prestiure.  The product, MINIFOS, is a
fine powier MAP eminemtly suitable as a t0lid intermediate raw material for
granulation purposes.

I1. NINIFOS PROCESS

10,  ibe new process developed by FISONS has twe main steps. The first step
i» the resction betveen concentrated wet process phosphoric scid and anhydrous
smmonia under conditioms which allow the formation of an exceptienally \
conoentrated yet fluid mono-ammonium phosphate solution. The second stage {»
concarned with the flash drying and cooling of the concentrated NAP solutien teo
a #ine prill-1ike powdar. '

11  The reaction lyaﬁn is designed to take adventage of the consideredle
boiling point elevation resulting from operation at moderate pressure. In
practice the operating conditions are about 3.1 kg/cm abs., 170°C and 10

per cent water content (figure 2). The ammonium phosphate solution produced
in rhis pressure reaction system is completely fluid, and it can thus be
handled safely in pipetork and simple flow systems without fear of blockage or
build-up,




2. The required phosphoric #cid concentration is dependant on a number of
factora, but chiefiy, the acid temperature and whether it is "black" or
vlew fied ceid, and the plysical »tu.e ol the anhydrous ammonia 2ed.  Tor
sxa.mie, -aseous amronie at 20°C with "hlack" phosphoric acid at ambient
terperature would necessitatc a concertration of 47-u8% Po0g whereas

acic at 90°C would need a concentation of arowd 4u% Pp0s.  On the other
hand “he use of liquid ammonis would raquirve a feed phosphorie acid
concertration of around 50% at 409,

15.  In practice, it iz usua) tc smploy a slightly stionger phosphoric acid
than the minimum in order o allow for the normally expected variations in
concevtration, temperature and solids content. A small quantity of water is
thus added to the reactor te allew for these veriations and thus meintain the
Jeactor openating temperuatuve constant. It has been found that the opereting
remperature has an lmportant velationship with the water content of the reactor
solution and the final product. A change of 29C affaects the product water
sontept oy about one unit of peapr ceur (figure 3).

i',  The considerable heat of reacticn betwean phosphoric acid and ammonis is
sufficient to drive off a large quantity of weter as suparheatad steam. At an
Nig:lia POy mole ratic of 1:1, approximately ¥ 8 b £ yater are removed per kg

of ammonia feed in the resction step. Since the vaporization uf ome kg of
amwonis requires little more then 0.6 kg of steam, there is more than sufficient
was*e gteam available far tnfs purpose and a no:able steame economy in the '
prerading phosphoric acid concentration stage is entirely viable.

i Under the rsaction conditions, the partial pressure of ammonia above the
ceneer trated mono-wmmonium phosphate solutions where the mole ratio nm,:u,po,
doec not exceed 1:1 iu negligible even at a temperature of 1709C., Since the
yraction system is operated at pl 3.5-4.0 the process can be oparated at a high

narcgen efficiency without the nesd far scrubbing, provided sufficient mixing
iz lesigned into reactor.




16. The use of the stirred-vessel reactor rather than a jet or pipe reactor
enzure. a controlled steam velease from the process and endbles fluctuations

ir the feed flow to he absoried without harmful variations in product quality,
or asmonia loss from the reactor. It also alleve impurities emtering with the
phosphoric acid, or precipitated during the reaction, to be suspended in the
solution rather than building up as a scale on the reactor surface, 88 is likely
with a pipe reactor,

17. In the second step, the concentrated NAP solutica is ejected from a

nogzle intc a simple spray tower with a natural dreught of air entering at asbient
termpearature, Under these conditions, further water is flashed off and in
doing so the AP solution is rapidly cooled and solidified into small particles.
The produet, as it falls down, becomes further cooled by the updraugit of air

and it is recovered at the bottom of the tower as a powdery material containing

5 = 7 per cent water depending on the reactor conditions and spraying control
setting. The overall quantity of water driven off in the proosss is

sround 1.7 kg per kg of ammonia feed,

10. Becaise the water lost in tne flash drying step represents only about
20 per cent of the total released in the process it is not sufficient to
saturate the air flowiag through the tower, md no plume is viaidle frem the
tower exhaust.

.

IZ1. NINITOS PLANT

19. A simplified flowsheet is shown in figure Y. Wet process phosphoric
acid is pumped to a stirred tank reactor capable of operating at up to

3 kg/cm?., gauge. The reactor is fitted with a turbine impeallsr snd wall
baffles to promote a high degree of agitation. The material of construetion
is generally 316 ELC or its equivalent unless a significant chloride content

is present. In thiz case the material may be of the type typified by Inceloy
825,
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26, Ammonia gas from a vertical sheil and tube vaporizer is piped to the base
of the reactor wheare it ix iLijerted into thc eye of the reactor impellor. The
vaporiuer is suppiied with waste sunarhoated steam from the rexcior except at
start-up when boiler steam is required for a short period. Surplus steam from
the reactor is let down through a back-pressure control valve and it is thea
veoted to atmosphere, oéndeaged, or passed to another process unit. Part of
the vaparizer condensate iz returred by means of a pump to the reactor; the
fiow being regulatea to msintain the reactor temperature, and thus the product
watep cmttnt, constant at the desirad level.

21, Hhere stronger acid of arcund 50 per cent P90y is available, there {s no
need fo vaporize the liquid ammonis and this represents a relatively consideradble
saving in equipment, including reactor siie, and instrumentation. As with
ga3e0us ammonis, the liquid is irjected intc the eye of the impellor. Water
for rosction temparature corirol ham to be supplied in this case from outside i
the plant Dattery limit. |

¢2. The pilot plant data hes show: that very high steam release reses from
the reacter could be achievsd without entrainment. The highest rate noted was
1160 kg/howr.m?,  Full scele plants have been operated at stean releass rates
of 790 kg/hour.x? without entrainment and even higher loadings can be expected
under favourable conditions. There seems lLittle doubt that ressure
ammoniation enables the use of smaller cross-sectional ares reactors for NAP
production than is pessible vith atnuspheric ammoniation.

23, The concentrated MAP solution flows from the bostom of the reactor and
through steam jacketted pipework to a special noxzle at the top of the

Datural dreught tower. This nozale combines the duty of flow control, spray
formation and control of the purticle size. The nozsle has a preumatically
dctuated valve plug which is positioned by automatic control to saintain the
solution in the reactor at a constant and optimum lavel. The level control
prisary clement usec fc.o this purpose is uf the type based on the buoyancy of

a submerged float. Considerable changes which can occur in the density of the
reactor contents, Aue tc changes in the operating conditions, affect the output
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from this type of level element, and a suppiementary aevice based on
clectrical conductivity is employed to detsrmine the absolute level so that
the main control system can be reset as necessary.

<4. The tower itself i3 a very simple structure which can often be installed
within an existing process unit building. The tower walls ere fabricated
from synthetic fibre material tied back to a supporting stpucture. The top
of the tower iz vented to armosphere through a stack. The bottom of the
tower is fitted with air entry louvres and a simple rotary scraper for product
recovery,

25. The rocess is adequately instrumented to ensure push button starting and
stopping, vhilst the process conditions are fully automsted to emsure stable
operation with the minimm of attention. Alarss and automated shut down with
stean self purging system are also included. Phosphoric acid is metered by
@eans of an electromsgnetic flowmster; araonia by orifice plate. The

make-up flow is automatically regulated to maintain the resctor tenperature
constant, and the vapour space pressure is also maintained constant by
automatic means. A simple pH determination by means of test papers is the only
local analytical comtrol required.

26.  Full scale wnits have been operated continucusly for over four weeks,
with a typical utilisation of over 8,000 hours per snhum. The maintenance
cost is leas thas 5% per annum. Reactor life is likely to be in several years
provided the chloride level in the acid {s within the limits for the meterial
for coastruction chosen. The tower wall fabric, which is relatively cheap
huamndlmofwmywc.




IV.  UTILITY AlD CAPITAL REQUIRENENTS

27. The new process represents an important technogical and economic step
forward in the manufacture of HAP irtermadiate. This is best illustrated by
comparing the utilities and menufacturing costs with a2 conventionsl granular

MAP process making ‘pin-head' aiae material for use as a fertiliser interwediate.
The data is based on an ouput oi 2C tonnas per hour.

Table I
NINIPOB (Powder MAP) | Small Gramular MAP
(001 - 1:5 " (1 - a .’
WMB o un ———— somma——
20 tph 20 tph
- s —— " W— e
Utilities
Stear kg/tomne s¢ 2.5
Vater litres/ . ‘
e ¥il 48
Power kvh/tomme 2.2% . n
Fuel keal/tonne Nl 100,000
it —i—— L—: - —+—-L———-——-—J
Labour sen: per shift 0.5 ]
Capital Iavestusnt
- Dattery listt . £1%0,000 £100,000
) o e ———————— e SRR RS
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V. PROPERTIES OF MINIFOS

28, MINIFOS is stored in Lulkh and can Le handlcd by all (he conventiona!l
zobile and fixed handling equipment used in the fertilizer industry. Imsediately
after wanufacture the material takes on a slight initial "heat-set" but there i
ro difficulty in recovery from bulk store and its storage properties can be
genarally regarded as equivalent to cured superphosphate and other raw material:.
The absence of fine duut during hendling operations is particularly noteworthy.
This is because the quantity of dust size particlesis very small.

29, The product is nom-h)groscopic, and under normal storage conditions will

tand te loose ne}stva. The most important properties of MINIFOS are listed
Delow:

Analysis : see Table 1I

Water Content t 5 - 7 per cent
pi Number t  3.5~4.0 (10 per cent wolution)
Bulk Density i 360 kg/md - Joawe

: 950 kg/nd - tamped
Angle of Repose i 38 degrees °
Size distribution :  87-98 per cent below 2.0 m»

80-92 per cant below 1.5 mm
80-80 per cent below 1.0 mm
26-57 per cent below 0.5 mm

2-6 per cent below 0.15 me

As mentioned in ! jotion II the sisze of the material can be controlled to
some extent by regulation of the sprey noszle.

3. The chemical anzlysis of the MINIFOS is dependent on the rock source and
impurities in the acid feed as indicated in Table II below:




Table II Typical MINIFOS Aualysiz Achieved (% - On Ory Basis) -

r WHaTer Citrate | Total Water Citrate
Rock Source N solutle ! Py0g P205 | solubility | solubfldrcy
P20s P205 P20s
Morocco -black aeld11.2 53.6 55.1 55.5 96.5 99.3
- settled li11.5 54,7 58,5 9.8
- clarifiadfiz.2 55,7 57.1 57.5 97.1 9.3
| "lorida uncalcined !41.§ 47,2 $2.8 90,0
Toze 1.3 49 .6 :L 5,9 90.3

3% It is noted that in the abowe Tabdle II the water soluble P20g
conversion is not constant. This is largely due to the lavel of aluminiwe

ané iron impuritias. The correlation between the Al and Te level and the
Insoluble Py0s is approximately:

(1) vach part of Al203 in the acid/product will give
1.3 parts fasolubdle PyCs.

(il) Each part of Fez03 in the scid/praduct will give
1.78 parts {nsolublo P,0y.

The expected water soluble P205 Sn MINIOS from a number of rocks {s given ir
Table III delow, ‘

#

Table III ZExpected water soludbility of MINIFOS
N M w ——

water scluble/total P20s
Rock Source per cent dry basis

-

Florlda celcined 75 APL 82
Tlorida uncalcined 7% APL 90
Florida .ncalecined 67 BPL 88
23 23
]
]
91

" =

Poroeco 75 BPL
Taiba
Togo




VI. MONOAMMONIUM PHOSPHATFE. AS AN INTERMEDIATE FOR
COMPOUND FERTILIZER PRODUCTION

32. About one million tonnes per annum of MINIFOS is already produced in
various parts of the worid, listed in Table IV, and with plants in the

construction stage the total annual production will be around 1.4 million
tonnes.

Table IV

J Annual Capacity

128,000 T

133,300
00,000
60,000

133,300

107,000

280,700

160,000
92,000

198,300

=

a3, Apart from the low capital investment for the
mplut,thwnmmmtm»mdcwmmﬁy
considereble denefit cen be derived from the ure of this materisl. The mein
adventages are as follows:

3.1 The operating cost of NINIFOS plant {s low and only about cne

quarter of the cost of producing grenular 8amonium phosphate in a con-
ventional process.
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23,2 MINIFOS can be stored ;n bulk and can be handled by all the
conventional mobile and tixed handling equipment used in the fertilizer
indvatry. The product is non-hygroscopic and free from fine dust. It
can be recovered easily from bulk stope and its storage properties
compare favourably with other fertilizer inteirmediates and raw materials.

32,3 MINIFOS can be used to augment, or replace completely, single
or triple superphosphate in the conventicnal NPK granulation plant. Its
physical form makes it eminently suitable for use as an intermediate and
it embodies all the aédvantages of a P205 carrier such as single or triple
Superphosphate in that it can be economically manuractured et a large
central site and distributed cheaply by bulk carrier to satellite
granulation plants, but with the added advantage that it carries around
65 units of water soluble rlant food per tonne. Another important
advantage of this material is that it ig completely compatible with yrea
and amonium nitrate whereas aupcfphosphates are not particulariy

vhen water-soluble PO is rejuired. The manufacture of concentrated
compound fertilisers based on MINIFDS and amoni{um nitrate or urea is
now being carried out successfully on tha full scole. These products
have good physical properties, and drying curves presented in

Figure 5 show that the fertilizer can be dried to give a low moisture
content, aeunsuring geod storage characteristics. Fisons and other
companies throughout the world havs incorporated MINIFOS into a very
wide range of fertilizers, for example:

8-38-16 15-15-18
10-15-20 16-18-14
12-12-24 17-17-17
12-24-12 19-19-19
13-13-20 20-10-10
14-14-14 22-11-11
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33.4 The use of powder MAP plavs an inportant role in ensuring the
maximum output from a granulation plant. Since the material contains

& relatively small amount of water, its incorporation with other

materialas in conventional rotary drum granulation plants takesplace with

a fines recycle ratio which is datermined by the efficiency of the granula-
tion device rathe thaa the need for iiquid phase absorption. This is
particularly so when the granulation step is liquid-phase controlled due
to the presence of other soluble salts and water, and where the

solution phase increaves significantly with temperature. In these cases
powder MAP has a nig advantace over MAP provided in the form of a slurry
from pre-neutralisation facilities. Recycle ratios in the range 1:1 to
2:1 are typical with the use of powder MAP. The replacement of part or
all of the P,0; component by powder MAP in slurry processes where the
neutralisation of phosphoric acid is carried out "in situ", and

recycle ratios of the order 3:1 to 8:1 are typical, results in a
considerable increase in output with only minor modifications to the plant,
The granulation curves in figure 6 relate teaperature to water content in
the granulator for concentrated 1-1-1 patio compounds based on MAP,

Wwea or ammonium nitrate and potash. It can be seen that the gramulation
condition is very sensitive to both water and temperature, so that the
effect of feeding a ccld NAP powder into the granulator, as compared with
4 hot MAP slurry containing three or four times the quantity of water,

can grestly reduce the recycle requirement. This type of granulation
curve can be used togci'hor with the hoat and water balance across the
piant (8, 7) te calculate recycle ratjocs for differing products and
Preduction conditions. These results have been completely checked in
practice from full scale operating data and show that when producing
concentrated fertilizers Lased on ammonium nitrate and powder MAP, the
recycle requirements are about one third of those vhen amonium nitrate
and slurry AP are used. In the case of fertilimre Lased on MAP and urea
the advantage of using MINIFOS is even greater and this reduction in
recycle ratio naturally results in much lower equipment and operating costs.




Ju,

33.% MINIFOS can be further ammoniated if required to produce
diamonium phosphate either as a straight fertilizer or in cumpound
fertilizers. Very vanid and efficient uptake of ammonia is obtained
in the prasulator ant mole rotios of Nl{azasm“ of 1.9 to | are aasily
attaired with recycle ratios of less than half the normal TVA-tyne
process. The MAP sclution can be directly sprayed into a rotary
granulator, topether with other raw materials to make NP, NPK, MAP
or DAP granular fartilizers.

33.6 Pernaps one of the most important considerations which enhances
the attractiveness of solid mono-smmonium phesphate isterwediate is the
sispie nature of the consumer granulation plant. It hus siready been
said that the MAP nanufacturing process does not need expsnsive ammonia
recovery equipment. This also applies to the NPX granulation process.
Furthermore, the use of MAP does not limit drying temperatures,

so that lower product water contents can be cbtained much more

readily than with fertilizere cortaining di-ammonium phosphate.

Tais is beucming an extremely important consideration as the
increasingly high «tandards for product storage become prevalent. In the
U.K,, for instance, it has become necesgary for granular fertilizers to
be stored for periods up to nine months before use, due to the very
uneven market comdivions. Fertilizers such as 17-17-17 for example need
to be dried to less than 0.3 per cent in order to obtain satisfactory
storage properties.

Cne of the most important groups of fertilizers during the next few years,

aspecially in the Middle and Far Castern areas (8), {s likely to be the urea-
amoniws phosphate and urea-asmonium phosphate-potash system. Hignett (9)

and others have urged this probability for some time on the broad basis that
these products nave an exceptionally high autrient content, are agronomically
acceptable in these particular areas, and are free from burning or explosion
hazards. There are, huwever, two other factors which are significant but do not

i
/
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appear to have beern developed seriously as yet.

3s, Firstly, there already axiats in the "emergant "areas of the world a
considerable internal urea capacity. This capacity will be augmented within

the next few years by plants alreadv under construction or in the last stages

of planning. Urea has become and will continue tc be a princinal form of

nitrogen plant food. The reasons for this are clear: ureas is the cheapast and
most concentrated form of solid nitrogen available, it is agronomically effective,
and the basic raw ma.erisl is frequently indigenous.

36, Secondly, and probably due to the sitvation mentioned above, the
manufacture and use of phosphatic fertilizews hag lagped behind that of
nitrogencus fertilizers. There is now a growing understanding that properly
balanced complate fertilizers are essential to the proper crop yield and also to
sbtain the maximum value for each plant nutrient. Some urgency now exists to
redress the balance. In this respect the evaluation of the most appropriate
§mcoss routes for compound NP and NPK fertilizers should take account of the
existing or planned nitrogenous fertilizep capacity in that ares. As an
illustrative example it is useful to consider the fertiliser industry in Pakistan.
After ths completion of the third'five year plan® proposals, which involve a
very cousiderable nitrogen expansion, the country's requirements will be
essontially satisfied for seme years to come, with the exception of the
requirements for phosphate., This need hasz now become fully realised by the
relevant Organisations and Agencies within and outside pakistan, and various
basic schemes for at least 'n:lai-ioi.ng the phosphate deficiency by means other
than import of finiched fertilizers are being discussed. Analogy with European
history shows that the most viable and useful routes will be those which offer
the phosphate plant food in coabingtton with nitrogen and, later on, potash,

37. . Of the various routes available, the uresa-ammonium phosphate system ‘
appeara to have the most attractive advantages, ‘The urea-superphosphate system
suffers from the fact that the tWwo components are basically incompatible and

special techniques are necessary if a high P,0¢ water solubility is to be
maintained in considering the urea-ammonium phosphate system it is
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assumed that urea is available as a solid, crystalline or prilled. Urea is
available now from many parts of the world and can be regarded as a fairly
realily available intermediate in solid form. The nitoo-phosphate route
reqiires additional installation of nitrogen capacity and therefore cannot
assist the basic problem of nitrogen-phosphate imbalance. Apart from this,
there are cther serious disadvantages of the process,

38. TVA has carried out extension develupment work on methods for producing
urea-ammonium phosphate fortilisars and much of this has been published (10).
Fisons Limited has also carried out research and plant work ou this system with
particular reference to the use of MINIFOS as the phosphate donor (11),
Briefly, this work hss shown that the granulation of solid urea with MINIPOS
and, as required, potash can be carried out in the Fisons conventional
granulation process with ouly modest alteration. The granulation step cen be
operated at e recycle ratio in the range 1.5-2:1. Drying rate experiments
have shown thet this step in the process iz easier to accomplish than with
amponium nitrate based fertilizers even though reduced temperatures have to be
used because of the lower melting point of the urea-asmoniunm phosphate systes.
Product storege and hardness properties are as good as these of equivalent
fertilixers based on the ammonium nitrate-ammonium phosphate system. When
MINIFOS is used, there is no measurable awmonia loss and the process is
therefore much sinplifiad by the absence of ammonia recovery equipment.

39, Asehu-:hwiughumwmwumbommhuuduptMpnM
N-P requirement for g country such as Indis where phosphate in one form or
another bas to be imported is shown in figwse 7. For comparative investment
and oparating costs purposes a scheme representing a somewhat different but
frequently discussed route involving phosphoric acid transport, presented in
another papsr (8) is also shown. In both cases it is assumed thst a
phosphoric acid manufacturing unit is situated at a large phosphate rock mining
area such as Florida er Morocco. The basis of the costing is 300,000 tpa of
compound 27-27-0 and 290,000 tpa of compound 28-28-0, equivalent to

84,000 tonnes of imported P05,

39.1 In the powder MAP route there is no extensive phosphoric acid
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storage, since the wet process acid is immediately converted to powder
intermediate without the neui for ciaviiication and shipped by conventional
Seit WAnsSLort 1o the consumer courtr: where i+ ig incorporated with urea
and perhaps potash in a simple granalation plant such as that openated by
Fiscns. The alternative route necessitates the transport of phesphoric
acid in specially construcied ships with little likelihood of suit.ble
raturn cargoes being available.  This form of transrort has not yet been
carried out on the scale needed for the size of consumer factories now
envisaped, It would certginly be necessary to utilize clarified acid in
ovder to minimise settling during transpert. Large and expensive
phosphoric acid storage facilities arve required at both terminals.
Furthermore, the consumer granulation plant needs phosphoric acid
nevtralization facilities and extensive ammonia recovery equipment which are
expensive.  The operation of this type of plant is alsc more complex.

39,2 Investment, operating costs and savings have been calculated for

these two routaes based on data available in 196¢ (8) and shown in Tables V,
VI, vIl. The difference in investment and trensport costs is dJue mainly
to the lower investment reouired for storsge and transport of Py0g as

s01id ammonium phosphate. The pesults of Table VIl show that there is
considerable Lenefit to be pained by transporting and using MAP powder for
the manufacture cf compound fertilizers in India a3 compared with wet-
process phosphoric acid. Savings in investment and direct operating

costs have been calculated and in order to estimate the total savings it is’
assumed that the cost of servicing capital would he about 22}% per annum to
allow about 10% profit, 71% depreciation and 5% maintenance. On this
basis tha savings are about £5.5 per toune of P,0; imported and more than
£2 per tonne of compound fertilizer produced.,

39,3 In the assessment it has bean assumed that amm.iiia would be
available at the same price in India and in Florida, but no allowance has
been made for the transport of nitrogen carried as an ingredient of MAP
powder. [n certain cases this could represent a further advantage in
favour of MAF if in fact, as ic likely, emmonia in India is more expensive
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then it is in Florida. Also, if it is necessary to ti-ansport the P,0g
intormediate within India from the point of unloading to another site then
the powder MAP will show further advantages. These savings together with
the ease and simplicity of handling transporting and using MAP powder
could be very attractive to both producers of P20y in Florida and
elsewhare, and to pctential fertilizer sanufacturers in India and
elsewhere,

L
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