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Fhe ura of lieuid mixed fertilizors cnd nitrocen aoludlons is inereceing ronidly in
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tion, wd odostepility to orociss, oniform ploccment.  Doth farmers ond manufocturers
benefit froa the cbsence of ackirg, dustinens, hygroccopicity, and inhomogancity. Tonu-
foeturing proccuiee io simple  nd ivorpensive  oroblems of fume ond dust wre cbsent.

Jtorege ond wndling costs crce lower Tor licuide thon solids.  Investment in production

freilitics for finiehod producte is 1ow,

althourh liqmid mived fertilizors cre l-oss concontroted than solids, trensportation
conts ~r minimized by slipping bizaly concentroted intormediatcee to smell, local planta
which meke the fincl products, oftun by custom miring for crops wad soils in locol crecs.

The nroduction 'nd distribution nittorr seeme to be fovorcble to morketing.

Lirmuid fortilicers often crc avnlied by injection in irrigotion witer. Combinations
of ligquid fertilizors with herbicilen, 1lasccticides, or aicronutricnts cre populoer,

These nrocticos cre popular becousc of diercesced rocuiroments for form lobor and versatil-

ity of foraulction.
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Liquid fértiliZGr usc in the United States is estimated to constitute zbout 25

2
catimate includes onhydrous cnd couc camonia; other nitrogon solutions, cnd liquid mixed

per cent of tae total tonnogo or _bout 30 par cent of the totul N, P205, and K.0 this

fortilizer.

Lmmonium polynhosphote solutions Lrepered by cmmoniction of zlectric-furnace or
wcet=process supecrphosplioclc acid nre key rhosphcobic moterials in liquid fertilizer monu-
frotura.,  Oolid cmmonium polyphospuste moy bersome an importcnt motericl for limquids in

the futurc.

Suspension [artilizers -- aoturoted solutions containing suspended solids -= arc
the newest form of liquids and are likely to grow rapidly because of cdvanteges of high~
er analysis, frvorible cconomies, and yrectoer versetility of formulation. The main dis-
ndvantoge is thot storage, huandling, and application of suspensions ore not as simple

o0 with cleor liquids.

The technology of monufncturing nitrogen solutions and liquid mixed fertilizers is
rovicwed,  Ag superphosphoric ccid cnd ammonium polypiosphete solutions are Kkey ingred-
1ents in liquid mixcd fertilizers, their properties and technology of manufacturc ere
covered in some dctail. Current annuol production rate of superphosphoric acid 1is
estimated at cbout 620,000 metric tons of P?O? in the United Stotes.  Direct processes
that produce cimmonium polyphosphote (solution or qsolid) without tho intermediate pro-
duction of superphogpharic ceid nre coming into industricl usc in the United Sictes and
Frinca. This development holds promise of significantly lowering the cost of cmmonium

polyphosphato,

The growth of lig.id mirzed fertilizers in Uda 1o particularly intcresting since it
hes rasul tod trom the demands of farmers cad the offorts of small industries rather
thon nlonning by major industricl companies or ifovernment cgencies., Industry 1s respond-
ine to the demand for good-quelity plosphetic tolutions, rnd an ample suprly 18 now
bocoming ~vaileble,  There is much interest in furthor improvement in ruclity by norticl
purification of wot-process phosriorie acid ond other methods for dealing with trouble-

some impuritien. Supnlies of nitrogen solutiors end fully soluble potush solts are

abundant.
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I. INTRODUCTION

The tendency of producing concentrate!, complex fertilizers
brought into existence the productior of several types of nitro-
phosphates in Czechoslovakia. Most advantageous of which, asg far
as economy as well as the gquality of ti. product are concerncd,
proved to be the modifization of thz Odda process, i.e. sepa-
ration of Ca-ions from the slurry obtained by ritric acid attaclk
of phosphate rock by cooling an? scparation of the obtainecd cry-
stals of calcium nitrate tetrahvdrate (CN4). Modification of the
process consists in substituting the indirect cooling of the
slurry through cooling surfaces by direct heat-transfer, i.e. by
mixing the slurry with undercooled liguid heat-transfer mediumn
insoluble in the slurry. Application of this modification brousht
the crystallization process qualite .ively from the buase of somi -
continual process with high demands on service and investment into
the level of a continuous fully automatic process with hirh tech-
nical and economic parameters. In this way crude phospheric acil
with concentration of 30 - 34 ¢ P2O5 can be practically obtaincd.

After pilot plant tests a production unit was construeted st
Severoceské Chemické Zavody (SCHZ) Lovosice and sterted in 1947
with a capacity of 100 ¢ P2O5 per dzy. This unit, eguipped with a
single stage crystallization, operctes in connection with clinecgj -
cal granulation and produces mostly NPK fertilizers e.p., 13-19-10
with a 60 % P205 water solubility, utilizing Kola-phosphate us
raw material, This year another plant with a capacity of 60 mtpd
P205 has been brought into cperation, which processes Morceco-
phosphate. In this plant a two stage crystallizztion, connected
with the classical granulation and carboammoniation, is used. hlter
natively fertilizers 12-24-12, 1€6-16-16, 12-12~2% with 80 % of

-water soluble P,O. are in production.

275
II. DIRECT COOLED CONTINUOUS CRYSTALLIZATION CHP=SCHZ PRICESS)

1. Outstanding features




1.1 Direct heat-transfer

Quick fouling of heat-transfer surfaces with crystals and accor-
dingly quick decrease of the heat-transfer coefficient present the
biggest problem of the indirect cooling of acidulation slurry. It is
possible to reduce a little the fouling of heat-transf{er surfaces by
apecial constructional or process adjustments, i.e. at the cost of
inzreased utility consumption, increased investment costs, and com-
plicating the equipmert and its operation. However, fouling of the
surfaces is never elimin:-ed completely and they neced to be cleaned
in relatively very short _.tervals by defrosting.

These difficulties do not exist in the direct heat-transfer method
utilizing a heat-transfer medium insoluble in the liquid to be cool-
ed . In this case operating periods of crystallizers are very long
and cxceed those of the granulation section. Heat-transfer is con-
start during the whole operating pericd.

Heat losses resulting in the course of cleaning of heat-transfer sur-
faces by defrosting are completely eliminated.

1.2 Simplicity and reliability

The whole unit, i.e. crystallization, separation and melting of CN4,
works completely continuous . The process is stable, the change of
technological parameters and interference to the process are per-
formed practically only with the change of raw materials of the re-
quired product quality. Tne product is homogenous and product qua-
1ity constant. The crystallizer provides a classifying action. In-
ternal circulation keeps growing CNi-crystals in suspension till
they reach the size convenient for separation. OGrain size distri-

* bution curve is very narrow, and hence a continually working fil-
tering centrifuge with high specific output and efficiency can be
used. In the centrifuge crystals are washed by nitric acid. Apart
from the drop of attendance demands and investment costs, CN4 of
high purity with minimum quantity of adhered PZOS ie obtained,

1.3 Crystallizer capacity
Due to high intensity of the heat-transfer and high admissible
temperature differences the specific output of the crystallizer




is approx. 1.7 ton of P2 5/m3 per day, which exceeds by several
times the values required for the classical Odda process. At pre-
sent crystallizers with daily output of 50 and 75 tons P O5 in
motherh}iquors are in operation. Further incrcase of the output

is under consideration.

1.4 Relative investment costs

Using the direct heat-transfer the installation of the heat-
transfer surface in the crystallizers is eliminated. As the cir-
culated heat-transfer medium is pure, the cooling capacity of the
external cooler for this medium is so high that the neceasary
cooling surface decreases substantially to under 50 % of the sur-
face needed for the indirect cooling. High specific output of the
ccystallizer enables installation of relatively small equipment.

Furthermore the use of efficient centrifuges reduces tho relative
investments.

The équipment can be placed advantageously into an open, roofed
construction.

1.5 Safety
The white spirit hydrocarbon fraction of high boiling renge and
with flash point over 35 °c is used as heat-transfer medium. As
all operations are performed below the flash point temperatures,
the white spirit behaves like a non flammable liquid. In accor-
dance with the regulations, no explosion-proof electric installa-
tion is required in these plants. Areas of existing plants vhere
~white spirit is worked with are nevertheless egquipped with ex-
Plosion-proof installation so that the increased risk in manu-
facturing by utilizing.white spirit is negligible.

1.6 Raw materials

Acidulation slurry for the crystallization process may be pre-

pared from practically any calcined phosphate rocks. Operating
units work with Kola apatite and Morocco phosphate. However, in
laboratory and pilot plant several other phosphates such as Florida,
Tunisia-Gafsa, Algeria, Jordan, and Spanish Sahara have been tested
with the same good results.

E
!
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Phosphates with high content of aluminium and iron forming non
assimilable compounds are less suitable, as in the case of other
processes for the manufacture of fertilizers or phosphoric acid.
Nitric acid for the attack may have concentration from 50 tc 65 %.
optimal concentration is 56 to 58 %. Lower concentration requires
lower crystallization temperatures for reaching the sane Cal
cerystallization degree. Higher concentration influences favourab-
ly crystallization temperatures, brings, however, &n unfavourable
influence on the viscosity of the solution and on the proportion of
the solid and liquid phase at the crystallizer outlet. These un-
favourable influencus of concentrated nitric acid can be elininated
by increasing the necessary surplus of the nitric acid from 3.5 up
to approx. 10 &.

2. Process description

Acidulation slurry is cooled first by heat exchange with cold

mother liquor from the second erystallization step and then by water.
The slurry inlet temperatiure to the crystallnzer I lies qlightly

above the temperature of crystallization.

In the continuous crystallizer I, the slurry is cooled by direct con-
tact with undercooled white spirit to the desired crystallization tem-
perature. The crystals are separated from the internal circulation
after reaching an adequate size and gathered in the bottom of the
crystallizer. They are continuously discharged together with the
mother liquor to the centrifuges where they are separated and washed
with nitric acid.

Washed crystals are transported to melting tank and the melt is
. further pumped to the carboammoniation section.

The heated white spirit overflowing from the top of the crystallizer
is recycled via the cooler to the crystallizer. The white spirit is
cooled by evaporating ammonia needed for neutraiization. Since the
refrigerating capacity of this ammonia is usually insufficient to
cover the total demand, a certain amount of liquid ammonia from
other sources - mostly refrigeration station - is nceded.

The mother liquor, collected in mother liquor tank I, is pumped to
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the continuous crystallizer II. This crystallizer is usually
smallér but in principle of the same type as crystallizer I.

From the bottom the discharged mixture of mother liquor and
crystals is separated in centrifuge II. Washed crystals fall to the

melting tank mentioned above.

The white spirit from the circulation system of the crystallizer II

is cooled by evaporation of ammonia or other refrigerans from a re-

frigeration station. The same refrigerant is used for ~ooling nitriec
acid needed for CN4 washing. Nitric acid from washing is either re-

turned to the rock acidulation to keep the r’/P20b ratio as low as

L

possible or mixed with mother liquor.

The mother liquor from tﬁe second crystallization step is collected
in tank II and pumped via precooler II and special purification appa-
ratur - not shown on the scheme - into the ammoniation.

3. Quality of products
3.1 Mother liquor and fertilizers

Figure No. 2 shows a typical course of CNU crystallization for a so-
lution obtained by the nitric acid attack of Xola apatite,

Curve A shows content of ?205 in mother liquor
B the content ¢f Ca0
C the CaO/P205~raLio and
D shows degree of Cad- crystallizatlon (degree of Cal-separation

is a 1little lower due to the efficiency of the centrifuge)

.

All curves are drawn as a function of the temperature.

“It is evident that in a given case mother liquor with any required
content of PZOS up to 30 % (wt) and CaO/P O5 -ratio down to 0.15 can te
obtained. Mentioned values are obtained witn temperatures of approx.

- 20° C. Further lowering of temperature increases the crystallization
degree slightly, while the consumption and cost of frigories po up
considerably so that the temperature shown above presents a limiting
practicable value.
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Fizure No 3 shows compositions of fertilizers which cen be pro-
duced from mother liquors with different degrees of CaO-separation.
This table is besed on liorocco phosphate, which gives at the same
crystalllzatlon deg;rece somevwhat lover quality of fertilizer both
as far as nutrient content and water solub]e P205-content are
concerned, as compared with Kola phosphate, due to higher CaC/PZOS-
ratio.

It shows compositions of fertilizers - so called basic type -~
when mother liquor is processed without addition of nitrogen and
potassium and after their processing into fertilizers 1-1-0 and
1-1-1. An armoniation degrec is assumed corresponding to 10 % of
diammonium phosphate and the addition of sludge, separateé after
the rock acicdulation by which the nutrient content is somevhat
reduced.

In the last column the theoretical PZOS vater solubility is shown
after subtracting the on5 corbined with Ce, Al and Fe. But in fact,
the P205 water solubility obtained by analytical control is elvays
higher as Fe and Al are bound to other compounds without or with a
lover onr content than in ortho salts and as dicalcium phosphate
is partially scluble in water in the presence of ammonium nitrate,

The N/P205-ratio is also fixed by the CaO-separatliocn degree.

From the following Figure No U4 the extent of possible N/Paos-ratios
are evident. The lower curve shows this relation of the basic fertil-
izer, depending on the separation degree. This curve shows that a
N/ons—ratio of 0.5 can be safely obtained. The upper curve gives

the N/ons-ratio after recycling the total emmonium nitrate, obtain-
ed by converting the celcium nitrate from the seperation section,
into the fertilizer. The amount of recycled ammonium nitrate as well
as additional nitroren requirements, evidently does not depend on
the process but on the desired N-content in the fertilizer. As shown
above complex fertilizers of good cuality with nutrient content of
about 50 % with a P205 vater solubility up to 90 % and with a wide
range of A/ons-ratio can be produced py the CHP-SCHZ crystallization
process.
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A higher P,0. water solubility nearing 100 % can be achieved by
eliminating the remaining calcium by adding SOu~ions. The thus ob-
taincd gypsum can either be left in the slurry or removed from it
as has ‘been tested by SCHZ.

By further modification of the process the N/ons-ratio can be re-
duced down to the value of approx. 0.4,

As the content of white spirit in the fertilizer is so low, it can-
not be determined by analysis.

3,2 Calcium nitrate tetrahydrate

Crystallized CN4 forms well develo-ped grains of the size between
0.35 and 1.2 mm, As the content of the occluded mother liquor after
separation is low, the PZOS content does not exceed 0.3 % (wt) in a
" single-stage and 0.5 % (wt) in a two-stage crystallization.

The content of entrained white spirit is so low that CNY4 can be safe-
ly used for producing an.nonium nitrate of different concei.tration
wihout any additional treatment,

4y, Utility consumption

The consumption of utilities per ton of P205 in mother liquor depend-
ing on different degrecs of separation is shown in Figure No. 5.
Values are given for a complete crystallization unit, including CNUu-
separation and melting as well as refrigeration station whereby con-
sumption of gaseous ammonia for mother liquor ammoniation is taken
into account. ' |

Turves are based on the utilities requiremenﬁs'roﬁ calcined Morocco
phospate (77 BPL) and they depend a little on the type of phosphate
“and concentration of the acid.

The curve A for the electric povwer consumption is influenced mostly

by the degree of crystallization, as by increasing this, the tempe-
rature level decreases at which the frigories have to be available.
Ammonia as refrigerating medium has been taken as basis for the power
consumption. There is a possible reduction of the pover consumption by
using other refrigerants, such as freons, for higher ecrystallization

degrees.
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Consumption of water - curve B - includes the use of cooling water
for acidulation slurry cooling and for the refrigeration station.
The increased demand of water for the refrigeration station is most
remarkable at high crystallization degrees.

Stéam consumption (shown by the curve C) is needed for heating and
melting of CKA-crystals only. '

This figure shows also roughly the range of a single-stage and a
two-stage crystallization.

Specific consumption of water and steam for a given degree of cry-
stallization does not depend on capacity. Only specific use of elec-
tric power, influenced by the equipment size, is partly dependent on
the capacity. This is more evident with low capacities and the con~
sumption expressed in % for capacities 50, 75, 150, 300 mtpd PZOS in
mother liquor is for example 100, £8.5, 83.5 and 80.5 for a separation .
degrec of 70 % and 100, 95.5, 93.3 and 92.8 for a separation degree
of 88 %.

5. Crystallization process in different fertilizer process routes
5.1 Calcium nitrate tetrahydrate processing -

Contrary to the gypsum obtained as inconvenient waste in the wet pro- -
cess phosphoric acid, in the production of crystallization process
phosphoric acid - and mother liquors can be taken for that - CNU is
produced. Its processing complicates the manufacture of fertilizers.

Most natural and economic is its direct processing into calcium ni-
trate fertilizer. The nitrogen content of 15.5 is low, true enough,
but this nitrogen is agrochemically very efficient and in European

countries, especially in Scandinavia, this fertilizer is rather po-
pular.

Another suitable alternative is the conversion of CN4 into ammonium
nitrate. This conversion increases considerably the flexibility of
the plant as through the processed ammonium nitrate the N/ons-ratio
of the basic fertilizer can be adjusted as mentioned before. This
ammonium nitrate can also be used for the production of calcium
ammonium nitrate having 20 - 30 % nitrogen or ammonium nitrate with
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33 - 34 % nitrogen, which is exceptionally favourable for compa-
nies producing this type of fertilizer anyway.

A certain part of ammonium nitrate can be sold for other technical
purposes. For countries, preferring liquid fertilizers, it is easy
to prepare nitrogen solutions containing 30 - 40 § of N, Loth from
ammonium nitrate as well as from calcium nitrate, by means of a
simple equipment. Another comparatively suitable application is the
production of nitrate urca made by mixing CNU and urea in different
molar proportions. For example with molar proportion 1 : 1 a ferti-
lizer with 21.2 Z N, with molar proportion 1 : 4§ & fertilizer with
32 % N can be obtained. -

Thermal decomposition of calcium nitrate for recovery of nitric acid
is still in the development stage.

5.2 Crystallization process phosphoric acid - treatment

Both operation units that have been realised work with the so-cailced

classical granulation, i.e. with granulation in pugmills follow.d

by drying and cooling in rotary drums. This process enables a greater
‘flexibility and adaptability as far as the quality of the fertilizer

is concerned. '

But it should be pointed out that the incorporation of the erystalli-
zation unit is not restricted to a special technology for processing
of mother liquor or of CN4, As the requirements of the agriculture
and fertilizer industry are manifold, there is not any universal
technology vwhich meets all these. For this reason a prilling tech-
nology has been developed by SCHZ Lovosice which enables to process

most of the nitrophosphate fertilizer down to a N/ons-ratio of 0.6.

Furthermore the processing of the crude phosphoric acid into a high
concentrated product equivalent to super phosphoric scid is in the
final development stage. This technology is very interesting espe-
cially for the production of liquid fertilizers and phosphorus com-
pounds for technical use. But also other proven technologirs can

be utilized for processing the mother liquor - e.g. prilling, melt

granulation, spray granulation by spherodisers, fluid-bed granu-
lation and flaking.
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III. BAIAG CHEMOPROJEKT NITROPHOSPHATE PROCESS

1. Combination of industrialized process steps

After having outlined the features of the new continuous crystalli-
zation'brocess by direct heat transfer tne second part of this pa-
per dcals with a new complete NPK-process basically consisting of

a combination of commercial size proven process steps. The new BAMAG
CHEMOPROJEKT PROCESS starts with the nitric acid attack of phosphate
rock and the direct CNlU-crystallization according to the know-how
from Scveroceske Chemicke Zavody, Lovosice / CSSR and uses the gra-
nulation and carboammoniation know-how from Chemische Fabrik Kalk,
Cologne/Oermany. The first plant according'to this combined know-
how was successfully started this year.

2. Pirst Plant according to the BAMAG CHEXMOPROJEKT PROCESS
2.1 Design Data

The first commercial size plant according to the BAMAG CHEMOPROJEKT
PROCESS has a design capacity of 60 mtpd P205 in the NPK-product.
Bascd on this P205—capacity the following NPK-formulas with their
respective throughputs are produced:

12 - 24 - 12: capacity 250 mtpd
16 - 16 - 1€: capacity 375 mtpd
12 - 12 - 24: capacity 500 mtpd.

The feedstocks being

Morocco phosphate, calcined 77/79 BPL
Nitric acid 56 % (wt) ' :
Ammonia liquid ‘ |
Potassium chloride (60 % KZO) *
Carbondioxide.

As the required minimum ons-water-solubiiity of all the three
NPK-products is 80 %, tne degree of separation of CaO from the
phosphate rock has to be as high as 838 %. This is realized by a

two-step crystallization. This high CaO-separation results in the
production of a fertilizer having a N/ons-ratio of 0.5 without
using additional phosphoric acid as feedstock. It is of course
possible to produce different NPK-f{ormulas, too, having a N/P

0.~
25 u
ratio between approx. 0.5 and 2.0 withou: use of additional nitrogen. |




fertilizer plant. But due to
carbonate and concentrated
by-products all problems with

removal or use of byproduct 8YPSum are eliminated

2.2 Process description

According to the figure No, ¢ ¢y, wh

ole plant can be divided into
the following main parts:

1. Rock phosphate acidulatiop and

2. NPK-production by ammoniation,
conditioning

3. Carboammoniation, calciup carbonat
nitrate concentration.

crystalligzation )
granulation, drying end

The following process descriptyio, refer
parts of the plant. |

Agidulation and crxstalllgggign (Figure No. 7)

rature and stirring conditiong ensuring the most efficient attack.

xhausted by fan (5). To
acidulation slurry is separated

from insolubles in decanter centrifuge (3)

: led by the chilled mother liquor and
further cooled down in (8) before

(9). -

fed into the first crystallizer
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\

ready been given in part I of the paper, it should only be men-
tioned here that the frigories for the first crystallizer are
supplied by evaporation of the ammonia used in the process. Since
these frigories do not cover the requirement, the remaining demand
'is supplied by a white spirit stream from the second crystalli-za-
tion step bypassing the second crystallizer. The second crystallizer
is connected to the refrigeration plant.

The suspensions of CNi-crystals in the mother liquor originating
from the crystallizers (9, 15) are separated and the obtained
crystals washed with cooled nitric acid in centrifuges (10, 16).

The used acid is sent into the rock acidulation and the CNli-crystals.
are fed to the melting vessel of the carbo-ammoniation section. Afte:
admixture of the sludge from centrifuge (3), the mother liquor is
pumped by (21) to the fertilizer production section.

Neutralization, Granulation and Conditioning (Figurc No. 8)

The mother liquor is adjusted with ammonium nitrate according to

the required N/ons-ratio and neutralized with gaseous ammonia

"~ under intensive agitation in vessel (25). Thercby part of the water
vaporizcs.

The ammoniated slurry is further concentrated, to obtain the best
conditions for granulation, in forced-circulation evaporator (27,
28). The vapours are exhausted by fan (29). According to the de-
sired formula potassium chloride is added in vessel (30). The ob~-
tained slurry with the required nutrient content is granulated with |
dried recycle from hopper (38) in pug-mill (32). Liquid ammonia is
added to support the granulation.és vell as to adjust the final pH~
value of the product. The ammoniation vessel, potassium adding vessel
and granulator are exhausted by fan (31). |

The final nutrient concentration is adjusted by ballast from hopper |
(40). The product is dried in flue gas heated drum (33). The waste
gas is separated from dust in cyclones (47) and exhausted by fan
(48). The dried product is elevated by (3U4) and separated into over-:
size undersize and product size by screen (35). The oversize and |
part of the product size are crushed by (36 and 37) and together
with the undersize and the dust from the cyclones collected in
hopper (38). .




Hopper (38) controls the recycle feed independent of the just
produced undersize and oversize,

The near mesh material is eliminated from the product grain at
screen (41),

To improve the storage stability, the product is cooled in fluid-
bed cooler (42) by air drawn in from fan (44) and conditioned.in
heat exchanger (43). The air is separated from dust in cyclones
(49) and exhausted by fan (50). The NPK-granules are coated with
kieselguhr from hopper (45) in drum (U46).

CN4-Processing (Fig. 9) i

The CNli-crystals are melted with steam in vessel (51). The &b~
tained solution is converted into calcium carbonate and ammonium
nitrate under addition of carbon dioxide and ammonia in reactor
(52). The heat of reaction is removed with cooling water.

The waste-gas from the reactor is exhausted by fan (56) after
scrubbing with nitric acid ih towver (53) to reduce the ammonia
losses. The wash acid is circulated by pump (54) via cooler (55).
This wash acid serves simultaneously for ncutralization of the
ammonium nitrate solution in vessel (68).

Calcium carbonate is separated from the ammonium nitrate aélution
and washed in drum filter (57), then dried in the flue gas heated
pneumatic ‘dryer (70) and separated in cyclone (71} and bag filter
(72). The drying air is exhausted by fan (68).

The ammonia nitrate solution is neutralized in vessel (58), de-
livered by pump (59) to a lU-stage concentration unit consisting of
circulation pumps (61), exchangers (60), evaporators (62), conden-
gers (63) and vacuum pump (64), where the solution is concentrated
up to 95 % before sent to battery limits.

3.3 Special features of the BAMAG CHEMOPROJEKT PROCESS

The use and combination of commercial size proven process steps with
individual adVantages from the commercial and technical point of
view results in a process which offers a high technical reliability -
at comparable investment and production cost. Usually, the design

of an individual plant requires a precise incorporation of the fle-
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xibility with respect to the production of different formulas or
qualities - especially PZOS solubility = which in this case is
possible with only minor modifications in the equipment, practi-
cally -not affecting the overall investment cost. The individual
advantages of the main process sieps can bhe sunmmarized as follows:

Under suitable stirring conditions in the rock acidulation the re-
sidence time distribution is narrow enough to ensure at least 99.5
percent efficiency at low nitric acid surplus and nitric acid loss,
minimizing the equipment expenditure.

The advantages of the continuous direct cooled crystallization have
already been outlined in detail in the first part of the paper.

The low degree of ammoniation of the mother'liquor decrcases the
reformation of waterinsoluble P205-components.

According to the overall water balance, in many cascs a econcentra- |
tion step for the ammoniated slurry is recommended since the con-
centration of the nitric acid feedstock is linmited fer different
reasons, e.g. acidulation conditions, viscosity of the mothoer Li-
quor in the crystallization step, required minimum nitric acid sur-

plus for N/ons—ratios at the low limit.

In any case, this concentratior step will increase the reliability
of the granulation and, above ell, the flexibility of the wvhole pro-
cess with respect to the processing of different phosphate rocis

and to the variation of the legree of crystallization whien in turn
accounts for different water solubilities, nutrient concentrations
and N/P205~ratios.

At low investment costs a pugmill offers safe and stable granula-
tion conditions which results in a low recycle ratio. A buffer in
the recycle loop ensures an exact control of the recycle absolute-
ly independent of the just produced undersize and oversize. Tris
combination in the granulation loop increases the flexibility and,
moreover, the reliability during extreme operating conditions.

The use of & special reactor for the carboammoniation of the CN4
has been well proven on a commercial scale for over ten years which -

o
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is 2 rnuarantee for the reliability of this process step. The filtra-
bility of the precipitated calcium carbonate is such that the sus-
pension is separated without any difficulty.

By.re§§bcessing of the obtained byproduct ammonium nitrate into
the NP-slurry, it is possible to produce fertilizer with a N/ons-
ratio from 0.5 to approx. 2.0 without additional use of nitrogen.

3.4 Economies

Figure No. 10 sums up the raw material and utilities 6onsumptions
,for the above described plant considering the three different NPK-
formulas. The expected overall efficiencies are as follows:

P?_O5 (available) 96 %%
N - toteal 97 % %
‘ K,0 99 5 %

It can be seen from this table that in order to rcach the exact
formulas it is necessary to add some ballast into the product. This
is even necessary for the 16-16~16 product, since the CaO-separation
degree includes a certain safety margin in order to reach the re-
quired percentage of water-soluble'ons-content in the NPK~;roduct,

Figure No. 10 gives the production costs for the threce produc}s
based on average West-European conditions.

The following assumptions have been made:

Carbon dioxide is available at no cost, for instance from an exist-
ing ammonia synthesis unit.

The credit for the 95 % conc. ammonium nitrate solution is based
on the cost for the production by direct neutralisation of nitrie
~acid with ammonia and is taken as raw materials costs, adding 3% %
for utilities, labour, maintenance, capital return etc.

Labour costs include 50 § overhead but varies considerably deper -
ing on the skill-levels of the operators and the degree of automa-
tion of the plant. Fixed costs are based on a total turn-key invest-
ment of 21.3 Mio DM, a depreciation rate of10 % per year, an in-
terest rate of 5.% per year and maintenance costs (incl. spare parts)




of 2 % per year which is approx. 31 ¢ of the investment for the
cquipent. It should, of course, be mentioned that for individual
cuves the figures of this table can vary considerably ror different
unit costs of raw material and utilities, different labour costs
and different basis for equipment prices. or instance it is known
that even in different West-European countries the investment costs
deviute. Hence theso [igures give only an overull picture of the

pCconomies.

To summarize one can sa, that for tihe given plant sizc approx.

75 ¢ of the production cost arz due to raw materials and utilities,
approx. 20 % are duc to capital costs and only approx. 5 % are due
to cost for lavour and maintenance. This approx. 20 % part of the
total production costs for capital deronstrates tnat the plant is

al the lower limit of an economnical size.

The ncxt figure No. 12 illustrates at first the tendency of the pro-
duction costs at different plant capacities on the same basis as
for the above mentioned calculatione. It has to be mentioned that
the production costs of the above desceribed plant de not exactly rit
into this diagram, since this plant is designed according to the re-

quircnents of the production of 500 mtpd of the formula 12-12-24. This

means bacically that grarlation, drying and finishing eouipnent is
capablc to handle 500 mtpd fertilizer jnsteed of 375 mtpd if only

formuias of the type 1-1-1 have to be produced.
|
One can see that there is for instance for thc 16-16-16 product

only a decrease in the production costs of epprox. Du 12,-- per
ton of NPK or 10 %, if the capacity increases from 500 to 1,000
mtpd. The same tendency is valid for the other formulas &8 shown
in the diagram.

Furthernore the production costs are calculated for different
nut-ient concentration in fertilizers of type 1-1-1 in order to
demonstrate the economy of different degrees of erystallization,

The procuction costs for 17-17-17 are of course higher tnzn for 15-
15-15. The diffcrence is caused by two reasons: At first the

s - R




it A T R

e S it R

_23_

higher nutrient content per ton NPK of 17-17-17, secondly the
higher investment and utility costs for a plant to produce NPK-
formulas of higher nutrient content. The first part can be com-
pensated by adding the additional raw material costs according to
the higher nutrient content per ton of NPK. The dotted lines give
this compensation both recalculated on the basis of 17-17-17. The
remaining difference to the actual curve of the 17-17-17 product
represents the higher investment and utility consumption eccording
to the larger crystallization step and carboammoniation unit, since
an increased nutrient concentration corresponds only © a higher de-
gree of CaO-scparation.

This means for the production of considerably more valuable pro-
ducts the necessary higher overall investment is very small and
therefore is reflected in the cost of one ton of NPK by a very small
percentage. In other words, a very small increase of the ovcrall
investment costs enables a high flexibility of the plant with re-
apecf to different NPK-formulas and - from the economical point of
view - a very attractive possibility of the production of highly
valuable NPK-products. The small additional production costs for
more valuable products are not comparable with the difference of
the market price for NPK-fertilizers having lower or higher total
nutrient contents.

A comparison of the production of high water-soluble NPK-fertilizers
between nitrophosphate and phosphoric acid route has been dispensed
with, since enough information is available in the literature.
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Turn key price

" BT IM

TR ‘:Qm-mw-l‘—w bkl

21.3 Mio DM

e an——
1A 12-24-12] 16-16-16|12-12 -24
Capacity mtpd 250 375 500

Unit Dﬁ;&g‘zt Cost D!/mt
lLarocco,calcined 77/79 BPL | mt 63 .= 43.97 23.30 21.99
Nitric acid mt 59 =~ 59.65 39.65 29.80
Ammonia mt 130, = 42.38 28. 21 21.19
Potassium chloride mt 120, -~ 24.1°2 32.16 48.24
kiesel guhr mt 85 == 0.85 0.85 0.85
Powver Kvh 0.0% 7.50 5.15 3.85
Cooling water m3 0.05 2.20 1.48 1.10
Process water m3 0.10 0.21 0.14 0.1
Steam,saturated mt Dy m— 4.50 “3.05 '2.28
Fuel oil mt 150, =~ 4.65 3.75 2.85
white spirit mt 240, -~ 0.58 0.38 0.29
Condensate credit mt 1.30 - 1.13 - 0.75 - 0.57

_Ammon nitrate 95% credit ,;.r«:s__...::m«“ RSP o0 K M|

':m‘.ratmgnc’:osts ) 76..23 94.24 9/433
Maintenance, spare parts % 2 5.16{ 3.44 2.58
Labour (+ 50% overhead) year |[700,000,=- 8.72 s.81 4.368
Depriciation % 10 25.82 17.21 12.41
Interest % 5 12 91 8.61 6,46

- 128 84 129.31| 120.64

_Fiur@ M|

- Production Costs
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