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THE BASF ODDA NPK PROCESS

A.H. Durocher, L. Diehl, H.J. Elsen. BASF, Germany

SUMMARY

BASF started 1n the 50's with the production of nitrophosphate
fertilizers using the Odda process. In the meantime the process has
neen extenslvely studled in our research laboratories working in
close conjuctlon with the production plants,

The purpose of this paper 1s to glve a review of the improved pro-
ductlon techniques contributing to a real product optimisatlcn which
has enhanced the attractiveness of the BASF 0Odda NPK process.

Raw material consumptlon in the varlous producflon steps, energy
balances and by-product assessment are dilscussed.

Particular zttention 1s pald to the processing of NP seclufions te
NPK fertilizer and the converslion of calclum nitrate to calclum—
=ammonium nitrate.

The choice of corroslon-resistant materials 1s of speclal
interest and ls described 1in detall.

1. INTRODUOCTION

The Ffirst nitrlc phosphate process which was developed infto 2
commerclally successful plant was based on the inventlons of
E.3. Joannson, Odda, Norway, arcund 1930. BASF Ludwlgshafen was invol-
ved in the development of the (so-called) Odda Proceszs from a very
early date. With 1ts operating plants, Ludwigshafen, Chemlsche Fabrik
Ealk z2nd later BASF Antwerpen N.V., BASF has carried ouft extenslve
develooment work fto improve preductlgﬁ techniques and the product
quality of fertilizers produced by the nltirlc acld route.

Increasing agtention 15 being pald by the world fertlllzer
industry to the nitrophosphates route and the main Fa2atures of the
various procesaas have been extansively desceribad elsswhere [1, 2, 4].



The BASF Odda NPK process today 1s the culmination of nearly
80 years' experience.

The results of these efforts have heen incorporated 1n the plant
producling 3000 tons per day of NPK fertililzers at Ludwigshafen. A
second plant with a capacity of 2500 tons per day will be going on
stream 2t BASF Antwerpen in 1985.

Baslc equipment must be adapted to the problems assoclated with
the quallty of the rock phosphate. Only improved production techno-
logy used in conjunction with a continuous analysis of the main
process parameters permit optimal adjustment of the variocus produc-
tion steps. Detalls of the process chemistry will be given in cases
where a direct relatlon between this and the processing equlpment or
product gquallty has been found.

2. PROCESS DESCRIPTION "SURVEY"

The Odda process 1s based on the principle of complete conversilon
of phosphate rock by nitric acid to phosphoric acid and calcium
nitrate,

Cag(POy)3F + (10+X)HNOg~a5 Ca(NO3)p + 3HgPOy + HF + xHNO3 (1)

Hydrogen fluoride reacts with the sillca resulting from the de-
composition of minerals accompanying phosphorite, and the nitrates of
metals present as sesquioxides pass into solutlon. An additional
amount of HN03 i5 also required %o decompose the GaCOS in the phos-
phate rock

6HF + 510, o HoS1Fe + 2H,0 (2)
Fe;03/A150; + GHNOg—————& 2 Fe/AL(NO3)y + 3H,0 (3)
CaC03 + 2HNOg & Ca(N0O3y), + COp + Hy0 (8

In order to achleve a high nutrient content and water solubility
of the T'lnal NPK fertilizer, at least 60-80% of the total calcium in

the digestion liquor must be removed after erystallisation of
Ca(NOB)EHHEO {Heat of crystallisation: 142 KJ/kg salt).

The mother liquor from the separation unit is then nsutralized
with ammenia, evaporated and, after zddition of potassium salts and
traces of nutrlients, granulated to NPK fertilizers (3. Figure 1).

The maln reaction:
Ca(NOB)Q - 2H3P04 + BNHgn_HQ-_amCaHPOq + NMEuH2FPQy + 2NH4NG3 {5)
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3lde reactlions
H281F6 + 3Ca(N03)2 + GNH3 + 2H,0——=e3CaF, + 6NH4NO3 + 810, (&)
HpSiFg + 6NHgy + (2+x)Hp0———= 6NH)F + $10, x Hp0 (7)

Iron and aluminium phosphates are also precipitated, and complex
salts with ammonium phosphates may be formed.

The caleium nitrate crystals removed from the NP slurry are con-
verted with ammonla and COE to ammonium nitrate, which can be used to
adjust the nitrogen content of the maln product or combined with the
precipitated CaCO3 to preoduce CAN fertilizers.

3. PROCE3S DETAILS

Almost all the chemleal reactions In the processlng of fertllizers
usling the nitric acld route are in fact relatively simple, although

the parameters affecting the stoichiometry of nitrie acidulation have
not all been deflned exactly.

The majJor difficulties occur in manufacturing and are of a fech-
nical nature, The development of nitrophoaphate fertilizers mailnly
involves the various ftechniques used for solving problems assoclated
wlth the removal of caleclum and insoluble resldues.

The main problem, 1n brlef, is the high solubility of fhe calcium
nltrate 1n the pheosphoric aclid product resulting from attack by the

rock phosphate.

The economle efflelency of the BASF Odda NPK process depends
strictly on the quality of the NP acld produced in the "wet" part of

the plant. The next sections analyses varlous technical deslgns suit-
able for solving a glven chemical or physical problem. Process flow-

sheets are shown 1n Flgures 2 and 3.

3.1 DIGESTION UNIT

The kinetics of the decomposition of apatite of igneocus origin
(Kola phosphate) wilth concentrated niltric acid has been extensively
studied in the past ten years [5,6]}. The factors governing the equi-
librium of the exothermic reaction (1) can be approximated by means
o' a graphical analysis of the CaD'PEOE_NEOS“HEO system [2].
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Marine phosphorites such as Florida Pebble or Morocco phosphate
congist, however, of phosphate of sedimentary organle orlgin and

account for about 90% of the phosphate rock consumption in Western
Europe (Figure 4).

Except for the problems posed by carbonates, whleh cause foaming,

and by the presence of insolubles and lmpurities affecting the flinal
product grade, the applicabllity of the simple kinetilc equation (8)

can be verified under 1ndustrlal conditlonsz

r=k.3.cgt (8)
k rate constant of the reactlon
3 surface area of the apatite partlcles

eyt hydrogen ion concentration in the reactive solution.

It has been shown [5] that almost all the hydrogen lons result
from the dissocclation of nitrie and fluoresilicic aclds, so that a

high nitrie acid concentration accelerates the decomposition of the
phosphate.

(8) 18 related to the fineness of grinding and the nature of the
phosphate ore. Flgure 5 shows typleal partlele size distributlions for
the various phosphates used in our plants. Coarse phosphate rock wlth
a partlecle size up to U4 mm can be employed without prior milling.
Qther factors affecting the kinetiecs of the deccmposition process are
the mixlng rate in the digestors (diffusion-dependent conditions},
temperature and the presence of a high content of inscolubles CSLDE).

An urgent requirement for a large industrial plant 1s to achileve
the maximum use of raw material. To ensure a complete reaction, l.e.
a phosphate converslon of above 99.95%, an excess of HNO3 (12-18%) 1is
maintained. The remalning excess acld is checked after reaction of
lower oxlides of iron, aluminium and aisco of organle substances.

On-line measurement of the so-called "free acid value" 1ncreases the
stabllity, the performance of the plant and integrates the following

additional process varlables:

-~ the plant deoes not generally use only one sort of phosphate rock
- HND3 i3 recycled from the various recovery and separation unifts.
The concentration of the reaction acld 1s therefore not constant
(55-58 welght?).
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The reaction 1s carried out continuously in a cascade of stirred
vessels (2 te 4). The number of vessels required to achleve a gilven
converslon can be easlly defermined by a simplified straight run
method glven in Figure 6.

The average residence tlme of the suspension in the reactors does
not exceed 120 min and the temperature 1s maintained below 70°C to
avold excesslve corrosion. Stirrers are a very important feature,
particularly in the first reactor. Special stirrers are used 1in
conjunction with antifoaming agents to prevent difficulties arising
from the formation of carbon dloxide. The power of agltation should
not be lower than 1.4 KW/m3 suspension.

3.2 REMOVAL AND WASHING OF INSOLUBLES

Some phosphates contain up to 8% of insolubles, mainly sand.
Efficlent separation of the insoluble resldue remaining after acidula-
tion 1s of prime Importance for the effilcient operation of the down-
stream process unilts. The main problem 1s the erosion caused tg

pumps, plpes, valves and stirrers. The removal of the sand also in-
creases the nutrient content of the NP acid product.

The sand can be separated from the reaction product by means of a
hydrocyclone, a concentrator or a centrifuge. A washing drum or a
belt filter may be used for washing the sand mash that 1s obtalned.
Tt 13 not necessary to dewater the washed sand since the water runs
of f durlng storages or intermedlate storage. After being washed to g
PH of 7 the sand 1s used in the bullding materials industry.

Flgure 7 shows the Industrial alternatives used in BASF planta.
The particle size of the remaining insolubles in the reaction mizture

does not exceed 60um, whieh 1s extremely important for minimizing the
effects of erosion.

3.3 CRYSTALLISATION OF Ca(NDS)2 41,0

Crystallisation and removal of the calecium nitpate tetrahydrate
are the characteristlc steps of the Odda procesa. The amount of cal-
cium t0 be removed depends on the required water solubility of PEO
in the final procduct. The "freezing out" of calcium nitrate in the
CBO—PEOE-NEDS-HEO 3ystem has Deen sxtensively investigatsd by BASF
under Industrial process conditions. An examnple of a solubllity curve
and practical extraction grades of Ca0 apre shown in Figure 8., It 1
well known that, on eooling, the precipltate salt forms an encerusta-—
ticn on the c¢ooled surface of the crystallizspr, gradual
heat transfer coefficlents, i.s. inecreasing the energy
cocling.

1
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Our plants ave equipped with a battery of vessels in which a cool-
ing medium 1is clrculated through the coils. A specilal stiprrer design

minimizes energy consumption at low temperatures (max. 0.5 KW/m3
slurry at 4°C). The cooling procedure is fully automated. A control

system regulates the course of the individual cooling stages and the
Frequency of coil cleaning.

The average partlcle size of the erystals in the suspension (min.

800um) 1s primarily a functlon of the nitric acid concentration, phos-
phate rock impurities and level of subwcooling of the =olution. Fur-

thermere there 1s a close correlation with any given phosphate bet-
ween the free-acid concentration and the amount of CNTH to be extrac-

ted at a glven viscoslity of the slurry.

A favourable condition for ecrystal growth is first of all gradual
cooling in a weakly supersaturated solution.

Crystallisation in BASF plants 1s conducted either continuously

or discontinuously. Arrangements used in production units are shown
1In Figure 9.

Crystals adhering to the cooling surface are periodically removed
with hot reactlon mixture or by brief injectlon of warm medium into
the cooling coils. In this way a maximum overall heat transfer can be
achieved. After heat exchange in the crystallizers, the cooling me-
dium 18 recycled 1n a vattery of ammonla evaporators, or when ammcnia
consumptlon in NPX neutralisation and calcium-nitrate conversion
anlts 1s low, the c¢ooling brine 1s passed to a freon evaporator. In
rlants using a batch cooling procedure, buffer tanks for brine have
been installed in corder to reduce variations in the temperature of

the cooling medium, which cause pressure disturbances in the ammonia
gas syatem,

Reliable temperatures for the cooling medium are -8 to -14°C and
the c¢lreculation rate 1s about 1 to 2 m3 per m3 np solutions per hour,

3.4 SEPARATION OF Ca(N03}2 MHEO (CNTH)

The remcval of calcium nitrate tetrahydrate was, up %o ten years
ago, the ¢ritleal atep of the process. In order to sechieve high waterp
30lublility in NPK products, separation of crystals from the mother
liguor must be as complete as possible. A limit is posed by the solu-
pility of fhe salt at the separation temperature and by the silze of
filver openings aliowing goed filtrability of viscous NP slurvry. If
sttremely low Cal/P,05 ratles are required, fractional filtration and
et least two cocling stages will be necesazpy.
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In ¢onsecutive washing, the salt must be freed from traces of
adnerent nutrients. Concentrated nitfic acid 1s usually employed as
the washing agent. In order to reduce caleium nitrate entralnment,
the acld temperature iz kept at about 10°C. The free acid content of
the salt can now be displaced in a second washing zone with a solu-
tlon of calecium/ammonlium nitrate. The percentage of P205 in the salt
is thus kept below 0.12%.

The wash acld 1s then fed back Into the digesters. Overall, we
attempt to keep recycle streams to a minimum. A high concentration of
calelum salts in the wash acid will decrease the reaction acid concen-
tration (le. reduce the reactlion rate) and lnerease energy coats in
the crystallisation sectlom. Figure 10 shows an example of separation
lines at different temperatures and various reaction acld concentra
tions.

Salt is separated continuously to minimize the buffer capacity of
the crystallisation unit.

Centrifugation used to be employed in BASF plants but due to high
maintenance costs and low separation efficilency we switched to belt
filters. At an experimental stage we had to solve corrosion problems
on filter cloths. Another problem concerned the vacuum exhaust gases
contalning NDK. The design capacity of the scrubber can be reduced by

recycling gases through the filter. and technical arrangements have
been proposed by some belt fllter manufacturers.

3.5 ANALYSIS AND SPECIFICATIQON OF THE NP ACID 30LUTTION
The amount of calclum nitrate In the mother NP acid solution
after separation depends fiprst of all on the crystallisation Tempera-

ture but also on the free nitrie acld concentration in the reaction
mixture. Energy considerations ln the ammoniation step and the ime

posed level of nutrlents require strlet production control for NPX
grades with a low N:P205 ratio.

Changes In reactlon zcid concentration, phosphate ore and switch-
ing of grades can ocecur simultanecusly., On-line automatle analysers
are valuable tocls, which are a substitute for laboratory sampling
anc¢ may be integrated 1n process—control systems,

The c¢lassical dependence of the watsr-scluble PEO5 content in NPX
on the GaD:P205 ratlo In the NP acid solution is shown in Figure 11,
The dashed lines 1imit the practical range obtained with varlous
marine pnosphorites. Because of the high content of acid-scluble im—
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purities present in many types of phosphate rocks we are compelled
with some ores to operate with blends. All the dlssolved and suspen-

ded impuritles adversely affect the product grade, but we are able fto
produce an acid glving NPK'a up to 90 % water soluble PEOB'

After chemical characterization in our laboratories, we lsolated
complex crystalline salts. For example, aluminium and silica tend to
complex dissolved fluorlde and so alter the dlstribution of ionlc
species such as SiFg2", MLFe3, 50427, Ca*. A finely divided salt
having the composition Ca,(S0y, AlFg, SiFg OH)12 Hy0 {Chukrovite)
precipitate in NP acid instead of simple fluorides or fluoro-
gllicates.

The removal of this colloidal salt 1s possible at low concentratlons

(2 - 4 %) but it 1s not generally removed for economical and
technlcal reasons.

Another impurity, magnesium, alters the mechanism of fluorine
precipitation and can cause process difflculties in the ammoniation
gtep.

The effect resulting from all the process parameters analysed so
far can be summarized in one diagram. Figure 12 shows the range of
varlation of P205 content on the CaO—PED5 ratlo for NP acid solutlons
produced with various phosphates under different operating condi-
tions.

3.6 CALCIUM NITRATE CONVERSION AND BY-PRQDUCT UOTILIZATION

The production of an NPK grade such as 16-16-16 necesslitates the
separatlon of about 3.4 tons caleium nltrate per ton P205- Hydros-
copicity and a low nitrogen content are a handicap to 1ts direct
employment as a fertilizer.

Conversion to ammonium nitrate and calcium carbonate 1s an ele-
gant way of solving these two problems. As the degree of caleclum re-
moval 1s a free variable of the process, the capacliy of zonverslon
must be adapted to frequent switching of NPK grades. In order to
avold high buffer capaclties, ammonia and carbon dioxilde are absorbed

in, and the conversion reaction takes place in, at least two parallel
trains.
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The content of free ammonia in the absorption solution has to be
strictly controlled in order to minimize the amount of ammonia lost.
Ari ammonium carbonate conversion of about 90% and a residence time of
20 to 40 min are selected to preclpltate 2 coarse-gralned calelte

(d' TOum). After thickening, the calclum carbonate and traces of
gllica are separated on continuous belt filters.

A two-satage washling step wlth condensate 13 necessary for washing
out the adherent ammonium nitrate to 0.5%. After decomposition of the
1% of remaining ammonium carbonate and adjustment to pH = 5.2, the
61% ammonlum nitrate sclution 1s concentrated to 94-98% in a four-
—-atage evaporation unit.

Calcium carbonate and ammonium nitrate are elther processsd fo

caleium ammonium nitrate (27.5% N) or separately to granulated ammo-
nium nitrate (33.5% N) and to wet lime, mainly for the cement

Industry.

3.7 PROCESSING THE NP ACID SQOLUTION TO NPKE FERTILIZER -

N:PEOS ratio of NP acid is first adjusted with concenfrated ammo-
nium nitrate ( 94%) obtalned in the conversion of calelum nitrate.
The slurry is then ammonlated in at least two stages. On-line pH con-
trol 1s indispensable for minlmizing ammonla losses, avoiding loecal
overammoniation and consequently a back reaction of some dicalcium
phosphate to cltrate-~insocluble apatite. If a high water-scluble P205
ig desired, a large amount of ammonium phosphates 1s present in the
neutpralized slurry. 8 sfrict contrel of temperature anuyagain of pH
1s necessary to prevent cristallization.

Temperature in ammoniators depends on the water content of the
slurry and is limited to 120-130°C.

Different types of neutralizers and granulators are used In BASE
plants so that the melsture level varles, depending on how the slurry
is proceased Ilnto the granulated product. If necessary, the slurry is
evaporated at atmospheric pressure in single-stage evaporators with
external heaters and forced circulaticon of the soclutlon. The NPK
slurry is finally adjusted 1n blenders, potassium salts are added and

the slurry 1s injected into granulators.

Granulatlon processes wlth a molszsture confent of the slurry be-
fore the granulator of about 15-20% {Spherodlzer) 2llow 2 low return
of fines. The moisture level does not eiceed 8% for producticn lines
with separate granulation-drying and high return of fines.
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3.8 PROCESS-CONTROL AND ENERGY SAVINGS
Technologleal improvements 1in recent years have been concerned
also with automation and energy savings.

Strategies for process control are presently belng tested 1ln our
plant In Ludwigshafen. Our impression so far 1s that relatively
8imple simulation medels allow the operators to coordinate the
various process operations better, avold mistakes and, last but not
least, reduce losses.

The problem of energy saving begins for the BASF QOdda NPK process
with the concentration level of nitric acid. A strong acid (55-60%)

Incereases the separating efficlency of the caleium nitrate, and the
resulting low water content in NP acid reduces evaporation costs.

On the other hand we have recently considerably reduced the in-

direct introduction of water via pumps and transmitters so that the
process has a very good water balance.

The specifle consumptlon of electric energy 1n a nitrophosphate

plant where the same granulation technlgues are used, depends on the
NPK grade to be produced.

In the "wet" part of the process TO percent of the electric power
ls consumed by the szeparatlion units. All vacuum levels processed on
belt fllters were carefully analysed. Mixlng energy savings of 30%

were achleved by optimlzing the geometry of our mixer blades. A di-
strioutlon scheme for energy consumed is glven in Figure 13.

Systematlc analysls of process heat exchange systems furthermore

furnish designs for best energy recovery and almost always improvad
payback times in plant medifications. Control systems ensure a coordi-

nation of production steps and alse contribute to reduclng energy
losses.

The example of heat recovery design for the acldulation and cal-
clum nltrate szeparation unlts iz shown 1in Figure 14,

3.9 ENVIRONMENTAL PROTECTION
BASE was involved from 2 very early date in the development of

antl-pollutlion methods and the company Lz one of the leaders in prac-
£lzal ezxperlisnce.
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The fertillzer 1ndustry must face the problem of both gaseous and
liquid wastes and the production of NPX fertilizers by the Odda route

18 no exception. As already menticoned in the previous sectlon, poten-
tlally emizsible materials are:

- Dust (bulk handling of phosphate and fertilizers, NPK processing)
- NC (waste gases)
- NH3 (ammoniation and calcium nitrate processing units)

Dust emission resulting from bulk materials handling can nowadays
be greatly reduced using standard equipment. Dust produced 1in drying
units is collected 1in "high-efficlency" cyelones and/ or venturi
serubbers,

The problem of alir pollution by waste gases contalning NO, and
fluorous compounds camnot be solved solely by water stripplng. BASF

15 carrylng out tests in order to deslgn a process 1in which NO, gases
are absorbed and oxldlzed 1n a solution containing calecium carbonate.

NHB losses occurring in the neutralisation section of the plant
are very effectively absorbed in a speclally designed scrubblng tower
where almost all the ammonia 1s reacted with nitric acid to form

ammonlom nitrate which is recycled to the process.

Control of all abatement activities that have been deszscribed is
of course carried out by recording, sampling and checking operating

data. All effluent monitoring systems are periecdically checked by our
Environment Lepartment worklng in close conjunction with the

Authorities.
4. CORROSION AND EROSION PROBLEMS IN NITROPHOSPHATE PLANTS

4.1 THE PRCBLEMS
Vessels, lines, valves, equlpment items etc. in the 0dda process
must withstand both ceorroslve and erosive attack.

Corrosion is primarily caused by fluorine-containing compounds
which are formed when the raw phosphate is dlssolved by means of
nitric acld, but also by small guantities of chloride and niltric acid
itself. It must be remembered here that the corrocsion rabte in the gas
phase above raw phaosphate digestion solutions contalning nitric acid
can be higher by orders of magnitude %than that in the liguid.
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Erosion is caused predomlnantly by silicate constituents (quartz)
of the raw material. Whereas corrosion can be kept wlthin limits by

the use of suitable materlals of construction 1n comblnation wlth a
technology providing mild conditions {(for example at the lowest tempe-

rature level possible), erosion 1n Odda process plants can offten be
countered only by largely removing the abrasive constituents of the

raw phosphate.

Plant damage, due to corrosion and eroslon, and the assoclated
production losses 1s expensive. Such costs have to be minimized by
the use of sultable raw materials, in conjunction with a technoclogy
which provides mlld conditions, as active protection agalnst corro-

slion and erosion and by the use and approprlate treatment of sultable
resistant materials of construction as a passive prophylaxis.

The question regarding the most reslstant materlal of construc-

tlon is a econtinual challenge. It can be satlsfactorily answered only
by tests and comparisons under real operating conditions. As 1s

known, highly resistant alloys are expensive.

However, 1t must be consldered whether the costs due to more fre-
quent repairs when cheaper materials of constructlon are used may 1In

the end nevertheless bhe higher. In thls connection, safety should
also be taken into account.

4.2 POSSIBLE SQLUTIONS TO THE MAIN PROBLEMS

k.2.1 Protection against corroslon

- Feedstock specifications and operating condltions
The raw phosphate being processed must have the lowest poszsible

chloride content. This condltion 1s met, inter alla, by the North
Arerican provenances and Moroecan phosphate. Concentrations of

500 ppm C1 and higher are serious, The problem can be resolved by
approprlate pretreatment.

Amongst the process conditions, the digestion temperature plays
the most important role. Az a genéval rile, the lower the tempera-
ture, the lower the corroslion rats. There are of course limlts fo
this reguirement due to the size of the phosphate particles and the
resldence time. Digestion temperatures above 70°C should, however, ba

avoided. Regarding the movement of oreduct in lines and vessels, care
should be taken that the gas phase volumes are minimized and that

condensation 1s largely prevented.
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- Cholee of approprlate stalnless steel
There 1s no point in using a cheaper materlal, fairly susceptible

to corroslion, in overdesign wall thickness instead of a much more
reglstant, thinwalled but more expensive material.

In BASF fertilizer plants, most of the vessels, pipes and valves,
which are only subjected to the liguid phase, le. which are exposed
almost exclusively to surface corrosion, are still made of austenitic
Cr=Ni steel No. 1.4541 (for material lists, see references [7]).

To avold pltting corrosion, which appears to a greater extent in
the gas space above raw phosphate digestion solutions containing
nitric acld, or in the gas phase/liguid boundary region, highly
corroslion-resistant alloys must be used. These include materials
Nos. 1.4464, 1.4465, 1.4311, 1.4439 and 1.4403. The high chromium
content (25-28%) guarantees the formatlon of a stable passivated

layer,

Zxperience shows that steels with added molybdenum are very suit-
able for avoliding knife-line attack.

Stress corroesion cracking on coolant lines can be effectively

prevented only by the use of 1.4541, 1.4550, 1.4571, 1.4311 pipe mate-~
rials. Pipes of unalloyed steel are lnevitaply damaged soconer or

later by caustic embrittlement.

L.2.2 Protectlon agalnst erosion
- Raw phosphate handling

Thnz c¢onveyor chalins of the chaln conveyors consist of an
especlally reslstant hardened steel (42 Mnv7), the chains moving on

wear rails of hardened manganese steel. The driving and gulding star
wheels are provided wlth a surfacing weld of Gridur 24. The troughs
have bottoms lined with fused basalt. For comminution of the coarsge
raw phosphate material, an impact miil is used, in which the impact

bars, impingement plates and wearing walls are made of extremely hard
chromium-molybdenum castings.

- Acidulation part
Wearing balfles whicn are renewed from time to time are fitted in
the reactor cascade 1n fthe action zene of the stirrer.
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Most of the product pumps (casings, wearing walls and impellers)
used 1n the BASF Odda process are made of materials 1.4086, 1.4464,
1.4027, 1.4460 and 1.4138. Heavy wear occurs in pumps which deliver
the raw phosphate digestlon solution before sand 1s separated off.
Damage can be markedly reduced here by lowering the speed of rotation
to the necessary minimum. Generally, the pressure and flow veloclty
of abrasive medla should be matched to the requirements.

In pipes, Increased eroslion frequently occurs due to the forma-
tion of eddles in the viclnity of valves. In thils case, conleal
widenings of cross-sectlon and/or surfacing welds have proved to be
very effestive.

5. CONCLUSIONS

The BASF (Odda NEX process can be consldered to be a real improve-
ment 1n the production of NPK fertilizers by nitric attack of
phosphate rock.

As a contractor company BASFKF is offering on the werld market a
procesas that has great feedstock Tlexlibllity and meets the highest

technical and economle reguirementa.

The optimlzed process conception integrates more than 35 years of
production experience and satisfles the three following objectlives
- High quallty products
- Low productlon costs
- High plant avallabpllity.
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TA/84/18 The BASF-ODDA NPK process by A.H. Durocher, L. Diehl & H.J.

E{sen, BASF, Garmany

DISCUSSION: Rapporteurs L.K. RASMUSSEN, Superfos A3, Denmark & 3RB.

PERSSON, SUPRA AB, Sweden

Mr. F. MOSTAD, SUPRA AB, Swedan

Why are you changing from the gsulphuric acid route to the
nitrophosphate route in the Antwerp plant?

Some arguments have already been given. Gypsum deposits are one
reagon, but switeching to the new BASF-0DDA technology by
ravamping an older plant enables fertilizers to be produced with
lower variable manufacturing costs. As you can see from the
slide, the manufacturing costs are considerably higher using the
mixed acid route, until we reached the practical production limit
grade (3x16.7) with the 0Odda process. These are the main
sconomical teasons.

What are the main improvements in this process compared to the
old Ludwigshafen plant?

Iategration of experience is also sometimes a change in
experience and that 1is the reason why we switched from
centrifuges to Dbalt-filter separation tachnaology. Due to

arpsion/carrosion effects, ceutrifuges entail higher malntenance
costs than belt filters, thus increasing productlion costs.

Low emissions ware also attained, but the malin changasg were in
the separation steps - insolubles and CHTH sale.

Q - Mr. G. KONGSHAUG, Norsk Hydre, Norway

A —

You indigate in your paper that S0% water-soluble P205 can be
achiaved by the use of fractional Filtrations and several cooling
stages. ‘

What 1s the purpose of fractional filcracionm, and 1s this systen
installed in any commercial plant?

By fractional separation we wnean 4 two=gstap crystallizatien
procedure. There 13 a 1imit to erystallization of the NP slurry
in one step because a highly viscous golution is obtained which
causes prohlems in the CNTH-geparation zection. That iz the
reason why, 4f we need a NPK grade with 85 to %90 water
solubility, we have to recycle the mother liquor, ohtained Iin a
first separation stap, to ¢cool it to a lower temperature and to
reseparate calcium nitrate ballast, We have so far not {nstalled
this second step in any of our plants.

¢ =~ What is the dasign value for watsr—-solubls P235 in your new

X

Antwevp plant?

We designed the plant for values belween 1% aud 35%, but thare is

no need in generzl in Burope for water solubilicies above 50 to
60%.
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Mr. R. MONALDI, Fartimont SpA, Italy

Which type of neutralizers of the NP-agcid are praferred and, if
the slurry evaporates, what 1s the lowest pH before sueh an
operation?

The type of neutralizer depends on the granulation process used
in the plant, but in general we preferred loop neutralizers. In
fact, this piece of equipment 1Is a standard feature, but the
optimization of the neutralizers varies from plant te plant.

Answering your question about the pH, 1t is 2-3.

Is the «coating operation carried out before, during or after
cooling?

There are anly two possibilitiasz: before and during, but not
aftErt .

What are the main problems af the scrubbing tower where the NH3

loszes in the neutrallization section are absorbed wirch nitric
acid?

Problems are related to the opresence of ateam and high
temperatures (about 95°C): steam has to be separated from the
ammonia, whieh is recovered in standard ammonium uatitrate

scrubbers.

Is this tower oa line with the aquipment for the NOx gases where
the HO0x gases are absorbed and oxidized i1in the solution
containing caleium carhonate?

No, the two units are not oa line.

Percent energy consumption in the different units is reaported in
flgure 13, Is 1{t possibla to know the absolute value as staam,
@lectric power, fuel gas and liquid ammonia per ton of 15.15.15.7
There are a lot of standard answers to this question. Let me say

that absolute figures are difficult to give because energy costs

chaange from plant to plant and that is why an answer to this
quastion is not gimple.

Mr. J.D. CRERAR, Norsk Hydro Fertilizers Ltd, United Kingdom

What ig the minimum ratic of N:P205 in the final product from Lha
BASF/0dda procass?

Minizmum sheuld be at the moment 0.585:1.

What 1s the maximum water soluble P205 proportioa’”

Abour, 85%,

What  material 3 wused for the filter cloth for saparation of
caleium nigratae?

We have tested all possible cloths, and have found that
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polypropylene cloths are the most ‘suitable ones. In fact the
¢loth construction neads not be very complicated.

Mr. B.K. JAIN, FAI, India

What percentage 1increase 1n operating cost 1s expected for
increasing water soluble P205 frem &0 to 83%7?

RBatween 22-22-0 and 17=17=17. The difference should be 20%.
Mr. N. KOLMEIJER, Windmill Holland, Netherlands

The conversion of Ca-nitrate toe C.A.N. requires CO0Z. Are you

going to do this in Antwerp? And 1f so, where do you get tha CO2
from?

It comes primarily from the ethylene oxide plant.

Mr. E. AASUM, Norsk Hydre, Norway

In your paper vyou describe that phosphate rocks with more than
500 ppm of Cl are serious for corvosion and that the problem can
be resolved by appropriate pretreatment. Do you mean a

pretreatment of the rock itself or what other solutions could be
foreseen?

- Tha word pretreatment ia indeed not exactly dafined.
Pretreatmants are possible, but very expensive to say the leaat.
The best pretreatment 15 to bleud the phosphates.

How much NOx and fluorine compounds are released to the air in

the waste gases without scrubbing with a2 s2o0lution containing.
calecium carhonate?

Regarding the fluorine content, saparation with a normal
scrubbing syastem - water scrubbing - gives ratas less than Z ppm
of fluorine and for NOx we do not exceed 100 ppm/m3 in any case.

Mr. P. MORAILLON, CdF Chimie AZF, France

Te get a low Ca0/P205 ratio in the NP acid solution, lower than
0.2 {in weight, is it necessary to use more nitri¢ acid than the
axcegas of 12-18% raquired for a good conversien of phosaphate
roek?

What matters here is the acid concentration and not the axcess.
The excess of 12-18% i3 present at all ti{mes but what matters at
lavels kelow 0.3 is that your acid should bhe thick enough to
promotae intensive crystallization; this 13 why we are using an

acid that {s very close to 60X by welght.

Mr. §S.K. MUKHERJEE, FAL, India

How much prodection hava BASF so far provided to market with
water=soluble P205 content of Y0% and ahove?

Tha production of such NPX grades 1z mainly for export and BASF
is represented Iin almost all markets-.
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Mr. M. SIPILA, Kenmira Oy, Filianland

What oparticular method is preferred by BASF for removal and
washing of insolubles?

Sand removal alternatives depend to a great extent on the type of
phosphate vyou atve processing. Xola phosphate does not need sand
removal; but centrifuge separatiaon is well suited when procassing
63 Pebble phoaphata.

What is the typical erystal size distribution?
C3D is not a big problem and g¢rystallization procedures de noat
need to be very sophisticated in our process. Anyway, tha average

crystal diameter shouwld noat be lower then 300 um.

Mr. L.K. RASMUSSEN, Superfos AS, Denmark

On page 13 you mention concentrationm of NP~«alurry by means of
single-stage evaporator. Can you tell us:

+ the pH of the slurry?
Between 2 and 3.
- the material used for the heat exchanger?

" Stalinless stesel n* 1.4541.

» the maximum content of Cl allowed in the slurry?

50 ppm.
Mr. 5. ORMBERG, Norsk Hydro, Norway

In washing the Ca nitrate with calcium/ammonium nitrate solution
you have the risk of getting some NH4 ioas returned to the
dissolution stage. Have you observed any connection betwean thea
NH4=concentrat{on and the filtrability of the Ca nitrate?

The question is not relevant because our AN-CN washing medium is
only a displacement wash and no appraciabla NH4 {ous zre returned
to the digeation step,

After counversion of «calcium nitrare to AN and CacCdl3, voau
concentrate the 61% AN solution to 94-98%Z. Do you experience
scaling in the evaporators?

Yes, we do ard the evaporators have to be washed from time to
time with a special zleaning soclution.

Mr. E. HOLTE, Norsk Hvdro, Norway

In  your 2500 tonsg per day going on stream Iian Aatwerp in 85 what
concentration of CO02Z wi{ll you use foar coavertinzg the caleium
nitrace?

Concentrations up ta 100%.
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~ Mr. E. AASUM, Norsk Hydro, Norway

Norsk Hydro has Iin 1its Glomfjord nitrophoaphats plant ©been
operating since 1955 without any eguipment for sand removal.
Several different phosphates have been used, some with up to 6Z
acid-insoluble material with size up to 250 micron. The calcium
nitrate 13 filtered off with rotating filters. Would the author
comment on this?

I would only observe that in this case wmaintenance costs for
pumps,lines, stirrers and the amount of ballast are certainly
higher than in our plants using for example phosphate containing
up to 6% insolubles. Of course, using Kola phosphate, a plant can
be run for 30 years or mare without any difficulty.



Yariable manufacturing cosis

Mixed acid

BASF - Odda - NPK

: : — . — Product grade
15-15~158 22~22-0| 17-17-17 -

16~-16-16 167 -16,7-16,7

Product grade vs. variable manufacturlng costs

97 - 81





