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EFFECT OF RAW MATERIALS, PROCESS OPERATION AND CONDITIONS ON
PHYSICAL CHARACTERISTICS CHEMICAL PROPERTIES AND BEHAVIOUR
QF N.P.K FERTILIZERS.

A. Barbera, R. Monaldi, F. Cocquio, V. De Lucia
{Agrimont S.p.a,, Italy)

Due to the congstant improvement of agricultural
technology, during the past recent vyears international
market demand for high quality fertilizers has c¢ontinually
increased.

The fertilizer industry has responded by offering a
wide range of grades and high quality products to its
customers paying particular attention te the reduction of
caking and dusting tendencies of the fertilizers.

Through long experience in fertilizer production,
Agrimont has been able to face the fertilizer gquality
problem on a large scale, carrying out research on the basic
influencig factors.

Agrimont has two types of production processes for
N.P.K. fertilizers.Both are based on the phesphorie,
sulphuric nitrie¢ attack of phosphate rock.

The slurries thus obtained can be granulated either
with the traditional rotary drum (Fig. 1) or with the more
recent spouted bed (Fig. 7} presented at the IFA Conferance
in 1986 (1).The processes are very flexible; in fact every
grade of fertilizer, including MAP and DAP, can be obtained.

Agrimont takes a lot of care to optimize and control
the parameters that can influence fertilizer quality.This
activity works along the following lines:

- preliminary evaluation of the production feasibility
and costs for new formulations;

- pilot plant experimentation to define the best process
operating conditions, taking into consideration both
the raw materials available and the fertilizers to be
industrially produced;

- industrial optimization of process parameters defined
in the pilot plant;

- accurate process control to maintain the optimum
running parameters.

- research into efficient anti-caking and anti-dusting
treatments and their application;
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- fertilizer quality control during manufacturae, storage
in the factory, shipment and storage at customers'’
premises;

- production of fertilizers with a minimal

gelf-sustaining decomposition (8.8.D.)tendesncy.

Thig paper refers to the different activities carried
out by Agrimont to obtain high quality fertilizers.

Raw materials

Agrimont's nitric attack process requires an accurate
definition of slurry production and granulation steps with
regard to the type and quality of the raw materials
available.

The problems arising from phosphate rocks and
phosphoric acid are usually connected  with PO
retrogradation which may ocecur in the ammoniation step &u2
to impurities present in those raw materials such as Fe, Al,
Mg, the amount of which depends on the supply source (2).The
problem occurs when high ammoniation grades are used during
slurry production,

Precipitaticn of water and/or ammonium ¢ltrate
ingoluble P,0. can be prevented by correctly ammonlating the
phosphoric Qlarries in the neutralization reactors and by
establishing their residence time there-in (Fig. 3).

The formulatione for the various grades are designed to
fix the caleium from phosphate rock only as calcium sulphate
and calcium monophosphate {water soluble). If the rock
attack and the ammoniation are not carefully operated
calcium can precipitate water insoluble forms of phosphates,
The positions in the process where to feed the raw materials

are carefully arranged to avold the said unwanted reactions.

Generally, fertilizers with a high w.s. P.O content
are produced, not only to satisfy market demand ﬁu% alsc to
optimize the granulation step whoge performance improves
together with an increasing amount of granulating ligquid
phase, '

The ammonium sulphate used in fertiligzer production is
a by~product of petrochemical and other
industries,Generally, this salt 1g available in large
crystals, which cause bad granulation if fed directly into
the granulation drum. '

The fertilizer granules thus obtained would be of low
hardness and have a high tendency to cake especially because



of reactions occuring during storage between free ammonium
sulphatse and ammonium nitrate to give ammonium sulphate
nitrate salts (3).

To prevent such problems the ammonium sulphate is fed
inte slurry coming From the attack reactors before
ammeniation in order to dissolve it and make it react with
the calcium in the solution to precipitate calcium sulphate.

Potassium sulphate is used ag a source of potassium in
¢chlorine free products. Like ammonium sulphate, potassium
sulphate if fed direcly into the granulation drum, causes
fertilizers to have a minimal chemical stability and to cake
because of reactions oc¢curing during storage between KZSD
and NH,NO. (3).Also in this case the salt is added to %thé
proceag siurries where it behaves like ammonjum sulphate.

In order to obtain stable s¢lid phases in the
manufactured fertilizers (3) potassium chloride 1s dissolved
in the slurry before the granulation drum.

The "equlibrium state" of fertilizers is tested by an
improved x Ray gquantitative analysis method (Appendice 1}).

Procesgss Patrameters

To test new raw materials and hew formulations,
Agrimont uses a pilot plant with granulation both in a
rotary drum and a spouted bed.

The mailn process parameters developed in the pilot
plant are:

- phosphate rock attack: temperature, residence time,
H/Ca0 ratio, 50, /Ca0 ratio, s0lid/liquid ratio,
phosphate rock/phugphoric acid ratio;

- ammoniation: grade of neutralization in the different
steps, temperature, residence time, vield of ammonia
absorption;

- dissolution of potassium salts: temperature, residence
time, yield of dissclution;

- granulation: temperature, glurry/recycle ratio,
granulation pH, granulation efficiency;

- drying: temperature, residence time,

The products obtained in the pilot plant are tested to
evaluate their quality and optimum amount of anti-caking and
anti-dusting agents,.

The process parameters thus developed in the pillot
plant are transferred to and optimized for the industrial
plant.
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Particular attention is paid to the definition of
parameters hecesgsary for obtaining slurries with the
recguired rheological characteristics to allow high
ammoniation and granulation efficiency at a high capacity of
the plants.

Proceggs Slurry Rheology

The process slurry rheolegy is studied in particular
detail since the quality of final products depend greatly on
this. ,

Slurries consist of solid crystalline phases suspended
in a liquid phase which is virtually saturated with salts.

The suspension viscosity value, at given temperatures,
18 directly influenced by the following parameters :

- viscosity of the suspending liquid phase;

- weight ratic between the solid and the liquid; phase;
- shape, size and nature of the solid particles;

- external specific surface of the particles;

- electrostatic interactions between the solid particles
and the liquid phase.

From the point of view of rheological bhehaviour, the
slurries can be either newtonian, or pseudoplastic or
plastic type.

The newtonian slurries are characterized by a constant
viscosity, independent from the shear gstress they are
subjected to. The viscosity of pseudoplastic slurries
depends on the shear stress they are subjected to. The
rheological behaviour of the plastic slurries is similar to
that of plastic ones except that a minimal shear stress
value must be exceeded in order for them to flow,

Newtonlan slurries make the process work at steady
gtate in each section of the plant including the points
where the flow speed 1s low. Often, when pseudoplastic
slurries are present, manufacture is difficult and
atiomalous.

It is obvious from the above that the newtonian
elurries must be of the lowest possible viscosity with a
ninimum water content to avoid reductions of producticon
capacity.
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The best situation occurs when the suspended sclids are
highly crystalline and therefore do not absorb water. This
can seldom occur because of the impurities (Fe, Al, Mg,
organic matters) forming c¢olloidal complexes.

To optimize the quality o¢f the slurries the £following
ie essential

- to choosge the type of phosphate rock attack (nitric,
phosphonitric¢ or sulphonitric) at given temperature and
solid/liquid, H/Cao, Soifcao ratios;

- to define the number o¢f ammoniation steps, grade of
neutralization and temperature of each one;

- to choose the best solid/liquid ration and temperature
in the potassium salt dissclution phase.

It must be kept in mind that in slurries when
increasing:

- the s0lid/ligquid ratic, the vigcvosity increases

axponentially;

- the temperature, the viscosity decreases
proportionately

- the water content, the viscosity decreases
exponentially.

The viscosity value and rheclogical behaviour of the
slurries influence the baslic steps of the fertilizer
production process: ammoniation and granulation:

The newtonian slurries at low viscosity allew the
maximum efficiency of neutralization with ammonia. They
induce, during the granulation step, salt deposition in
subseguent layers that is the optimum for fertilizer
guality.

In conclusion for each grade relatjonships similar to
those showed in Figure 4 are derived at different operating
conditions.
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The importance of the rheological behaviour of slurries
becomes clearer from the table given below:

15.15.15 from pilot plant

Newtonian Plastic

slurry slurry

Hardness Ky 2,5 1,7
Dustiness ppin 200 600
Spherjcity Index ‘ .90 0.75
Average Grahule Size mm 3.10 2.8
Anticaking Efficiency % 92 73

Physical Storage Parameters

storage times of fertilizers vary considerably, from
less than a month to several months. It is essential that,
during this storage, either the fertilizer remain completely
free flowing or that "caking" be so minimal that the normal
handling will restore the original free flowing conditions,

The caking phenomenon can be caused by chemical
reactions occurring between the granule surfaces, by
physical factors related to the gquality of granules
{particle size distribution, hardness, sphericity ete¢.) or
by storage factors (time, temperature, heap helght etc,).

Air humldity can cause moisture absorption/desorption
on/from granules, leading to degradation of products, that
depending on critical relative humidity of fertilizers. But
it's our experience that the behaviour of bulk guantities of
fertilizers in a heap 1is guite different from that of
individual particles. That is, air humidity 418 not so-
eritical for the caking tendency of the whole heap and it
only affects surface lavers of granules in the heap.

By laboratory storage simulations and by observing the
real behaviour of bulk heaps, it was possible to derive the
following general relationships for our fertilizers treated
with a standard content of conditioners

It = A (t)D’21
IT _ B {T)l,SE
Iy = c (w70
where
I is a measurement of the caking tendency of

fertilizers
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t is the time cf storage in days
T is the fertilizer temperature during sgtorage
H 1s the height of bulk heaps.

Coefficiente A, B, C depend on the type of product,
that is, chemical and physical characteristics of the
granules.

From the above relaticonships it becomes evident that
the temperature and the height of heaps considerably
influence fertilizer caklnhg tendency, much more than time.

Following the above observations our products are
normally stored in bulk heaps not higher than 10 meters,
after having been cooled at 30-40 °C before being stored.

Emplric relationships have been derived for all our
fertilizers in order to optimize the anticaking treatment,
taking into account physical storage conditions and moisture
of producte. In the case of the 13.13.2%1 fertilizer, for
example, the following relationship has been dJdeduced at
constant heap height:

6 1

I =-42.8+0,008 (T)1°%% 4 11.0024 (£)°-21

8

4.22 (% H20)1'7 + 7.65/ (% Anticaking + 0.1)

Figures 5 - 9 show simple correlations between caking
index I and the variables used to derive the  above
relationship.

According to our experience and our products, the
caking tendency of fertilizers can be interpreted as
follows:

Index I Cakling Tendency
0 =5 free flowing
5 -9 low
9 - 15 madium
> 15 high

Anti-caking and Anti-dusting Conditioners

An anti-caking conditioner 18 a c¢chemical substance
which is applied to the surface of the granules to maintain
them free flowing during storage and handling.
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Most of the antiucaking conditioners are composed of
very fine inert powders, whose purpose is to form a physical
barrier between the granules.

The anti-dusting conditioners (oils and waxes) are used
to lower the ‘'"natural” dustiness of granules and also of
that caused by the anticaking powders. The antidusting
conditioners are applied after the anti-caking treatment.

Using the above treatments, the most diffused nowadays
and defined as double step type, it 15 not always easy to
get the maximum anti-caking and the minimum anti-dusting
effect simultaneously.

Consequently, the fertilizer industry has tried to
solve the anti-caking and anti-dusting treatment problem by
using one step conditioners of a liquid type, generally
consigting of amminated waxes containing polymeric
gsubstances.

Agrimont uses both double step treatments and recently
introduced one step liquid treatments. Both treatments give
final preducts with high anticaking and anti-dusting
efficiency.

However, an increased use of the 1liquid treatment 1is
foreseen, since this lowers environemental dustiness a lot
during fertilizer production and handling.

To optimize the double step treatment a rotating drum
has been developed which allows the liquid to be sprayed on
to a "falling curtain® of granules and so coat them
homogenecusly with the correct quantity of anti-caking
¢onditioner.

The ligquid substance is fluorescent, and the coating
efficiency can therefore be checked by an ultra-violet lamp.

Consideration on self-sustaining decomposition and how to
Iimit It o

Fertilizers containing ammonium nitrate and potassium
chloride may show self sustaining decomposition, a
phenomenon 1in  which a deccmposition front, initiated
locally, will spread gradually thoroughout all the
fertilizer.This decomposition ig accompanied by the
evolution of gases containing toxic components and a
considerable loss in weight of the fertiligzer.

The tendency for a fertilizer to undergo this type of
decompogition c¢an be determined at ambient temperature and
at elevated temperature by means of the "Through test"”
(4).The sensitivity of the test at ambient temperature does
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not permit measurement of propagation rates of the
decomposition front (PRDF) of less than 5 cm/h.The method at
elevated temperature has been developed further to assess
those fertilizers which only exhibited a borderline tendency
for salf-sustaining decomposition when tested at ambient
temperature,

The above equipment 18 generally sultakle for looking
for self heating properties of fertilizers in terms of
propagation of decomposition. Quantitative estimates of
fertilizers' bhehaviour during the decomposition phenomenon
may be made via calorimetric technigues.

A calorimeter working under confined, adlabatic
conditions is available in Agrimont's Research Centre.The
equipment allows a search for exothermic reactions, to
measure absolute rates of decompoeition, to determine the
amount of heat involved in occurring reactions.

Tests for PRDF measurements and calorimetric estimates
of 88D can be accompanied by guantitative X Ray
determination of salts constituting fertilizers, by chemical
analysis and by physical measurements.

Gases evolved during fertllizer decomposition can also
be analyzed by gas-chromatography and/or via ceonventional
analysis. Resulting sclids after decomposition can be
examined via X Ray and chemical analysis.

From a general point of view fertilizer colorimetric
data have showed an initial endothermic phenomenon, due to
evaporation of free and crystalline water in addition to
decomposition of ammonium phosphates. This first step is
followed by an accelerated rate of exothermic reactions of a
different type.

Fertilizer granules show a critical temperature below
which no decompeosition occurs even if they have been
maintained around that temperature for days in adiabatic
ceonditions.

The total reaction enthalpy was found in the range 100
- 170 cal/gr., depending on the different types of
formulations.The relationship between the reactivity of
fertilizers (amount of heat developed per weight unit) and
the PRDF (cm/h) has shown to be poor.

In fact the PRDF is strongly influenced by the particle
size distribution and porosity of granules, . while
calorimetric measurements are hardly influenced by these
phyisical parameters.

An increase of the free water content of fertilizers
induces a decrease of PRDF but, generally this parameter 1is
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not taken into account for lowering PRDF of fertilizers
because generally an increase of the water content of
granules also increases their caking tendency.

An increasing content of organic matter alseo increases
PRDF of fertilizers.Calcinated rocks with low content of
organic matter can 1limit their effect on PRDF but the
production costs may rise.For the same reason it 1=
advisable to coat fertilizer granules with low rates of oils
and/or waxes.

The rate of decomposition of fertilizers decreases with
an increasing c¢ontent of ammonium sulphate, diammonium
phesphate and urea.

Urea can be used in those fertilizers where ammonium
nitrate has totally reacted with potassium chloride or
potassium sulphate.In fact the mixture of urea with ammonium
nitrate gives high hygroscopic compounds; the result would
be a low quality fertilizer.

Simultaneocus presence of N - NO and C1 -~ at low pH
enhances fertilizer decomposition ratg.Therefare fertilizer
PH should not be below 5.5,

Cu, Cr, and Co¢ can 1ipncrease the rate of decomposition
of fertilizers.But, generally, at the concentration level
they are found in phosphate rocks, there is no pratical
influence on $.5.D.In this respect problems might arise from
plant corrosion phenomena, which generally are well
¢ontrolled.

Physical properties of fertilizers (like hardness,
porosity, granule size, dustiness etc.), in addition to
chemical properties, have an influence on §.5.D. The best
control in this respect is to produce quality fertilizers,
paying a lot of attention to the granulation step.

A practical way to produce fertilizers with low
tendency for self sustaining decomposition 1is te increase
water soluble P Ds.This could be a problem (but it is not)
in NPK process@sg] like Agrimont's based on the sulphuric
nitric attack of phosphate rock without calcium removal,
because of the competition in the formation of NH4H2P04{
(NH4)2 HPO4 and CaHP04.

on the other hand the presence of calcium sulphate
dihydrate in fertilizers manufactured with our process 15 a
further guarantee against S.5.D. because of the presence of
crystallization water,

The precipitation of caleium using - either sulphuric
acid and/or ammonium sulphate does not sometimes solve the
Problem in getting high w.s. P.O., unless some specific
operating process conditions are ﬁaintained.
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Table 1 shows main chemical data of three different
types of 15.15.15 manufactured without/with using H 30 and
improving ammoniation.It clearly shows that only an inérease
of w.s. P,0g glves a fertilizer free from 8.5.D.

The possibility to reduce 5.5.D. by increasing w.s.

content of fertilizers i1is easier for high grade
faraulations than for 1low grade formulations.A typical
example is given by N.P.K. 12,9.27. Table 2 shows that the
fertilizer could be produced free from §.5.D. only by adding
DAP in the formulation.

On the other hand, when necessary, orystalline

ammonium sulphate and simultanecusly DAP are used as raw
materials to further limit S.5.D.

Quality assurance

Agrimont's Quality Assurance represents an advanced
conception of the traditional Quality Control and tends to
guarantee the conformity of fertilizers with customer's
requirements.

It deals with the following main fields of activities:
- technical assistance to production plants;
- examination of fertilizers stored in the factories;

- examination of fertilizers stored by dealers and
farmers;

- study of causes which have eventually given rise to
fertilizer quality problems;

Electronic Data System (E.D.S.) managed by the Quality
Assurance Department (Q.A.D.)}) allows Agrimont's factories
and Agrimont's sale divisions a daily storage of all
requested information inside a main computer situated in
Porto Marghera - Venice (Figure 10).

Thus Q.A.D. persconnel c¢an immediately initiate in time
the above activities, when necessary., Furthermore E.D.S8., 1in
addition to allowing standard process and quality data
processing, makes available easily and quickly all
information about the whole story of fertilizers which have
caused customers' complaints.

Thus an interactian of personnel in different positions
of respongability is made possible; problems are pointed out
and sclved in the right way and quickly.
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It must be pointed out (1) that plants' performances
are monitored by autematic instruments to control:

- concentration of liquid feeds

- N-NHa, N-Noa, KZD and ons content of slurries;
- vigcoglity of slurries;

- water content of products leaving granulators;
- water content of products leaving driers,

Furthermeore plant personnel perform once evaery shift
the fellowing measurements on the manufactured fertilizers:

- anti~-caking and anti-dusting content;
- particle size distribution;
- hardness;
- dustiness;
- caking tendency by an accelerated test method.
Plant personnel thus receives necessary information in

time and can control production processes efficiently.

Conclusions

Most of the problems encountered with fertilizers are
those resulting from deficiencies in Physical properties;
frequent problems inglude caking, dustiness pcor
flowability, segregation and excesgive hygroscopicity.

Customer acceptance or preference for a particular
fertilizer to another of equal plant food content is always
based on physical properties of the product,

Furthermore, during the past recent years international
demand for high guality fertilizers has continually
increased.

All the main fertilizer industries have responded by
improving their products,

Agrimont has faced and is facing quality problems
carrying out extensive research on the basic influencing
factors.

The purpose of this paper wag not to show particular
specific results. We simply wanted to stregg that the
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improvement of the "1d Fertilizer® need a lot of
investigation, a lot of research in different fields, safety
and ecology ineluded.

The "0ld Fertilizer" needs further improvement; the
main international industries are thus competing for that
and Agrimont is ready for the competition.
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APPENDICE 1

AN IMPROVED X RAY QUANTITATIVE ANALYSIS OF FERTILIZERS

Ags outlined in MONTEDISON's report TF/80/12, a lot of
theories regarding caking of fertilizers have besn developed
over the years but none of them was completely satisfactory.

The paper stressed the important role of the
"equilibrium state of granules" on caking tendency of
fertilizers. A powerful tecnique to evaluate this "state” is
given by x Ray Quantitative Analysis of Fertilizers.

Theory and results, are discussed below with reference
to an improved method of analysis developed by us.

Introduction

Klug and Alexander (5) first examined thoroughly the
problem of quantitative X - Ray analysis, pointing out the
relevant difficulties, The intensity of diffracted beam by a
polycristalline mixture is affected by geveral factors,
apart from concentration,

The most important ones are : absorption effects of the
specimen, diffraction angle (which determines the value of
polarization Lorentz factor), particle size of the spacimen,
preferential orientation of crystalliine powder occurring
during sample preparation before analysis. These
disadvantages can be kept within certain limite using a
suitable technique in sample preparation {that is in the
specimen must be ground, sieved and accurately mixed before
the pattern recording).

X - ray diffraction 1s generelly used for quantitative
analysis of compounds showing at least a non-superimposed
diffraction line. A suitable technique is the indirect
analysis by means of an internal standard: this method 1s
precise but too time consuming.

Another method uses the relation hereunder (n23): by
this it 1s poesible to calculate directly the c¢oncentration
of a phase by measuring the intensity of a pure component
diffraction line, the same line intensity in the mixture
under analysis and calculating the mass absorption
coefficients of the mixture and pure ¢omponent.

In the analysis of certain rock samples the use of
uncorrected X-ray diffraction data have supplied good
results (6).

If the pattern lines of the component to be analyzed
are all superposed, it is necessary to carry out line
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deconvolution by computer (7) or with multilinear regression
program (8): both methods require the recording and the
measurement of mixture and pure compounds X-ray diffraction
patterns. .

Theorz

Klug and Alexander (5) demonstrated that for a uniform
powder mixture of a crystalline component it heolds the
following relationship:

K. c
1 %
1) Ii =
di . /us
where
Ii = intensity of X-ray diffracted by the i-th component

of the mixture by some selected plane h.K.l.

¢y = welght fraction of the i-=-th component.

=
I

density of the i-th component.

1 = mass absdrption coefficient of i-th component.

'd.

u = mass absorption cocefficient of the mixture.

It

i
]

i constant depending upon the nature of the component
and the geometry of the apparatus.

For a pure component it becomes

K
i

2) I =
o -
di /ui

Dividing 1) by 2) the following equation is derived :

3) i = — ¢
/us
Weight fraction of the i-th component can be obtained
if the mixture pattern gives & non-superimposed line of the
rhase to be analyzed. This is a rather infrequent case in

the fertilizer patterns; therefore relationship 3) (if a
peak 15 present on which n compounds reflect) becomes:

4) I ~ u = I - .
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Where I gives beak intensity of n reflecting
components, Thg above relationship c¢an be written for each
diffractian line by the following :

. = d R =
5) I“ fus Y an I:l U, X

Relationship 4) becomes

6) Y = X v,

According to the least square theory, {9) 1f each
variable X, is independent, coefficients ¢, can be obtained
gsolving th& following relationship :

7) c=8"R -8

Where 8 and R are two matrices (R”* is the inverse
matrix),® is the standard deviation of the variables, r 1is
the correlation coefficient among the independent variables,
¢ 1s the coefficient vector (the unknown quantity), s is the
correlation vector among the independent and dependent
varliables.
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The following relationships are thus defined :

0}'4 0 eu... 0
. o
0 % cees ©
%
8) 5 = *
0
0....%
74,
f
1 xlx2 TTCTUCCC wlxn
Y, . r
Xaxi 2xn
9} R = x
........ 1
rxnxl rxan
‘1
c
2
10) Cc = .
c
n
rxly
T
11) 8= *2y
r
xny
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EXPERIMENTAL PROCEDURE

All the patterns have been recorded using a Philips
diffractometer mod. PW 1140 with automatic chart-recorder
(scan speed = 1°/min, the radiation employed was Cu Ky (i =
25 mA, V = 40 kv).

The computation of data has been performed with the aid
of a programm stored in the START-PACK library of a computer
UNIVAC 1140. ’

The analysis of a fertilizer sample 1is rPerfomed
operating by the following scheme :

- sample pattern is recorded

- the different compounds constituting the sample are
qualitatively determined and peak intensities are
measured

= . the mass absorption coefficient of the fertilizer
sample is calculated by the internal standard method :
a sultable standard should be inert and should have one
of the strongest lines not superposed by the mixture
pattern. The value fus 1s calculated uaing
relationship 3).

- using the above experimental data and the theoretical
data on pure compounds necessary to define relationship
4) a multilinear regression program ig run in order to
obtain the coefficlent values c, and their standard
errors. i

Regults and Discussion

To test reproducibility and accuracy fo the developed
method, several multicomponent crystalline mixtures Hhave
been prepared and analyzed. Observed data, listed in Table 3
and 4, show a deviation from true valueg of 2 per cent
maximum, according to the values given by Klug and Alexander
{5} for the quantitative analysis of single component using
the internal standard technique. With regard to the
reproducibility, the percentage variation coefficient
results less than 10 per cent in 2/3 of the determination
this deviation 1s c¢ertainly about the normal one for this
kind of analysis and canr be considered quite gsatisfactory.

The erxrror arises from the following factors
- instrument stability and reproducibility

- particle size: mixture of samples and standards are
ground in a ball mill and sieved under 32/um;‘1t was
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demonstrated (5) that an effective crystallite size of less
than 10 ,um is necessary for good reproducibility (2-3 per
cent). Tﬂis result can be obtained with a prolonged grinding
or with the use of sedimentation techniques to eliminate the
coarser size fractions; this however would notably lengthen
analysis time.

- density : a difference of specimen density leads tc a
varlation of layers stricken by the X=-ray beam and,
consequently, of diffracted beam intensity.

Samples of compound fertilizers have been analyzed
using the procedure explained above after having been
accurately prepared in the laboratory double salts and solid
solutions.

Analytical results are listed in Table n° 5. The data
have been obtalned from double analysis and an
averaging.The sum of the phaseg concentratlon resultg less
than the theoretical value: that derives both from the
presence of amorphous compounds and from impurities in the
raw materials that cannot be noticed.

Percentages of elements N/ 5/K o have heen
calculated from diffraction data and tﬁe a?ues have been
compared with the chemical analysis results, as listed 1in
table n® 6, Differences are less than 2 per cent (in
aboslute terms), as in the pure salt analysis.

Conclusgions

A method for the dquantitative analysis of c<¢rystalline
phases 1n the fertilizers has been explained in the present
paper.

Compound pattern 1is recorded and peak areas are
measured.

Diffraction line intensities of mixtures are compared
with pure phase peaks wusing a multilinear regression
program.

Both pure salts mixtures and compound fertilizers have
been analyzed.

The results obtained in the present work show a
Percentage variation coefficient within 10 per ¢ent and
absolute errors within 2 per cent.
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FIGURE £- NITRIC ATTACK FERTILIZERS PRODUCTION WITH BRUM EREHHL&TWH.'PRHCE“ FLOW SHEET.
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FIGURE 2+ HITRIC ATTACK FERTILIZENS PRODUCTION WITW SPOUTEY BED GRANULATION. PROCESS FLOW SHEET OF PRIOLO PLANT.
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Figure 3 : Insoluble P;0g vs. mole ratio at different times in liquid
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Flgure 5 :

Caking Index of N.F.K. 13.13.21 vs. water content of the fortilizer
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Figure 6 : Cakipng Index of N.F.K, 13.13.21 v=z. anticaking content of fertilizay
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Figura 8 :

Caking Index of N.F.K. 13,13.21 va. bulk heap hight of the fertilizep
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Figure 9 :
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TABLE 1 N.P.K. 15.15,19 RESULTS

Chemical Analysis and PROF

Witheut stoh With H SO“ Nith H_30
1 Aam. Step 1 Awm. Steps- 2 Amm. Steps
N - H03 ¥ 6.9 5.5 6.0
N - HI-I3 % 8.2 9.5 9.0
s. PO X - 9.0 2.2
W.g 20 . 6.8
w.c.s5. P O % 15.0 15.1 14.8
25
Insoluble PZOS X 0.1 0.1 6.1
Wb Wota5. P205 % 45.3 58.6 a2.2
Tokal PO % 15.1 15.2. 15.0
K0 % 14.9 15.0 15.1
Moisture % 1.7 ‘ 1.3 1.3
pH / 5.7 9.8 5.8
PROF cn/h 20 8 0
TABLE 2 N.P.K. 12.9.27 RESULTS
Chemical Analysis and PROF
Without. (NB 50 i ith (N S0
ithout. ( 4}2 A Nith (NHA)ESQh Wit (1»")2 A
and DAP. and DAP
N - H03 x . 5.5 4,7 4.6
N - NH3 E 4 6.6 7.3 7.2
W.z. P 0 4 4.5 8.1 7.0
28
W.i.%. P D0 % 9.1 9.2 4.0
25
Inseluble PEDS ¥ 0.1 0.1 g.1
Wes./Wates. PO % 49,5 L1 77.8
25 . '
Total P O % . 9.3 g.1
2% 9.7 )
KED X 27.1 26.9 27.4
Moisture X 1.5 1.5 1.2

PROF " cafh 28 ‘ 15 ]
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Componants

Conpanents

KND
KEl
KHZPD#
xzsaﬁ

{oaponents

kel
KNQ
3

KH_PGQ
PR

K_50
2 &

Theoretical
Value { % )

13.3
5.2

9.5
32.0

Theoretical

Value

47.8

t)

Theoreticsl

Value (

3.3
25.2
35.8

11.7

%)

- 29

TABLE 3

FOUR — COHPCNENT MIXTURE ANALVSIS

Exparimental 5t Dev.
Value [ % ) *
14.5 2.4
25.3 1.8
19.2 0.4
&9.7 1.8
Experimantal 3t. Dav,
Value (%) *
14,3 i.5
170 Q.3
23.1 1.6
46.49 1.4
Experimental 5t. Dev.
Yalus (X ) *
22,10 1.8
23,4 3.0
37.9 ' 1.2
9.5 . 1.3

* ¢ calculated from the average of five detereinations.

Components

K_50
E

Kl
KND
3

kH_Po
74

NakD
™

L)
azﬁﬂﬁ

Components

KG1
KND

3
KH_ro

2%

K, 50
24

NaNg
"3

Na_50
2 4

-

Theoretical
Value [ X )

Theoretical
Valuw { %]

27.7
5.6

18.1

TABLE &

'SIX - COMPONENF MIXTURE ANALYSIS

Experirental
Value ( X ) #

25.5

Experintntal
Value { % )

23.7

¢ caleulated Frow the average of Five determinations.

5t. Dev.

. Dev.

0.3

1.5
1.1
0.7
3.4

Porcentage Varlation
Coefficient

13.8
6.2
1.9
3.5

Percentage Variation

Coefficiant

13,3
5.7
.4

3.4

Percentage Yariation

CoefFicient

B.2

13.1

Fercentage Variation
Coefficient

3.0
18.7
7.3
10.6
5.2

7.4

Percentage Variation
Cosfficient

3.1
5.3
14,4
7.6

3.3
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TABLE 5

ANALYSIS OF A 15.15.15 N.P.K. FERTILIZER

Components Observed Concentration
in ¥ w/w
Cas0, 1.0
NHACI 17.8
KZSDh . 2NH4N03 | 13.¢
{ K,NHb )HZPOA ‘ 21.6
KN03 . .NHﬁHO3 : 3&.9
CaK2 (sol')2 - H,0 3.8
ANALYSIS OF A 15,15.21 N.P.K. FERTILIZER
Components (bserved Concentration
' in % wfu
(A, . K)C) ' 2.7
NHQCI 26.2
KN03 38,2
("HA)ZHPDQ : 9.0
(K'NHAJHZPDA ) : 13_.7

ANALYSIS OF A 12,12,12 N.P.K. FERTILIZER

Components Observad Concentration
in % wiw
(NH ,KINO ‘ 22.8
4 2

CaHPDh 21.7
NH C1 10.4

4
GasD . 1/2H 0 12.2

a0, - /2,

3KNO, . NH ND 21.6
3 4 3 ‘



PO
25

PO
25

K. 0
2
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ANALYSIS OF 15.15.15 N.P.K, FERTILIZER

Concentratien calcg
lated in % w/uw

16.8

Concentratien ana

lyzed in % w/w

15.6
14.4

14.2

ANALY3IS OF 15.15.21 N.P.K, FERTILIZER

Concentration calecu.
lated in % w/w

15.2

12.9

#0.6

ANALYSES OF 12.12,12 N,P.K. FERTILIZER

Concentration calcg
lated in % wiw

Congentration ana

lyzed in % w.w.

Concentration ana

lyzed in ¥ wiw

Difference

+ 1.2

- 1.7

Difference

-7

-0.7

Difference

+ 1.3
- 1.6

+ 0.2
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TA/788/3% Effect of raw materials, process operation and conditioners
on physical characteristics, chemical properties and
bei:-viour of NPK fertilizers by A. Barbera and R. Monaldi,
Agr mont, ltaly, :

DISCUSSION (Rapporteur J.M. BIRKEBAEK, Superfos Fertilizers, Denmark).

Mr, J.D. CRERAR (Hydro Fertillizers Lid., UK)

Please give information about the granulation pilot plant.

a/ What size/capacity ?

b/ Continucus or discontinuous operation ?

¢/ Costs and manpower needed.

d/ How are heat losses compensated for in caleulating the heat balance ?

a/ When the plant runs, the capacity is 200 kg/day (i.e. approx. 13
kg/hour).

b/ The pilot plant is running continuously 16 hours per day.

¢/ The cost of the pilot plant was about 500 mio Lire. Manpowsr in
the plant is 3 persons/shift.

d/ The plant is very wall insulated. We have measured the heat loss
and we compensate all data obtalined by this figure.

We have found excsellent correspondence to data obtained in the full
scale plant.

(Q.d was answered by Mr. G. BRUSASCOD).
Mr. H. HERD (Kemira Oy, Finland).
1/ How do you measure the rea! viscosity in situ (in reactor 7)

2/ Have you a method to measure the crystal size in the (oversaturated)
slurry 7

3/ How do you see the relationship between crushing strength of granules
and caking tendency ?

4., Do you see any dilemma between capacity and physical quality,
espacially concerning slurry viscosities 7

1/ The measurement of the slurry viscosity is of special importance
in the spouted-bed granulation process.

The epparatus we have installed is a rotary type viscosimeter, i.e.
a rotor situated in a coaxial cylinder. We measure the "strength" (i.e,
torque) to maintain a constant speed of the rotor.

2/ We do messure the crystal size in the slurry. It cen be measured
by optical microscopy, electronic microscopy, Coutter counter, etc.

Y AR SRR



In particular, we measure the nucleation rate and the growth rate of'
the gypsum crystals coming from the wet-process phosphoric acid, We
do this by screen analysis and optical microscopy.

3/ Caking is reduced by producing large granules whereby the number
of contact peints between granules is reduced.

Mechanical weakness of granules usually promotes excessive caking as
these granules tend to deform in the storage and form relatively large
contact areas, In this c¢ase, Thompson mechanisms and capillary adhesion
has a most important role in fertilizer caking. Also fracturing granules
can form fines that promote caking.

4/ Yes, since [T Is difficult to have high plant capacities and good
quality of the fertilizer.

To reduce problems, lots of experiments must be done in pilot and
industrial plants to contrel all parameters in the right way.

Mr. G. KONGSHAUG (Norsk Hydro, Norway).

Your coating system contains a fluorescent substance glving the
possibility of measuring the coating efficiency.

Can you tell us more about the fluorescent substance - +the chemical
composition and the amount ?

A fluorescent substance can be added, but, if the coating substance
contains arometic compounds, then generally there is enough fluorescence.

Mr. B. CHRISTENSEN (Superfos Fartilizer, Denmark).

1/ By what equipment or method are +the wviscosity and plasticity
measured 7

2/ Can you explain the reason for decreasing the cigar-burning effect
(5.5.D.) by adding DAP to NPK 12-9-27 ?

1/ We measure tha viscoslty In a rotary viscosimeter with continucus
flow of slurry. What we memasure is the strength necessary to rotate
the rotor at a constant speed in the drum,

2/ Addition of DAP reduces the cigar-burning effect because it absorbs
heat. DAF can also be used in forest fire fighting.

. ORPHANIDIS {Dustag, France).

1/ What 1s the explanation for the high inscluble P205 Increase with
time for N/P mole ratio between 0.6 and 1 as shown In Flg. 3 7

2/ What happens with solubility retrogradation beyond 6 hours
(24,48,...} ?

3/ Can vyou please give more details about +he Argirec applications
shown in Fig., 9 (temperature of granules, temperature of Arglrec, cooling
of granules after spraying, size/RPM of coating drum).
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1/ In this pH-range are precipitated a lot of different insoluble
phosphates, for ex/ Al, Mg, Fe and others,

2/ In the equilibrium state a lot of Insocluble phosphates are prasent.
The equilibrium s reached In days not in hours, so the solubl ity
loss is higher in equilibrium than shown after 6 hours.

3/ The data presented in Fig. 9 are based on fabaratory test.

We heat 10 kg of fertilizer in a rotary drum for 30 min., and have
the possibility of varying many different parameters as shown.

The temperature during treatment in the plant Is 70-80° €, and the
product is coolad to below 40° C, ‘

We u® at present "Argirec" powder, but are going to change to liquid
and only liquid coating materials.

Mr. R. HUTCHINS (Texasgulf inc, USA).

What is the anticaking agent "Argirec", and how would one goe about
getting samples for evaluation 7

The anticaking agent "Argirec" is an Inert powder, clay type. Samples
for evaluation can be got from:

Blancs Min&raux de Paris, 40 rue de Vignobles, 78400 Chatou, France.



