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USE_OF CHEMICAL AND PHYSICAL DATA TO IMPROVE THE
QUALITY OF GRANULAR FERTILIZER PRODUCTION.

A. Barbera, R. Monaldi
(Montedison $.p.A. Milano - Italy).

This paper describes some of the most important improvements achieved
by Montedison in the Tast years in the field of NPK compound fertilizers
obtained by reaction phosphate rock with nitric acid.

This was achieved by simply improving the operating conditions of the
plants with inexpensive modifications.

Such improvements have been achieved thanks to the information gained
from physical chemical and technological tests (besides the usual tests at
disposal of any laboratory operating in the field of fertilizer) such as:
density, granule apparent density, porosity, specific external and total
surfaces, critical relative humidity, hardness, powder content measurements,
X ray and microscopical tests.

The availability of the information supplied by the tests and the in-
terpretation of the results, allows a suitable onerating conditicn change
of the plants, both to improve the quality level of the products, and to
increase the capacity .and the process yields. :

The present paper describes three differant situations which occurred
in NPK plants, in each of which, through the information given by the whysi
cal - chemical determinations and by the technological tests, it has been —
possible to obtain a sionificant improvement of the dayly output.

The first example takes into consideration the improvement of the NPK
fertilizers with reference to caking phenomena,

) That was achieved through the investigation of ophysical-chemical data
n the intermediary staces of the procass and in the oroduct by X ray and
microscopical investigation,

~ Besides solving the caking problem, sianificant increases in the capa-
city of the plant and process yields have been obtained.

The second example concerns the imorovement achieved in the capacity
of a traditional rotary drier through the interpretation of the aranule
parosity data, and the consequent changes of the fertilizer formula and of
plant operating conditions, y

Lastly the example describes an interestina case of "ecoloaical® impro
vement obtained by reducing the powder in the drier exit qases by the mor-—
phological modification of the crystals which constituite the aranules, us-
ing surfactans.

~ The positive result was supported by the examination of hardness, po-
rosity, specific surface and also by microscopical tests.
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What described above justifies the space given in the paper to the tre
atment of three meanigful production examples, while a short description. oF
the physucal-chemical procedures, and of the technological tests are given
in the appendix.

IXAMPLE 1.

The compound fertilizers of the type NPK are composed of multicomponent
¢rystal systems whose greater or Tesser stability can influence the greater
or Tesser tendency to caking.

The study of the salts constituting the fertilizers givés usefu] in-
formation on modification necessary for the plant operating conditions with
the atm of improving the quality of the products as far as caking 1s concer
ned, .

As previously metioned, sometimes such information allows the achieve-
ment of other objectives at the same time, such as, for example, an increa-
se in the plant capacity and in the improvement of the process yields,

Below we describe two cases which demonstrate the importance of the
study of the salt systems as a means of improving the operatina conditions
of compound fertilizers plants.

Theories and Considerations on Compound Fertilizer Caking,

The majority of theories on compound fertilizer caking tend to put the
phenomenon down to the binding forces of the granules with each other gene-
rated either by crystallissation of the soluble salts following evaporation
of the water (I), or by phase changing, or by chemical reactions, or By the
formation of solid salt solutions (3), phenomena which Jead to the formation
of ¢rystal bridges among the granules.

According to Thompson (4) the phenomenon of cementation of the granyles
by the formation of crystal bridaes is not relevant part of the mechanism
which leads to the caking of granular fertilizers.

He has proposed a theory based on the plastic deformation of the gra-
nules and on the binding force due to depression induced by capillarity
(capillarity adhnesion).

In our opinion the "canillary adhesion" of the fertilizer granule theo
ry is valid, and can explain certain phenomena of cakino otherwisze inexpli-"
cable,

However, it is wise to say exactly that the transport of the material
via saturated solution from the centre of the aranules to outside, the
transformation of the chemical systems to reach equilibrium, the phase
changes generally lead to deformation and softening of the aranules: which
contributes tn increase dareatly the surfaces available to cause the "ca-
pillary adhesion mechanism.

In other words, the "equilibrium of the aranules® has always a rele-
vant role in caking phenomena whether crystal bridges are formed or not.

One way of minimising the oroblems relating to cakina could be that

of reducjng the moisture of the products to very low Timits, thus making
the possible reactians very slow, a technique used by many producers.
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Montedison has preferred to produce fertilizers with a moisture between
0.8% and 1.5% to avoid possible self sustaining decomposition phenomena,
~hich, as known, are higher with low moisture levels.

Below, some of the improvements made on our original process operating
conditions are described, with the aim of obtaining products composed of so-
1id phases as stable as possible. For this we have partigularly made use of
X Ray and microscopical examinations. ~

We shall discuss two cases in particular: the compound fertilizers 12-
12-12 and 12-12-178.

In the first case the potassium is supplied as KC1, and in the second
as K»3504.

KC1-NHgNO3 system and production of fertilizer 12-12-12

In Figure 1, the flow sheet of the NPK compound fertilizer Mgntedison's
plant is given.

In the past, at the operating conditions used during the production of
the compound fertilizer 12-12-12 the KC1 feed was directly added into the
granulator as crystals.

The granules of the fertilizer produced had a marked tendency towards
caking during storage mainly because of exchange reactions between KC1 and
NHgNO3 since the products contained large amounts of free KC1,

We studied many articles existing in 1iterature an KC1-NHgNO3 system,
and made- some specific checks on the system itself, in order to obtain prac-
tical information for improving the characteristics of the 12-12-12 fertili-
zer from the point of view of the stability of the solid phases constituting
the granules.

Obviously such checks were carried out (expecially by X Ray and optical
mic:os%opy) to cantrol the different phenomena both qualitatively and quanti.
tatively. -

In addition reaction kinetics, expecialiy affected by KC1 ¢rystal size
were studied. ‘

The KC1-NHgNO3 system is composed of two pairs of reciprocal salts,
bound together by the reaction

KC1 + NHghNO3 = KNOq + NHgC1

Since K* and NHz* ions can mutually replace each other, the formation
of solid solutions o$ the type (K, NHa)NO32 and (K, NHq)C? are possible.

Janeke and Meyer-Hoffer (5, 6, 7) established the general principles
Fo? obtaining the phase diagram of the system composed by reciprocal salt
pairs,

The phase diagram of the system KCT1-NH4NO3 was studied by Janeke (8, 9)
who gave the isotherms within the range 0-60°C.

A A complete description of the binary NHqNO3-KNO3 system is reported by
nde (3).

Janeke studied in particular the phase diagrams at 35°C and 65°C.

In Figure 2 the phase diagram at 120°C (temperature of slurries in the
Montedison process for 12-12-12 production) we studied experimentally (the
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dotted Tines given in it have indicative value) is described. The system at
the given temperature has the following solid solutions:

(NHg, K)CT1 solid solution of KC1 in NHaC1
(K, NHg)C1 solid solution of NHaC1 in KC1
(NHg, K)NO3 solid solution of KNO3 in NHzNO3
(Ky NHg)NOg solid solution of NHgNO3 in KNO

Two triple points are possible with the follewing solid solutions:
(NHz, K)CT + (K, NHa)CY + (K, NHz)NO4 point F on the 120°C diagram
(NH4, K)CT + (NHg, K)NO3 + (K, NH3)NO3 point E on the 120°C diagram

Point 1 of the diagram gives the ratio KC1/NHgNO3 in the 12-12-12 ferti
1izer. .

In equilibrium conditions at 120°C, total avaporation of solution having
composition of point 1 gives the following three salts,

(NHg, K)C1 + (NHg, K)NO3 + (K, NHgq)NO3

According to Janeke, at temperature below 55-60°C one obtains the above
mentioned three salts and (K, NHg)C1 never appears.

On the other hand at temperature above 55-60°C, the evaporation follows
a different pattern: (K, NHg)C1, (NHg, K)CT and (K, NHg)NO3 initially preci-
pitate .

. The system then undergoes a transformation with redissolving the (K,
NHg)C1: the final solid is once more (NHgz, K)CT, (NHg, K}NO3 and (K, NHa)NO3

In conclusion in the s07id phase with Hy0 = 0 at the temperatures taken
into consideration, the evaporation of quuigs of composition corresponding
to Point 1 must give solids containing neither KC1 nor (K, NHg)C1.

Moreover at the studied temperature inversion of the stable salt pair
does not occur. This is due to the effect of the solid solutions an the sta
billity of the simple saits,

Taking into consideration what has been stated so far, the plant was
equipped with a reactor (6 bis of Figure 1) so as to feed the KC1 into the
ammoniated slurry. The wodified process operating conditions (followed 1in
1ifferent experiments by X Rays and optical microscopy) allowed us to obtain
solid mixtures of salts very close to the equilibrium at the drying tempera-
ture. The 12-12-12 fertilizer thus obtained shows only weak caking tendency
during storage.

The obvious action so produced was that of allowing the crystal phases
to reach stable equilibria through dissolution and precipitation mechanism:
when the KC1 was added to the granulator, here it remained partially unreac-
ted, continuing to react with ammonium nitrate, as forecast by the phase dig
grams, during storage.

similar studies were carried out on other NPK fertilizers using KC1 as
raw material,

The granules were always free Flowing and the anticaking agents use was
reduced: money was saved,

[n Table 1 the running conditions achieved by adding KC1 into ammonia -
ted slurry are given. The results obtained with the two different conditions
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are alsg given,

In the first case, a large amount of free unreacted KC1 was observed,
while in the second the potassium was completely found in the solid solution
(NHg, K)NO3 and (K, NHg)NG4., Figures 3A, 3B and 3C, show the photographs of
thin sections of the granu?es obtained in the two different running condi -
tions.

The moﬁt interesting result was supplied by the caking test (10): the
fertilizers produced adding KC1 in the ammoniated slurry, proved free flow-
ing with 2 caking index value below 30.

An interesting application of this information has enabled us to replace
the KCT normally used in the past (screen analysis in Table 2 column A) with
3 KC1 having larger particle content (screen analysis in Table 2 column B),

In order to stabilize the final crystal phases it was necessary to in-
crease the retention time of the KC1 in the slurries and the dissolution tem
perature, The plant was equipped with another dissolution reactor (reactor
& Figure 1} and part of NHy was put into this reactor to increase the ther-
mal level of the slurry. ?n Table 2 the new running conditions and achieved
results are given.

The fertilizer is free from unreacted KCT and the caking test gives the
same value as the product obtain with the KC1 at smaller size.
Ko304 - NH4NO3 system and production of compound fertilizer 12-12-1753

For the compound fertilizers where there is the salt pair K;S04-NH4NO3
the problems relating to caking are much greater than those deriving from
the salt pair KC1-NH4NO3 because of the greater system complexity.

The potassium sulphate ammonium nitrate system has been studied by se-
veral authors (3, 12, 13, 14, 15) both in water solution and in the melted
state at different temperatures,

ﬂccording to Osaka (15) the following salts can exist as solid sglution
at 25°C:

(NHg, K)SOg solid soTutions of K504 in (NHg)oS04
(NHz, K)NO3 solid soTutions of KNO3 in NHgNOj

(Ks NHg)NO3 solid solutions of NHgNO3 in KNO3

( )

NHzs K)2304 . 2NH4NOq solid solutions where the jon NHg+ bound to $04-- can
be partially replaced by K*

{NHg, K)2804 . 3NHgNO3 solid solutions where the fon NHgt bound to 504~ can
be partially replaced by K+,

When NHg* replaces K* an expansion of the crystal lattice cccurs since
NHa* has a slightly larger ionic radius than K+ (Table 3). '

Kz504 and (NHg)2504 are isomorphous and mutually soluble in every pro -
portions.

~ 30lid solutions of NH4NO3 in KNO3 III containing from 26% to 44% ammo-
nium nitrate and solid solutions of KNO3. in NHaNO3 III containing up to 30%
of potassium nitrate were obtained,

[t was found that, in disagreement on what Coates (11) stated, and in
agreement with Ando (16), solid solutions of NH4NOg in KNO3 II containing up
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Figure 3 C - Thin section photograph of reacted salts durina the process.
KC1 added in slurry.
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to 132.5% ammonium nitrate, can exist.

It was not found possible to.prepare solid solutions of the type (NHz ,
K}2504 . 3NHgNO3 despite many attempts at different temperatures and caoncen-
trations according to Coates (11).

Table 4 gives the X Ray powder diffraction data found for the double
salts (NH4)2504 . 2NHgNO3 and (NHg)-S0z . 3NH4NO3. The data for (NH4)2S04 .
2NHgNQ3 agree with those of Smith (17) and Coates (11) while those found for
(NH4)2§04 + 3NHgNO3 agree at the most with those given by Coates (11),

The KpS504-NH,NO3 system admits according to Osaka (15) three triple
points made up of the following solid solutions:

(NHg, K)2S0g + (NHg, K)504 . 2NHgNO3 + (K, NHg)NOs
(NHg, K)2SOg . 2NHghO3 + (NHg, KINOg+ (K, NHy)NOs
(NHz, K)2S04 . 2NHgNO3 + (NHg, K)NO3 + (NHg, K)2304 . 3NHzNOg

By carring out isothermic evaporation of mixtures at different tempera-
ture and conditions, the existence of the three triple points were confirmed
while in the place of the solid solution (NHg, K)2804 . 3NHaNO3 the double
salt (NHz)»30, . 3NH4NOg was always found.

In the production of granular fertilizers NPK type containing potassium
sulphate and ammonium nitrate, it is important to find the best operating
conditions for obtaining a stable product in order to avoid caking phenomena
during storage. '

With reference to the production of the compound fertilizer 12-12-17%
whose flow sheet is shown in Figure 4, four different K2504 feeding condi -
tions were adopted. That in order to establish the best conditions for ‘ob-
taining a product stable during storage. The four feeding conditions, which
different mainly in the point of the plant where the potassium sulphate was
added, can be grouped as follows:

Feed A KoS04 added in g (Figure 4)
Feed B KgS0g added in 4 (Figure 4)
Feed C KpS0p added in 1 (Figure 4)
Feed D KpS04 added in stoichiometric ratio to CaQ in 1 to form

CaS0, and the balance in 6,

The fertilizer produced according to feed A (Table 5) gave a product
which in storage showed a strong caking tendency even when coated with great
amounts of anticaking agents. Moreover the yields of water-soluble P05
(45.8% w/w) were very Tow.

Using feed B, the quality of the product is slightly improved, but how-
ever with a reduction of capacity due to bad working conditions of the con -
-entrator positioned after the feeding point of Ko3504.

As compared with feed A the water soluble P205 yields are greatly impro
ved (from 45.8% to 75.0%) while the water soluble KoQ yields are reduced
quite a Jot.

With feed C at the same capacity as feed A a stable product in storage
was obtafned and as compared with feed A the water solubie Po0g ylelds were
double, although the water soluble K0 yields were less again,

The best feeding conditions from the economical point of view proved to
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pe feed D (18). As compared with feed A, the water soluble P?O5 yields had
an increase from 45.8% to 73.7%, the K,0 yields were pratical y the same
while the plant capacity had an increase from 35 tons/hr to 38 tons/hr.

However, with feed A, the product was by non means acceptable as far as
caking tendency was concerned.

The fertilizer produced with feed D did not show caking tendency. The
different salts of the fertilizer were in equilibrium at drying temperature
and did not show caking problems during storage.

The great increase in the water soluble P20 yields can be put down to
the fact that the feeding conditions D led to the formation of ammonium pho-
sphates and calcium sulphate rather than dicalcium phosphate.

The examination of X Ray lines of the products obtained with the feeding
conditions B-C and of A-D showed that in the first case K2304 . 5CaS04 . Ho0
was present.

The double salt has a lower solubility than that of K»S04 . CaS0g . Ho0
present in the products obtained with the feeding conditions ﬂ—D. That is
why the products obtained with the feeding conditions B-C had a lower yield

of water soluble Ko0 than that of the products obtained with the feeding con
ditions A-D,

EXAMPLE 2

The most important phenomena of the drying operation can be summarized
as follows:

- the water diffuses as vapour in the vacuum (porosity) in the salid (19).
This was demonstrated by Garside (20) who also supplied the most recent
mathematical model of drying

- the slow stage of mass transfer is the diffusion of water-vapour in the
salid (21) :

- the slow stage of heat transfer is outside the granule (22) in the tran-
sfer from air to the surface of the granules

- the exact solution of mass transfer equation studied by Garside leads to
the following observations:

a) 1in an industrial rotary dryer the drying takes place, keeping the
other factors constant, at the same rate as in a fluidized bed. In
fact the time during which the granules are out of air contact is not
lTost: diffusion goes on inside the granyles.

b) the diffusion takes place in such a way that a portion of wet material
exists in the centre of the granule, which shrinks Tittle at a time as
water evaporates.

A semplified expression of the general equation considering what has
been reported above, can be so derqved

BK(p-py) Dt
(C/Co)72/3 « (C/Co)=1/3 - (C/eo)V/3 + (C/Co)2/3= (P - Py ,

Cg @ ?2 T
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where:

and Cp water contents at the time t and t5 (gr/gr)

and p, vapour pressures of the water into the granule and outside (bar)
diffusity of the water (cmZ/sec)

density of the solid (gr/cm3d)

granule radius (cm)

absolute temperature (°K)

time {sec)

constant dimensional which has the value 0.2193 with the units chosen
above.

The relationship 1 can be used considering D constant during the drying.

Actually there is an interaction between diffusivity D and the structu-
re of the granules which has not yet been studied completely,

What has been stated above is because any direct measurement of di?Fuqi'
vity.D has been carriad out. Only indirect measurements of the diffusivity
D are available using reTationship 1 or similar equations where the other
variables are known. However it is known (20) that calculating the diffusi
vity through the relationghip 1 , D values are obtained exponentially bound
to the porosity.

Aot —w0o0 OOC Oy

From the practical point of view, it is therefore in particular the po-
rosity which conditions directly the drying rate. One must also stress that,
with the present experience, at least, the link between porosity and diffusi
vity is indipendent from the nature of the solid, and thus valid for every
granular products.

The characteristics of the solid affect the drying "via" the vapour pres
sure p in solution which wets the solid.

A study in laboratory and an in industrial ammonium nitrate plant was
undertaken in order to correlate the diffusivity D to the porosity for this
product.

The porosity was modified by using increasing amounts of an anionic sur
factant.

In Figure 5 the values of the diffusivity calculated by the 1 against
the measured porosity are reported. The derived relationship existing
between the diffusivity D expressed in cmZ/sec and the porosity V expressed
cm3/em3 is given by:

D = 0.48 v3.60

The influence of the porosity (and granule size) on the capacity of the
rotary drier was studied at the NPK plant for the 25-10-0 fertilizer.

The factor which conditions the capacity of the plant 1s the evaporat -
ing capacity of the drier. At the hourly capacity of 30 tons the moisture
of the product was equal to 1.2% and this result is to be considered unaccep
table, The situation was improved through a change of the formula which
could determine an increase of the granule porosity.

Here after two different operating conditions are described, which for
the sake of brevity, we shail name A and B,

Formula A differs from formula B in a higher feed of phosphate rock,
while in the B formula superphosphate is used, adding it directly to the ro-
tary granulator. In both formulae the ammonium nitrate (96% conc) is
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produced in a separated reactor and added to ammoniated slurry before going
into the granulator,

The flow sheet of the process is given in Figure 1. In Table 6 the most
important values of the two different operating conditions are given. In par
ticular, the more significant data found in the drying stage to test the
drier capacity in the two different operating conditions are reported.

Finally the chemical and physical characteristics of the products are
Jiven in Table 7,

The granuyles of the two fertilizers seem guite different in porosity
and size.

The granules obtained with formula B, in particular, have more than
twice the porosity value than those obtained with formula A, and the internal
specific surface values appear quite in line with the porosity values.

The higher porosity of product B and the different granule size (average
diameter of product on entering the drier, mm 2.7 against mm 3.4) is due to
the highest capacity reached by the driers. In fact, with the operating con
ditions A, for a production rate of 30 tons/hr, 2000 kg/hr of water were eva
porated in the drier, obtaining a product with residual moisture of 1.2%.

With formula 8 1t was possible to raise the production rate to 35 tons/

h;,oeviporating 3000 kg/hr of water with a residual moisture in the product
0 .8

The influence of porosity (and granule size) on drying capacity i{s so
confirmed.

EXAMPLE 3

An ecological problem present in the production of compound fertilizer
1s that of the powder inside the plants, and above all, the problem of pow-
der going into the air from the chimneys of driers and coolers expecially if
the plants are not equipped with wet washing system. The dust problems,
which arises from the undesired flaking of the granules varies from one
product to another,

The theory which best explains the phenomenon (23) relates this flaking
of the granules to a localized loss of mechanical resistence expecially on
the granule surface due to the shape and bond type of crystal which determine
the strength of cohesion of granule surface.

The formation machanism of granules is based on a coating of recycling
granules by the fresh slurry: a cooling, crystallising happens; while the
residual liquid phase penetrate in the original nucleos.

The external zone has not therefore enough liquid to fill the inter -
stices between the new crystals.

During the drying, surface crystals are subject to a flaking whose in-
tensity depends on surface structure.

The variable which directly or indirectly can influence the flaking of
granules are:

a) composition of liguid phase (solubility). The low viscosity of the 1§ -
quid phase simplifies its separation from the solid part on the growing
granules. From this point of view ammonium nitrate granulation shows a
disadvantage as compared to the slurries of ammonium phosphate.
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The impurities present in the phosphoric acid, expecially iron and ally~
minium, have a coagulating effect and thus prevent dust;

~b) the temperature (affects both solubility and viscosity):

¢) the presence of large crystals and dggregates (greater than 20 - 30 mi-
crons) which form more permeable layers and which make aggregates with
Tess points of contact;

d) the presence of surfactans which reduce surface pressure of the liguid
phase in the granulator and facilitate the percolation in the underlying
porosity, Some non-ionic surfactans, have proved to have a limited ac-
tion on porosity, although they had a positive effect on hardness of the
granuie, giving them a greater resistence in the flaking phenomena.

Microscopical investigation have heen carried out, first on granular am
monium nitrate and then on 25-10-0, which can be defined as the most powdery
of our NPK fertilizers: they showed that these surfactans medify the morpho
Togical characteristics of the crystals, which become thinner and thus ad-
here more easily to the surface of the granules,

Although having the same average diameter, the granules have, in fact,
a greater external specific surface and hardness.

These surfactans also proved to have a positive influence on granula -
tion. '

In fact reducing the size range of the product leaving the granulator,
the efficiency of granulation is improved, and also the working conditions
of both screens and crushers are improved,

Table 8 gives the results obtained during the 25-10-0 producticn both
with and without surfactans (conditions A and B).

The amount of dust in the gases leaving the drier were compared with the
screen analysis of the product leaving the drier, and with the physical cha-
racteristics of the granules.

As can be noted, the use of non-ignic surfactans allowed the amount of
dust Teaving the chimneyby 5 times.

From the screen analysis it can be seen that without surfactans, about
3 kg of fines passing 100 mesh screen were found per ton. of cireulating pro
duct, whereas adding the surfactant such amount was found to be less than
0.5 kg.

The physical characteristic show that the granules obtained with the
surfactant are harder and have greater external specific surface at the same
average diameter.

_ Such a value is not justified by the porosity value which proved to be
slightly greater.

On the other hand the internal specific surface value is in agreement
with the porosity.

Example 3 completes Example 2 and illustrates how, by suitable running
conditions it was possible to achieve two aims at the same time: increasing
the drier evaporating capacity reducing dust from chimney,
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APPENDIX: equipment and methodology

Here after, the equipment and the different methods of investigation at
disposal of Montedison's Fertilizer Research Centre are briefly described,
attempting to emphasize the meaning and the use of each test for the impro-
vement of the quality of fertilizer production,

X Ray Diffractometry and Optical Microscopy

An X Ray powder diffractometer equipped with a goniometer and proportio
nal counter is available., It is possible to adapt to the sample camera a
special device (made by us) which enables us to carry out tests in the tempe
rature range 0-60°C, The routine tests are:

1) qualitative analysis

2) quantitative analysis

3) determination of lattice constants

4) determinattion of average crystallite size

5) changes in phase or composition within temperature range 0-60°C,

What described in points 1 - 2 -~ 5 was very useful in the study of the
two salt pairs KC1-NHgNO3 and Ko304=NHgNOg both as far as concerns the equi-
librium, and the reaction kinetfcs at the temperatures achieved in the plant.

The study of the reaction kinetics, in particular enabled us to esta-
blish the best operating conditions for the compound fertilizer production.

That alTowed us to obtain products in equilibrium during storage, as de
scribed in Example T, with low caking tendency, .

By suitable computing programs, lattice constants and average crystalli
te costants are calculated using both interplanar spacing data and profile
examination of diffraction lines.

The data are particularly important for deriving the composition and
the reactivity of phosphate rocks.

By computing unit cell dimensions of the solid solutions which are pre-
sent in the compound fertilizers, the cationic ratio K/NHg can be derived,

After the X Ray investigations have been completed, the optical investi
gations are performed.

As a matter of fact, for the quali-quantitative investigation of multi-
component mixtures composing the compound fertilizer granules, the X Ray dif
fraction data are mostly used,

The optical microscopy is used expecially to examine the mutual arrange
ment of the crystals inside the granules, their morphology and to reveal the
possible mechanisms of reaction in the solid phase.

This is basically done by studying thin sections of the granules, whose
preparation is particularly accurate.

The microscops, for documentary purposes, are equipped with devices for
macro and micro photography. :

. However the aptical microscopy is not always (and only) a support tech-
nique for X Ray diffractometry. It can become a primary technique and often
proves indispensable,

By the examination of the thin sections, guantitative analyses can be
carried out for specific cases, such as, for example (to refer to examples
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reported in the text) the.determination of the free KC1 and K»S04 in the com
pound fertilizers. ‘

The optical microscopy has allowed us to carry out important morphologi
cal studies.

Such studies have in particular, for example, enabled us to modify the
crystal shape of the KNO3, separated as intermediary product from a particu-
lar process of compound fertilizer production (24) obtaining rhombohedrical
shaped crystals instead of thin flat crystals, thus avoiding filtration pro=-
blems,

Finally (using optical microscopy) specific techniques were studied for
determining the nucleation and growth rates of crystals in continuous flow
crystallizers, under specific experimental conditions.

The last possibility has opened up a great research field, since the
results of the determination of the nucleation and growth rates as a func-
tion of the operating conditions, can be suitably applied aven in the ferti-
lizer industry.

Interesting applications have been made in the produétion of wet pho-
sphoric acid to improve the morphology of the crystals with the use of non-
ionic surfactants.

Critical relative humidity

Part of the caking phenomena can be related to the mechanism of absorp-
tion and desorption of water which occur on the granule surface: in such a
way crystal bridges can form among granules (by precipitation of the most so
Tuble salts) causing caking of fertilizers. -

The absorption of water on the granule surface occyrs when the partial
pressure of the water in the air is superior to the vapour pressure of the
saturated solutions on the surfaces of the granules themselves.

The opposite effect occurs, on the other hand, when the vapour pressure
is superior,

Finally 1t is obvious that when the vapour pressure of the saturated 50
lutions of the sample is equal to the partial pressurg of the water in the
air there is neither absorption nor desorption of water.

It is defined as "Critical Relative Humidity" the relationship between
the vapour pressure due to saturated solution of the granule surface and the
vapour pressure of water at the same temperature,

Practically the CRH represents the relative humidity of the air at
which the substance neither absorbs nor desorbs water.

When pure salts are involved the CRHM measurements are simply performed
medsuring the vapour pressure of a saturated solution prepared in any way.

In this case the CRH is indipendent of the water content.

In the case of granular compound fertilizers, the CRH depends on the
water content and on the salts presents as impurities, which can be more so-
luble than the main compounds constituting the fertilizers themselves,

In this case, it is necessary to know the behaviour of the CRH with ra-
spect to the water content of the fertilizer.

The apparatus used in our laboratory is described in Figure 6.
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APPARATUS FOR CRITICAL RELATIVE HUMIBITY BETERMINATION
AT BIFFERENT WATER CONTENT

VALVE N
A

Hz20

VALVE

1

TO VACLUM

~ HIGH YACUUM 0IL

FIGLURE B
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Basically, 1t 1s modified Menzi's Isoteniscope immerged in a thermosta-
tic bath where {t is possible to humidify the fertilizer, to control the
water absorbed, measure the vapour pressure of the fertilizer.

It is very important to know the values of CRH for the different ferti-
lizers, because, as mentioned, the mechanism of water absorption and desorp-
tion, and therefore possible caking phenomena depend on that values.

It is to be abserved that the phenomena are also directly connected to
the type of solid phases present in the fertilizers,

For example, in the case where a fartilizer containing the salt pair
K2504 - NHgNO3 is stored far from the thermodynamic equilibrium at the sto-
rage temperature {1t can contain great amounts of free unreacted NH4NO3 which
lowers the CRH and thus makes easy water absorption,

The Example given above, clearly demonstrates the interdipendence of
the microscopical and diffractometric investigations on the CRH measurements,

The integrated examination of the results clarifies the phenomena of
water absorption on the surface of fertilizers during storage,

Basides measuring the Critical Relative Humidity, it can sometimes be
important (and our laberatory carries out such determination) to measure the
water absorption rate.

Such a rate depends on the relative humidity of the air and on the CRH,
on the ventilation, on the particle size of the product and on the amount of
water already present, in the fertilizers.

The results of such tests supply information on the storagé conditions
of the products and on the bagging,

Real density, apparent density, porosit » external specific surface, total
specific surface, powder content of ?er%ilizers, granule hardness

We shall deseribe below only the principles of these measurements, brie
fly, because the practical use of the data taken from these measurements,
has already been shown in Examples 2 and 3.

The real density expresses the weight in grams per cm3 of the material
composing the solid under examination (without empty spaces). The determina
tion is made by measuring the actual volume of a known sample weight. In ouf
laboratory, a picnometer with gas pressure balance is used to measure it.

The granule apparent density represents the ratio between the weight
and the known volume o e granules. The volume of the granyles includes
the empty spaces within the granule (porasity). The determination of the
proper volume of the granules is made by putting the samplie into a container
(diTatometer) with a known volume, and by fi1ling the empty spaces between

the granules with mercury. From the weight of mercury used, its volume is
calculated, and by difference, the proper volume of the granules,

The external specific surface of the granules of a fertilizer is defi-
ned as the extension of the surTace area of | gram of the product and is ex-
pressed in cmé/g. At Fertilizer Research Centre this measurement is made by
determining the value deriving from the pressure drop of a gaseous fluid
passing through a porous medium. The fluid used is anhydrous air with known
viscosity. Measuring the different pressure drop values-that occur when an-
nydrous air is made to flow at different rates, with lTaminar flow, the calcu
lation of external specific surface is possible by means of Koreny's formula,
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The total specific surface of a product is the sum of the external sur-
face area and of the surface area of the inside holes. It is determined by
making the sample cooled in Tiquid nitrogen. A monomolecular layer of ni -
trogen (from a mixture of nitrogen and helium) 15 adsorbed on the surface
area (external and inside). The gas is then desorbed and analyzed by a con-
ductivity detector which determines the amount of nitrogen absorbed, Since
the surface which can be covered under normal conditions of T and P (4,39
m2) is known, it is possible to calculate the total specific surface,

The porosity of a granular product is by definition, the volume of the
empty spaces of | g of granules. To determine the value of the empty spaces
inside the granu1es, the technique of mercury penetration under pressure
(2000 kg/cme maximum) inside the granules. On the basis of theorical laws
1t is possible to correlate the pressure used with the size of the filled
spaces., The volume of the filled space {is equal to the volume of mercury
used, which in our equipment is followed automatically (by a needle in con-
tact with the mertury put into a capillary with a constant diameter) versus
the pressure increase. It is possible to derive the volume of the pores on
the basis of their diameter.

The powder content measurement of a Eranu1ar fartilizer is based on the
evaluation ¢ e weight o e dust which 15 given o y the fertilizers
submitted to stress of an air flow under controlled conditions.

The granule hardness is carried on the granules which reprasent in size
the average diameter of the granules of the product to be examined. The me-
thod is based on the measurement of the mechanical stress of compression ne-
cessary to break the fertilizers.
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TABLE 1 - 12.12.12. production with addition of KC1 in granulation or in slurries
SR

Kl KC1
in granulator in slurry

MATERIALS FEED

- PhOSphate POCk 98008 sccssssccsvscssssccese kg/tOH Of PPUdUCt 309 309
= 10“ H2304 0600000000000 0ORRIGAOCIORITIIIIOGIOOORES - . 120 . 120
10m HN03 0800000000000 0208000800000000000 " 271 271
- PZOS frpm H3P04 ®s0ccscsscosccecsccccssccenee K . 26 26

- NH3 000000000 CTEO000C00000008000TCIERISEISTS " 85 85
- Kc] © 0000000000006 000000000C0000000GBROOCOY "' 208 208
- coating agent ®80000000000000000 00000000 ‘ " 4 ‘F

PRODUCT!ON RATE 008000000000 008000000080000000 tons/hr 48 ) 4‘8

AMMONIATED SLURRY

- water 9088000000 0000000000000000s000000000 z 19 19
- NH3 : H3P04 m°]e ratio noo-.ooo.o..;cooo‘o - 0.97 0.97
- TEMPBPQtUPe 90000000000t ecncesc0asnsesssen Oc 110 110

- Viscosity at 110°C 0s0cesccecceccsvscncnce . cP . %0 90

SLURRY AFTER KC1 ADDITION

- water 0080300000000 0000000000000000 0000000 z . 16
- Temperatur‘e 0000000000008 000000000008000 . oc 103
R = ViSCDSitY at 1100C ¢®es00sscsssseecssccne . CP 63

GRANULAT 10N

- RECYC]G ratio ®08800000000ccssss00cse0cen = . 400 1"05
- PI“OdUC‘t mOiS‘tur‘e G80csscvsscsvcsscssenescce % #08 l"'ﬁ
= Temperature l.l....;...l.(..ll.“..'...... oc 71 75

PRODUCT

- Moisture s.vcieecccsccccccccccccccosansnne y4 14 1.5
- Water soluble P25 .uiieeeeescscecccocsacss o » 6.0 6.1,
- Water and cytrate soluble Po05 . ..ceeeeeeee ! 12.0 12.1
= NH3oN  ceeeeeeeccenccncscionccncrcccncncnes ! 6.4 6.4
= H02°N cieeieericcecciccrccneccccscenannnes " 5.7 5.6
- Solucle K20 eeeeecececesncccccncanccecees ! 12.0 1.9
= Free KO eeveiececrorsecacecncececncenane " 4.0 "0
- Total porosity sieeeessccccceccecccencsses nl/nl 0.0932 0.0798
= Hardness .uiieeecececsccscesceccecscnscsace kg 2.0 2.3

15

[$1]
wl

- Caking index €escsevscccncssstsscssncccsne -
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TABLE 2 - 12.12.12 production by two different types of KC1 in reference to screen analysis

A B
small size KCI large size KCI

KC1 SCREEN ANALYSIS

* + 2,000 M sieeeeesccccscacacscesane Z 0.0 0.0

* 2,000 £ 1.000 M  seeeeeecccocccescoscacass " 2.7 1.9

* 1,000 ¢ 0,500 M eeeeceescsscaceccsscassne " 2.0 23.7

* 0,500 ¢ 0,200 MM veceeeeencscssscosascscan " 11.3 46.8

* 0,200 ¢ 0,075 MM veeeeeeccerccccncosnssone " 12.3 21.8
= 0,075 MM teeiieseeecsoccscsccscsaes " 11.7 5.8

FORMULA (See TABLE 1)

AMMONIATED SLURRY BEFORE KC1 ADDITICN
= water‘ 0000800000000 000000030000000¢0000000 0 19'0 19.8

- NH3 : H3PO mole ratio ..ciieeecccecee.. o - 0.97 0.92
= Temperature 000000 R0CE00S0CLOGQRSISISIIIOOIPROOTS OC 110 110
- Viscosity at 110°C [CEY R R T Y ¥ esecssssccssnsee CP gO 47

T

SLURRY AFTER KC1 ADDITION

- Dissolution rate seeeeeececcescecccoscccoss min 30 60
- Free KC1 in the dried sTUrry .iiceeesscces pA 4 4
< Mgt H3PO, 0T ratI0 veeereeerrseeneenns - 0.97 0.97
- Naler ciieeeeecccssecevcscersacacascccccce A 16.0 16.3
- Temperature ..ceevescesccssscscacccscscecs oC 103 103

£RODUCT

- Free KC] (R R R Ry R Y Y T Yy % 0
- HardneSS ®eee00800000000000000000s00cscte kg 2'5 2'5

- Caking indEX ®600000c0scssvscccccensscnsesn - 15 15
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TABLE 3 - Major line shifts of solid salutions
SOLID SOLUTION OF (NHy)oS04 IN K50, SOLID SOLUTION OF (NH,) 7S04 IN KpS0, . 2NHNO4
] [\]
Z(NHy ) 2504 d A Z(NH,) 250, dA
10 4,190 10 3.255
25 4,210 20 3.270
50 4,250 30 3.275
I6) 4,310 40 3.300
90 4,349 45 3.380
SOLID SOLUTION OF NH,NOg IN KNO5 11 SOLID SOLUTIGN OF NHyNO3 in KNO3 111
1] V]
% NH,NO3 d A % NHyNOg d A
5 3,784 " % 2,30
10 3.789 ki 3.3
13.5 3,792

SOLID_SOLUTION OF KNO3 in NH,NO3 111

9

7 KNO5 d A
10 22
20 3.20

30 .19
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TABLE & - X Ray diffraction data of ammonium sulphate nitrate double salts

(W, )20, _, 3WH,NO3 (it )5S0, o 2H,NO5
[} 0

dA | dA |

12,30 VW 9.93 m
1.97 W 1.52 W
7.63 Vi 6.70 ]
5.37 mw ' 5.45 VW
5.1 W 5.22 W
5.00 VW 4,95 s
4,76 ms 4,68 5
4 54 mw .21 VW
L1k vs 3.78 W
3.99 W 3.46 vV
3.96 W 3.30 vs
.90 VW 3.19 vs
3.80 W 3.03 vVW
3.70 VW 3.00 VW
3.63 VW 2.93 m
3.4 VW 2.85 W
3.26 Vs 2.65 VW
3.17 vs 2,59 VW
.1 vs 2.51 VW
3.01 4 2,48 s
2,98 W 2,40 W
2.90 ms 2,32 vW
2,16 VW 2.25 VW
2.73 mw 2.12 VW
2.69 VW 2.00 VW
2.62 vs 1.98 v
2.49 12

2,28 VW

2,26 Vi

2,25 v

2,20 v

2,09 2
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TABLE 5 - Results of experiments for compound fertilizer 12,12.17 production

Feed a Feed b Feed ¢ Feed d

PRODUCT

= Moisture cieeeeeeccecccccccecaccccccacccasacens pA 1.4 1.2 1.3 1.3
NH3 = N ceceeeececccccncennneneccocccnonscanees " 6.6 7.0 7.0 7.1
= N0 = N eeeieiiieeeeetetcnccsescccoscconccnccns " 5.5 5.0 5.0 5.0
- Total N eeeeiiieeeiieenntecseneciionnecccennnns ! 12.1 12.0 12.0 12.1
- Water soluble Pylc weeeceecencenenceeneees (A) " 5.5 9.0 10.3 9.6
- Water and cytrate soluble P05 ..ceeseeeee (B) " 12.0 12,0 - 12,2 12.2
- MWater soluble K90 vevesecscececrsscncecnes (C) " 17.0 17.0 17.0 17.0
- Total K20 eieeiecenseeciescnccnccnconcanes (D) " 17.2 18.4 18.4 17.3
- Water soluble P205 yield ..eeceeeeee. (A : B) " 45.8 75.0 8k 4 78.7
- MWater soluble K70 yield ....cevvssees (C: D) " 98.8 92.4 92.4 98.3
- Hardness siiiceeeseciccccccccecsectccecinnneaes kg 2ok 3.0 3.0 3.0 -
- 80 60 15 15

Caking INdEX ceeeecesesesencsosssscssssscascons

CAPACITY tons/hr 5.0 25.0 35.0 38.0
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TABLE 6 - 25.10.0 production

Operating conditions

a b

MATERIAL FEED

- Phosphate rock seecseececcccssecsscccsssssecscacace kg/ton of product 158 12
= 1007 HNO3 ceeerececccncecscccanccccncscccaccnccens " 5 80
= 1007 HySOi cevecscecesccccascecccccccccnsancncnnss " 60 -
= P05 from H3POp seeevecececccccccccerscconcncccann " 60 50

= NH3 0000000000000 00000000000000000000000008000000c00 43 1{'6

= NHAN03 96% 0000000000000 00000000000000000080000c000 " 605 625
= Superphosphate 18/20 R R R Y Y Y Y Y TR NN - 162

Ca)
<
Ca)
w

PRODUCT‘ON RATE $000800000000003000000000080030000000 tonS/hf‘

AMMONIATED SLURRY

= WAEP tieeecsccccececsssccccssccaccccasascccsccnes p4 8.2 9.6
- NH3 1 HgPOy mole ratio seeieeececscescescnconconss - | 0.97 0.97
- Temperature ..cceecesceccsccsssscssaccassasscasconns oC 115 120
- Viscosity at 1109 ,eveeececscccsnscceccacancaccns cP 28 19

GRANULAT 10N

- Recycle ratio seeecsecsssccesccacascccsssacascccas - 4,9 5.1
- Water content in input product .eeeecsecesccesscese Z 1.2 0.8
- Temperature .ieescesecccccececceocscccscsscasssecns oC 80 79
- Slurry t0 granulation .eveeeeeeeeccececenceceecens tons /hr 3.5 22.5
= ReCYCIE tieiecrescesscacsccnccncasnacscssaccscares " 150 180
- Water content in output Product ..eeeeessesecscess Z 2.3 2.2

DRY!IAG

- Water in inpul product .ieeeeecececcecessocsscnase 4 2.3 2.2

- Water in output oroduct siieceeecescsccssessesssee " 1.2 0.8

= !nput prOdUCt temp. 0200000600008 0060000000900000n00e OC SC 7g

- CQutput product 8MDe  ceeeeccececccccecccnsccscane ! 77 4

- Drier air t 1 ' 78 L
rier air temperakure 0000 ceeccncesvosssnssscscce 4

- Evaporated water in 1he drier .eeeeecceccccsscscses kg /nr 2606 2GCC
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TABLE 7 - Physical and chemical characteristics of 25,10.0 producedat two different operating conditions

CHEMICAL ANALYSIS

- MOiSture 000000080000 000090000000000000000000000000COCARGIIOGES

- NH3 = N 800000000000 00000000000000000000000000000000000006
= N03 - N 008000000000 000000000000000000¢0000000000CORCSGSIGETS

= Tota] N $0000000000000000000000000000000000000080000000s000

- water So]ub]e P205 9030000000000 0000000000ccs0c0ss0000s00
= water and Cytrate SO]Ub]e PZOS 980scscocorvsceccrccscssscccvone

AVERAGE GRANULE DIAMETER 90000000000 0009000000s0s0s0000000000

PHYSICAL CHARACTERISTICS

0
- 75.000‘38 A porOSity ®0000000cs0c000000s00000000v 0000000000
- 560,000'751000 pOPOSitY ooooo-oo--oooo.o.oo--o..-on;-o..-o

= Tota] pUPOSity 0800000800000 s00000cssc00000aRC0RREOOOCOIRS

TECHNOLOGY TESTS

- Hardness 0000000000000 000000000000000000000000ccacssscsnacos

= Caking index at 45°C 000020000000 0c000s0000000000 000000000

mm

1.2
12.4
12.8
25.2

8.0
10.1

0.05950
0.00140
0.06090

2.8
18

0.8
13.5
1.5
25.0

6.0
10.0

2.7

0.112:
0.0017
0.1140

2.7
12
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13
TABLE 8 - 25.10.0 production with and without surfactant
il B
wlithaut surfactant With surfactant
POHDER LEAVING THE CHIMNEY eeveeecenens sansassassss  kgfhr 10C 20
CIRCULATING FRDDUCT seSdiravnavsannanmuna AT ASARANES tUnS[hr 207 210
PROCUCT SCREEN ANALYS]S ‘ .
" b 41000 mm Abdssnaas AAEA s AR A ndevivindensnnda % . 15i40 15-40
- 41000 ¥ S!DGD MM s ygtssttrnnrsvawnusansnnnmanasn ama g 18-00 14-?0
- 39000 H Z;DDD L FRAE AR R R . i 26.80 33.90
- ZIDOD g 11000 (L R ddd T s iR AN TSR AR AA NS i 27-?0 30-70
- 1,000 ¢ 0,500 mm L .eennnananaas Fb e b bbrardna I 0, Cc0 9.20
- 0!500 = UIEUD MM swasasans seANRERudddvavddnnnanna L 1-80 OO?U
T Dlann 1 0,150 MM sssvasnvsanssna R —— f D.QB 0-15
= D!15D g 0I1DG mm dddrmsansaEnas RV Ak Ab AT f 0-12 0005
= ﬂr10D I UrGTS I ssusssassasaas sadaddddnduvianran " 0.10 U-DD
PRODUCT AVERAGE OIAMETER seseeeccecsnanes msasenEany mp Za00 2,50
PRODUCT PHYSICAL CHARACTERISTICS
4]

75,000-39 A paroslty  sivevenncnnenssanns S e o 41~ 0.105 5118
= 560,000 » 75,000 poroslty .ivieseseansascassans i 0.4 0,017
h TO{E] pDPDSity [(EE SRS EN TR Sariadvdbddunbninrvnnn " Ui123 0-135

External specific surfocs . uvecescescescssmsnss . cmZ/gr 1L.27 19,23
- laternal specific sUrface suvvesssessvessensassas a2/gr 0,6286 0,637

TOta] 5peﬂ1{‘c SUrfECE ----------- X N Y Y E Y TR Y] ! 005300 D-?OUU

- HardﬂESS sttuvbidiovrannaaa P Y T T T e kg 2.7 3.3
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TA/80/12 Use of chemical and physical data to improve the quality of granular
fertiliser production by A. Barbera, R. Monaldi, Montedison Spa,
Italy (Rapporteur F.G. Membrillera, S.A. Cros, Spain)

Q - Mr. B, AVENBERG, Supra, Sweden

You have an X-ray powder diffractometer that can carry out tests bet—
ween 0-60° C temp. How did you study the system of NO4NH,—CIK at
120° C?

A - There are two problems irwvolved:
1) How to analyze equilibrium composition at 120° C.

2) How to make investigations on equilibrium =olids.
The first one is not a particular problem because once the solution
at 120° C is taken away from the equipment, total ion content is
analyzed.

With reference to the second cne, once the solids have been
collected on a filter (temperature of filtration 120° C), there is
a step of drying with suitable solvents. Dried crystals are
handled in a climatic controlled roxm in order to avoid water
absorption, and in the same room X-ray diffractometry is performed,
Without water, no (or little) reactions occur,

Q = qu Co :HC’EK’ D.StMo' NEtherlan.dS

In table 2, you mention two particle sizes of potash. Have you ever
done work with very small size RCl, e.g. 98% 100 7 With such fine
potash we find with retention times 0.5 min. conversion of nearly
100%, Moreover if some potash does not react you will find no deterio-
ration of the finished product. ‘

A - We have never used such fine KCl crystals. It is obvious that dissolu-
tion rate can be related to crystal size, Thus for the 12-12-12 ferti-
liger dissolution rate must be very high.

Q- A practical figure of porosity seems to be 0.12 em3/em3, This means a
porosity of 25% of the wolume of the granules; this could be a great
disadvantage to the bulk density ard therefore to the cost of bags
and transport.

A - Porosity of 12-12-12 campound fertiliser is 0.093 and §.0798 in the
mentioned two operating corditions and not 0.12 cm3/cm3. Porogity in-
fluences little bulk density which is more dependent on granule size.

Q - Mr. L.K. PASSMUSSEN, Superfos, Dermark

When producing 12-12=17s according to feed D, what will be your limi-
tations on:

1) Chloride content in the KpS04 and the final product.

2] Construction material for reasctor 17

A - We usually employ K9S0, from Sicily which has a low Cl- content (less
than 1%).
We use 585 ATSI 316. RCl dissolution reactors are in Hastelloy-C,
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Q - Ml:'. Ri LDSTE, S-A. CI'DS, Smin

In page 16, you mention "the presence of surfactants has a positive
influence on granulation”. Please could you explain:

How much the granulation efficiency can ke increased with surfactants
and give socme information about type of surfactant emploved and
cuantity to be added to the granulator.

We must distimguish between products with an excessive granulation be—
haviour, and products with a bad granulation behaviour.

In the first case, the use of surfactants allow t© reduce the recycle
ratio while in the secord case surfactants can be dargerous. The
amount of surfactant added during granulation depends on the type of
product. Usually the final product contains 150 ppm of surfactant.

Q - Mr. O.H. LIE, Norsk Hydro, Norway

When measuring the external specific surface area you pass anhydrous
air across a hed of fertiliser marticles. Since these particles have
a finite water vapour pressure, you will obtain a certain amount of
drying of the particles during the test. Bow does this affect the re—
sults? The correct way it seems to me should be to use air with a wa-
ter vapour pressure equivalent to the Critical Relative Humidity of
the fertilisaer.

From our experience the result is not particularly affected by the
drying of particles.

On the other hand what you suggest can well be done, bhut only after
having measured the Critical Relative Humidity.

Mr. L. THIRAN, Societé Carbochimique, Belgium

Do you think that during sample manipulation for X-ray determination
reactions can occur?

In order to avoid reactions during manipulation of preducts to be stu-
died by powder X-ray diffractametry both slurries and fertiliser
granules are first washed with alcohol-ether (water is thus taken off)
and then dried under vacuum.

In addition manipulation is carried cut wnder controlled air humidity.
In the absence of water no further massive reaction takes place in the
solids (except phase transitions of course).

Do you prepare thin sections?

I talked about thin section preparation during the lecture and
suitable slides have been shown.

In this case too, manipulation of products is carried out under
controlled air lwmidity.
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Q- How do you perform caking tendency measurements?
Do you use fresh product or a conditioned one for the test?

A - During the lecture slides have been shown describing a fast method for
caking tendency measurements.

For routine purposes caking tendency is measured on 24 hr. average
samples. For research purposes instantaneous samples can be taken into
consideration.

Samples are not conditioned before measurements which are performed
under air pressure at two different temperatures (25° C and 45° C for
3 days). Results are of good value,

Q - Mr. A. CLAFRBOUT, Société Carbochimique, Belgium
Can you say anything about crystal growth measurements?

A - Nucleation and growth rates can be well studied using a "continuous
mixed suspension mixed product removal™ crystallizer.

The kinetics of crystallization of calcium sulphate and ammonium ni-
trate have been studied by us, using a continucus laboratory crystal-
lizer. . .

The crystallizer has to operate long enough to achieve steady rate. An
analysis on the size distribution of crystals is made: screen analysis
and/or microscopic analysis along well defined crystallographic direc-
tions.

A size distribution in terms of population density can be cbtained {(po—
pulation density = n = 1lim Nvwhere N= L 0O = number of crystals
in the range L). L

If McCabe's U law applies (growth race independent of crystal size)
population density is given by n = n® exp (- L/rT).

Where n° is the population density of nuclei, L is a characteristic di-
mension of the crystal, r is the linear growth rate and T the holding
time.

A semilog plot of data will give a straight line with the slope related
by holding time to the growth rate, r. The intercept is the population
density n°.

Effects of temperature, agitation, impurities can be studied.

References can ke given on request.
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Q - Mr. J.L. TORAL, 5.A. Cros, Spain

L)
1

The cuestion refers to the study made in an industrial granulation plant
of ammonium nitrate to increase the porosity of the granules.

You use anionic surfactants (organic matter) to modify the porosity du-
ring granulation, Which amount maximum?

What granulation temperature have you?
What grade of A.N. do you produce?

Anionic surfactants are used during the granulation of 26% NH4NO3 with
a maximum amount of 100 ppm.
The granulation temperature is about 150° C.

Do you think the equation shown in your paper establishing a relation
between diffusivity and porosity can be applied to any grade of A.N.
with the same granule size?

The derived relationship D = 3.60 Eetween diffusivigg D and porosity
p was studied and found true for 4N03 6% Mi4NO3 34% and ammondom

sulphate — nitrate 26%.

Generally speaking there is always a relationship like that. Actually
there is an interaction between diffusivity and granule structure which
has mot yet been well studied.

Thus the derived constants must be verified for other products.

Mr. A. HORNSHOJ-MOELLER, Superfos, Dermark

Has any work been done on NPK fertilisers containing for example 2%
MgO? If yes, where do you aid the magnesium, in form of kieserite W
produce a fertiliser with only little tendency t caking?

Yes, we produced the 12-12-17 containing 2% MgO as kieserite. The salt
is added to the reaction tank (reactor 1 of figure 4 reported in the
paper), Ko90; is added in stoichicmetric ratio to Ca0 in the reactor
and the reat in the dissolver before gramulator.

Two amoniation steps were used in order to control viscosity:

1) NH3 / POgH3 ratio = 0.7 - 0.8

2) NH3 /7 PD4H3 ratio

1.3

A free flowing product was obtained.



