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GRANULATION OF FERTILISERS IN A CONICAL DRUM.

by NILS LAGERHOLM, CIVILINGENJOR,

of AB Forenade Superfosfatfabriker, Sweden.

During the last few years mqu work has been done by the
Reymersholms Gamla Industri AB, Sweden, ) "on the problem= of
agglomerating pyrites cinders by pellet or ball sintering. This work
comprised two separate process stages, namely

1) Ball formation from the pyrites cinders and
2) subsequent sintering of the balls thus obtained.

. The experiments were performed at H8lsingborg, Sweden, and
eventually a pilot plant was developed in which spherical sintered
pellets with a diameter of roughly 20 mm were produced. The work
on this pilot plant was successful and resulted in the construction
of a full scale plant at Oskarshamn which is now producing 100 tons of
sinter per day. At this plant the pellets are formed by first
grinding the cinders together with a small amount of coke in a specially
constructed mill, where the amount of water required is simultaneously
added, and then rolling the material in a conical drum., The pellets

thus formed have acquired sufficient strength for them to be introduced
into an oil-fired shaft furnace where sintering takes place.

The highly satisfactory results obtained with the conical
drum gave rise to the thought that its agglomerating or granulating
properties might equally profitably be applied to fertilisers.
Therefore a series of experiments were carried out using a conical drum
for granulation of superphosphate and fertiliser mixtures containing
superphosphate. : '

The experiments have not hitherto been completed but it is
the object of this paper to describe the results obtained up till now.

The conical drum, design and working principle.

The design of the pilot plant drum is seen in fig 1. The
drum's largest diameter is 2 m and it has a top angle of 507, It is
supported on a rack which within limits can be tilted as desired by
means of a screw. The drum is rotated by means of a motor via a worm

x) A company allied to the AB FBrenade Superfosfatfabriker.
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gear at the small end of the drum, Furthermore, it is equipped
with a rotating scraper of angle iron.in the form of a conical cags
which, however)/jdls (merely inditated in fig. 1 (item 13). . The
angle of incl%h&tigh»gf‘png drum, axis-with-the' ground plane is
~about~ 100+ 157 Round ' the: ¢ircumference 'of the large end of the
‘drum is’ ah overflow rim for the granules produced. = =

S A drum of this type not only forms the granuled by rolling
~..and kneading the material but also separates the granulées- from

-other material not sufficiently agglomerated. The principle “of

this”se§arationhis.mainly“aS'folldws. ‘When the drum rotates the
material is lifted along the wall of the drum and at a certain
point falls more or less Vertically downwards, - Owing to the
incination of the drum axis the material is transported inwards
during this phase, . When the material has fallen to the lower
part of the drum it proceeds.to . roll.outwards towards the opening
owing to the inclirniation of the conical wall in this part of the
drum, After this the first.phase is repeated and so on,

During the first phase a smaller particle is lifted highe:
than a larger one and is thus moved farther into the drum and in
the second phase it rolls less far out of the drum than a larger
particle, The result of this action is that when material is
fed into the drum a stream of granules flows over the rim, whilst
the finer particles are retained farther inside the drum until thej
have been sufficiently agglomerated,” This separating principle
is illustrated in fig. 2 where two particles of different size
originally lying side by side are seéparated from each other, The
track of the larger particle is represented by the dotted line,

The drum was equipped with one belt conveyor for feeding
the powdered fertiliser and one for removing the granules. The
latter was placed under the overflow. Thus the vertical planes
through: the conveyors were at right angles with each other and the
plane through the feeding conveyor coincided with the one through
the axis of the drum. The powder was fed to the feeding
conveyor via a desintegrator by which lumps were removed. At the
same time the flow of material from the desintegrator was controll
by a shutter. The material leaving the drum was collected in
a wheelbarrow which was weighed and emptied from time to time,
the load on the drum thus being determined, water, when necessary,
was supplied by means of a pressure nozzle placed inside the drum.

Above all two types of fertilisers were studied, ordinary
20% superphosphate and a PK-mixture containing 147 P05 and 147
K20. The potassium of this mixture was added as chloride,
Besides these experiments a few were carried out with NPK 7-7-14
made from superphosphate, ammonium sulphate and potassium sulphate

Granulation of superphosphate,

Quite early in the investigations it was established that
a bed of freshly granulated material was necessary for a
satisfactory performance of the granulator. Unless such a bed .
is made up before granulation proper begins, the material simply
glides up and down along the wall of the drum without any
effective rolling motion being brought about in the mass. The
building up of such a bed of granules generally demands the
addition of a certain amount of water but after this the feed can.
- begin and granulation can be carried out without further addition
of water unless .the supérphosphate is too old and matured,

The influence of the following factors bﬂ'tﬁelgranuléﬁing
capacity of the drum were investigated: : '

) ;)
*
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1) Thé age and free acid content of the superphosphate.
2) The inclination of the drum.

3) The position of the feed in the drum.

4) The revolving speed of the drum.

1. The age and free acid content of the superphosphate.

As previously mertioned, it was possible to granulate
superphosphate without adcaition of water, unless the superphosphate
was too old (6 - 7 hours). This was thought to be due to the
decreasing content of frec acid in fresh superphosphate. For the
study of the rate of this decrease two curves were determined
showing the free acid content as a function of time, one referring
to superphosphate made from 60% Khouribga and 407 Louis Gentil and
the other to superphosphate made from 1/3 Khouribga, 1/3 Louis
Gentil and 1/3 Pebble., These curves are shown in fig. 3.  The
age of the superphosphate is counted from the time when it leaves
the den. The curves show that the free acid content decreases
very rapidly and that the rock phosphate containing Pebble gives a
superphosphate with a higher free acid content at such times as are
of interest. A trial was therefore made with superphosphate
produced from the latter rcck phosphate mixture (containing Pebble)
and which was about 20 min. old at the beginning of the trial. The
result of this trial was that the capacity was about 5 tons/hr. at
the start but during the trial it decreased so that after 50 min. it
amounted to 1,3 ton/hr. These facts are illustrated graphically in
fig. L. Another trial was therefore performed in roughly the same
way but after 50 min. fresh superphosphate was fed into the drum which
resulted in a sharp rise in capacity (fig. 5).

In order to avoid the undesirable effect of this ageing
of the superphosphate a trial was made in which fresh superphosphate
was supplies to the desinfegrator in small quantities during the
whole trial. In this way the age of the feed was kept between
10 and 20 minutes which resulted in a very constant capacity of
~about 3,9 ton/hr being obtained (Fig.¢).

A1l these trials, represented by figs 4, 5, 6, were made
with superphosphate mode from th.e FPebble containing rock phosphate
mixture mentioned previcusly. Enother trial was made with
superphosphate made from 60, Khcuribga and 4O Louis Gentil,  This
mixture gives, as has been stated, a superphosphate with a lower
free acid content and it was therefore to be expected that the
granulating capacity of the drum would be lower with this material,
This was also the casc, the capacity being only 1,25 tons/hr. Part
of this trial is illustrated in fig. 7.

By capacity is meant the ability of the drum to plasticize
and agglomerate the powdered feed into granules and afterwards
separate these granules from unegglomerated material, The size of
the granules should be about 7 mm. This definition of capacity
is of course rather vague but has proved useful in comparing
the trials. During operation, the load on the drum must within
quite narrow limits equal the capacity of the drum. Thus, it
is just as harmful if the feed is oo small as if it 1s too large.
If this is the case the graiules grow too large and wet owing to
excessive kneading, but on the other hand if the feed exceeds the
capacity the granules become smaller and finally unagglomerated
material is forced out of the drum.

The trials recorded in this section show that the age of
the superphosphate has a very important influence upon 1its tendency
to agglomerate. This is probably partly due to the diminishing
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content of free acid  which constitutes part of the liguid phase
present, but may also be exwnlained by the transformation of mono-
calciumyhosphate into the crystalline state. This, however, has no
been investigated. The granules on leaving the drum are slightly
moist and fairly soft but after an hour or two they have atfained
completely satisfactory strength and hardness, wnich increases still
more during the necxt twelve hours. Therefore, from this point of
view, drying might be avoided.

2) The inclination of the drum,

The effect of this factor was investigated before the
influence of the age of the feed was properly appreciated. The
material was two or three hours old and the cupacity of the drum
therefore low. However, it was shown that for instance an increase
of the inclination from 131 %o 17°% caused an incredse of capacity
from 0,5 tons/hr. to 0,9 tons/hr. This increase is to be expected
as an increase of inclination also leads to an increase of the volum
of the bed of rolling granules and thus also of the knecading effect.
Another conseqguence of an increzse of inclination is that the
separating capacity 1is alsc improved. The inclination cannot,
however, be increased indefinitely for beyond a certain limit the
material ceases to roll freely throughout the whole length of the dr
and the functioning of the drum is imnailred.

3) The position of the feed in the drum.

The trials showed that the feed should be placed between 0,5
and 1 m from the overflow of the drum. ITf the distance is less tha
0,5 m the drum will not have time to separate the powder from the
granules, and if it is larger than 1 m the powder will accumulate at
the bottom of the drum and {inally force the bed of zranules out of
the drum without agglomerating. "

4) The revolving speed of the drum.

The speed of the drum was in one instance increased from
15 r.p.m. to 22 r.p.m. winich caused an increase of capacity from
0,9 tons/hr. to 1,2 tons/hr. (two or thrce hours old superjhosphate)
Naturally the speed must not be increased beyond & 1limit where the
centrifugal force begins to disturb the rolling motion.

Control of granule sigze.,

During several of the trials with fresh supervhosphate 1t was
noticed that the granules had a tendency to increase excessively in
size towards the end of the trial. Thus, in a few cases, the
granules ended up as large as & - 3 mm. The problem how to master
this difficulty was studied in several trials where two factors were
varied, the inclination of the drum and the position of the feed.
These +trials showed that 2 smeller inclination produced smaller
granules but that, of course, the cepacity decreased.

If, however, the feed was moved farther into the drum the
granules also decreased in size but no decrease in capacity was
noticed. This is probzbly due to the formation of a larger number
of granule nuclei.

In fig. 8 the result of a trial is illustrated where these
observations were anplied. The granules were sbout 4 mm large and
the mean cepacity was 2,7 tons/hr. Fig. 8 also shows the influence
of the age of the feed. '

Granulation of matured superphosphate.

A few trials were also made with more or less matured
superphosphate (7 - 14 days old). As has been mentioned wnreviously
such material demands the addition of water and thesc trials showed
that 3,5 - 4% water was necessary, giving a capacity of about 3,5 to
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nder these circumstances it proved difficult to control the size of
he granules. Besides this,; there was difficulty with formation of

arge lumps and coking on the wsalls of the drum. The granules
btained were less strong and hard than those from previous trials,
robably owing to their higher content of moisture. They would no

oubt have to be dried in order to attain satisfactory strength.

renvlation of PK 14-14.

The trials with this material showed that the factors
mportant in granula ting superphosphate had the scme ef.ect in this
ase. PK 14-14, however, proved easier to plasticize and granulate
han superphosphatée and the capacity of the drum for this material
as about 5 tons/hr. without =ddition of water when the superphosphate

T the mixture was fresh. The granules Jroduced became hard alfter a
ew hours as in the case of supcrphosphate. A caking test was made

y first letting the new granules lie in a heap overnight and then
agging 20 bags of it which were afterwards piled on each other 10 bags
igh. After 2 months the bags were inspected and no sign of caking

r crushing of granules could be dctected.

Two or three trials were also made with PK coantaining somewhat
atured superphoschate ( 9 days old). Unlike matured pure super-—
hosphate it was possible to granulate this material without addition
waier, the drum having a c pacity of roughliy 1 ton/hr. An addition

f about 1§ of water increased this capacity to 2,1 tons/ar.

Fh

w

ranulation of NPK 7-7-14.

The ingredients of this mixture - 37% superphosphate, 28%
otassium sulphate and 35% ammonium sulprate - were mixed before being
ed to the drum. Addition of G - 7% oFf water proved necessary and
resulted in a capacity of about 2 tons/hr. The granules had to be
lried in order to attain sufficient strength.

The trials with the coniczl drum, of which only a few have
een cited above in order to avoid undue prolixity, have proved so
romising that a larger drum with an opening diameter of 4 m. has been
uilt. A number of trials have been made with this drum but have as
et not progressed far encugh to be included in this paper.

Summary

Granulation experiments with a pilot plant conical drum are
lescribed., The materials granulated were mainly 20 % superphosphate
nd PK 14 - 14, The drum forms granules and separates them from
nagglomerated material, Granulation was possible without any addition
f water if the material was sufficiently fresh. In this case the
apacity of the drum for superphosphate was about 3 tons/hr. and for
K about 5 tons/hr. The granules thus produced attain sufficient
lardness and strength without drying. The influence of several factors
lpon the operation of the drum is described.
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