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Results of investigations of the effect of the size of wetting liquid droplets and particle size
distribution of a fine-grained raw material on the mechanical strength of granules formed during wet
drum granulation were discussed. The process of granulation was carried out batch-wise in a drum
granulator 0.5 m in diameter and 0.4 m long at rotational speed 0.33s and constant volumetric drum
filling degree ¢ = 0.1. On the bed tumbling in the drum the wetting liquid (distilled water) was
supplied at a constant flow rate Q,, = 12010 m¥h. The size of wetting droplets was changed using
various air flow rates through pneumatic spray nozzles in the range Q.=1.0 to 3.0 m*h and applying a
sprinkler which supplied /drop-wise/ the liquid uniformly aong the entire drum length. In the whole
experimental cycle constant mean saturation degree of the feed equal to S = 0.293 was used. The
effect of wetting droplet size and particle size distribution of the raw material on the breaking force
and corresponding breaking stress was discussed.
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INTRODUCTION

In wet granulation the main role is played by phenomena which take place at the
liquid-solid-gas interface that depend on the properties of media involved in the
process and also on process conditions. For these reasons the choice of wetting
conditions for a fine-grained bed of specified physical properties constitutes one of
main problems of every granulation process.

One of the often applied agglomeration methods is pressure-free granulation
carried out in rotary drums. During the tumbling of a wetted fine-grained bed, solid
particles interact with liquid droplets and air. The size and type of forces acting on
single material particles and their agglomerates strictly depend on the properties of
particular media, their relationships and in particular on the particle size distribution of
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the raw material, the shape of particles and extent of spraying of the wetting liquid.
The effect of the quantity and properties of wetting liquid on the mechanisms of
agglomerate growth and their properties was studied by many researchers (Kapur and
Fuerstenau 1969, Sastry and Fuerstenau 1973, Gluba et al. 1990, Iveson and Litster
1998). These studies carried out for various solid-wetting liquid systems, confirmed a
significant impact of the amount and properties of the liquid on growth kinetics of
agglomerates and their physico-mechanical properties. There are a few references in
the literature to the influence of the wetting liquid droplet size on granulation effects.

Mechanical strength of agglomerates is one of the main features determining their
further applicability or processing. There are many methods of defining and measuring
the strength. Depending on needs, impact, wear, compression, bend and tensile tests
are used (Btasinski and Gluba 1981, Schubert 1975, Kristensen et al. 1985, Gluba and
Antkowiak 1988) In all these cases strength is determined by means of testing
machines, so the theory and transfer of results of these measurements to other stresses
are more or less hampered. Strength tests are, however, a significant source of
information on the quality and structure of granulated product.

Production of a granular material with defined properties (mechanical strength)
from a fine-grained raw material requires an appropriate method of granulation and
selection of proper process parameters. One of little known problems is the
determination of the effect of wetting liquid droplet size and physical properties of the
material being granulated, and particle size distribution in particular, on the strength of
granules being formed. This paper tries to explain the above mentioned relations.

AIM OF THE STUDY

The aim of the study was to determine the effect of the size of wetting liquid
droplets and particle size distribution of afine-grained raw material on the mechanical
strength of granules formed during wet drum granul ation.

EXPERIMENTAL
MATERIALS

Fine-grained dolomite flour was used in the experiments. Raw materials for testing
were composed of five size fractions of the dolomite flour with particle size ranging to
10 pm, to 15 pm, to 60 pm, to 100 pm and to 250 um. Particle size distribution of
each fraction was determined using a laser particle size analyser “Analysette 22”. The
particle size distribution was described by the statistical moments: mean particle size
dy, Variance of dimensions <%, asymmetry coefficient y; and concentration coefficient
Y2. On the basis of data obtained from the laser analyser particle size distributions of
raw materials to be granul ated were calculated numerically (by mixing input fractions)
assuming that they were geometrically similar. In the calculations the following were
assumed constant: variation coefficient: s/d, = 1.07 and asymmetry coefficient y; =
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2.00 for different values of mean particle size dn, ranging from 10.6 to 28 pm. Grain-
size compositions of mixtures obtained (denoted by symbols D1 to D5), which are raw
meaterials for the granulation process, are shown in Fig. 1. Such a selection of particle
size distributions enables an evaluation of the impact of mean particle diameter on the
granulation process and the mechanical strength of granules.

1 .

0.8

0.6

0.4

0.2

0.01 0.1 1 10 100 1000
d[pum]

Fig. 1. Comparison of particle size distributions of raw materials
EXPERIMENTAL RIG AND METHODS

The process of granulation was carried out batch-wise in a drum granulator 0.5 m
in diameter and 0.4 m long at rotational speed 0.33s” and constant volumetric drum
filling degree ¢ = 0.1. The feed volume was determined each time on the basis of
mean bulk density of particular raw materials. On the bed tumbling in the drum the
wetting liquid (distilled water) was supplied at a constant flow rate Q,, = 1210 m*/h.
The size of wetting droplets was changed using various air flow rates through
pneumatic spray nozzles in the range Q,=1.0 to 3.0 m*h and applying a sprinkler
which supplied (drop-wise) the liquid uniformly along the entire drum length.

The size distribution of wetting liquid droplets supplied by a pneumatic nozzle was
determined by a DANTEC laser analyser. The droplet size distribution was analysed
at a distance of 100 mm from the nozzle outlet along the radius of dispersed liquid
stream every 2.5 mm from the nozzle axis. A comparison of averaged droplet size
distributions for the whole stream at specified nozzle operating parameters (q) is
shown in Fig. 2, while the relation of mean droplet size dyn in the stream and
distribution range /dam is illustrated in Fig. 3. From Fig. 3 it follows that with an
increase of the liquid atomisation g=Q,./Q. the mean droplet size in the stream
increases, while the coefficient of distribution variability $/dym decreases which means
that the stream becomes more homogeneous.
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During drop-wise wetting the bed was wetted with droplets of the same size
equal to about 3 mm. In the whole experimental cycle constant wetting was used
which was determined by the mean saturation degree of the feed equal to S = 0.293.

100 300 07
13
- E o 06%
E 80 o = ///‘
© & s 05
S 200 N
3 %] +04
£ * 4=0.0120 / :
B _
2 ] = g=0.0080 los
e 4 g=0.0060 100 .
2 * q=0.0048 +02
3 201 o g=0.0040
s = : : +o1
£ oim S/dgm :
0 -kl g T T 0 1 0.0
0 100 200 800 400 0.002 0.006 0.010 0.014
da [um] 9=Qu/Qal[ -]
Fig. 2. Size distributions of wetting liquid Fig. 3. Dependence of mean droplet size dy,, and

droplets coefficient gdg, on the liquid dispersion q

After completing the wetting, the process of granulation was continued until the
moment when the granulated material started to stick to the drum walls because water
had been pressed off. In determined time intervals, samples representative of the
whole feed were taken. On this basis properties of the product obtained were
specified. The first sample was taken immediately after wetting (granulation time
t =0) and the last one in the moment when water pressed out to the granule surface
made them stick to the inner surface of the drum.

In order to determine the compression resistance, a single dry granule from a size
fraction (of given dimensions) was placed between two parallel plates of the strength
testing machine, where it was loaded with an increasing compressive force until the
sample was damaged. Schematic diagram of the equipment used for compressive
strength testsis shown in Fig. 4.
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The compressive force was generated as a result of tension of the spring caused by
winding of the flexible connector onto the reel, which rotated at a given rotational
velocity. Constant rotational velocity of the drum was applied, which gave a constant
growth rate of the loading force AN=0.245 N/s.

RESULTS

The value of breaking force was calculated according to eg. (1) on the basis of
twisting moment on the reel shaft, recorded at the instant when the sample was
destroyed:

p=Ms (1)
D/2

The breaking force for granules from a given size fraction was assumed to be the
arithmetic mean from values obtained for 10 single samples. Breaking compressive
stresses were determined on the basis of mean value of breaking force and granule size
according to the formula:

o= )

Figure 5a shows an example of the dependence of breaking force and Fig. 5b the
effect of breaking stresses on the diameter of granules obtained from one material
(D3) for different granulation times at determined mean wetting liquid droplet size
(dgm=0.144mm).
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Fig. 5a, b. Dependence of breaking force (P) and breaking stresses (o) on granule size
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For al tested materials relations similar to those shown in Figs. 5a b were
obtained. In every case the growth of granulation time results in a stepwise increase
of granule strength. The dependence of breaking force on granule diameter is
approximated with high accuracy by the power function:

_ B
P= Amg 3
while breaking stresses are determined by afunction in the following form:
o=A, " @

In order to estimate the effect of wetting liquid droplet size on strength of the
produced dried granulated material, a comparison was made of curves P = f(dy) and
o = f(dy) obtained for a given raw material at the same granulation time. A character
of the relations obtained for the granulated product shortly after completion of the
wetting (t=1) isillustrated in Fig. 6a, b.
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Fig. 6a, b. Dependence of breaking force (P) and breaking stresses (o) on granule size

It is clear that the strength of product particles obtained in the initial period of
granulation depends significantly on the wetting liquid droplet size. The highest
strength have the granules formed when the wetting was carried out by a pneumatic
nozzle at the smallest possible breaking of the liquid stream (the largest droplets).
With an increase of the liquid distribution degree (a reduction of the droplet size) the
compressive strength of granules gradually decreases. The strength of granules formed
during the drop-wise wetting (droplets about 3 mm in diameter), in this initia
granulation period is smaller than the values obtained for wetting with a nozzle using
the largest droplets. It can be presumed that the size of droplets of the liquid supplied
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to the bed during the wetting affects the mechanisms of agglomerate formation, in
particular the forces which bind material particles. Larger liquid droplets supplied to
the fine-granular bed provide a possibility of occurrence of stronger liquid bridges
which causes that the particles are closer to each other. Such a relation found for a
determined, tested range of the wetting liquid droplet size cannot be probably
extended onto arbitrary droplet sizes. At droplet sizes much exceeding the feed
particle dimensions as used during the drop-wise wetting there are other mechanisms
of agglomerate formation and growth. A large droplet, when falling down onto the
fine-granular bed, spreads in the vicinity and forms a large nucleus, in which liquid
occupies significant part of the interparticle space. What determines the position of
particles in such a nucleus is the capillary negative pressure. The total number of
droplets supplied to the bed during the drop-wise wetting is many times smaller than
the number of liquid droplets during the wetting with a pneumatic nozzle and the
droplets are of the same size. After completing the wetting process a more
homogeneous product of larger granulesis obtained. During further granulation, in the
tumbling bed complex mechanisms are observed whose result is both the growth of
agglomerates and a systematic concentration of their structure. As a consequence,
water is pressed onto the agglomerate surface which causes an abrupt growth of the
agglomerates due to combining of granules that earlier were separate, and in a very
short time hamper significantly the further process because of an intensive sticking to
the drum walls. The rate of these phenomena depends greatly on the liquid droplet size
during wetting.

The strength of final product particles (corresponding to the surface overwetting)
for particular raw materials also depends on the size of wetting liquid droplets.
Examples of the relations o = f(dy) for the final product obtained from one of the raw
materials at different sizes of the wetting liquid droplets are shown in Fig. 7.

250000
& D2tk © ddm=0.236, t=8
o 200000 0 ddm=0212,t=20 |-
A 4 ddm=0194, t=43
M X ddm=0.154, =55
150000 AN . Addme0144, t=71 | |

\ @ drop-wise, t=4
*
100000 * ¢
) \\E\U\gi
50000 \‘“Ak‘

dy [ mm]

Fig. 7. Dependence of breaking stresses on granule size
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Despite a relatively short time of granulation, of the highest strength are the
agglomerates produced during wetting with the largest droplets supplied by the
pneumatic nozzles. The lowest compressive strength is characteristic for the
agglomerates obtained during the drop-wise wetting, for which the time necessary to
reach the state of surface overwetting is also the shortest. This means that in this case
the state of granule inner structure formed after the wetting changes dlightly during
further granulation. Hence, also an increase of strength as compared to the wetting
with sprayed liquid isinsignificant.

To evaluate the effect of particle size distribution of a raw material on product
particle strength, the curves P=1f(dy) and o =f(dy) were compared for granulated
material produced from different raw materials (with different average particle
diameters) at a steady size of the wetting liquid droplets and granulation time.
Example of diagrams of these relations are shown in Fig. 8. The effect of the particle
size distribution is most distinct in the initial period of granulation. In the tested range
of particle size distribution, the compressive strength of granules decreases with an
increase of the mean material particle size. With an increase of the granulation time
differences in the strength of granules made of particular raw materials become
smaller. The least distinct differences in the strength of granulated product obtained
from raw materials with different particle size distributions were obtained during the
drop-wise wetting. For the product obtained after several minutes of granulation these
differences are practically negligible.
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Fig. 8. Dependence of breaking force on granule size
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CONCLUSIONS

On the basis of the obtained results the following conclusions were drawn;

1. Compressive strength of granules obtained during wet drum granulation depends
strongly on the bed wetting parameters.

2. Thesize of droplets of the wetting liquid supplied to the bed during wetting has an
influence on the granulation process, and as a result on the product properties
including its mechanical strength.

3. Anincrease of the size of droplets supplied by pneumatic nozzles (in the tested
range) leads to a product of higher strength.

4. During wetting with large droplets (the drop-wise wetting) the agglomerates grow
very quickly, however, the obtained product is characterised by lower mechanical
strength.

5. At the same size of the wetting liquid droplets a more resistant granulated product
is obtained from the raw material with smaller mean particle diameters.

6. With an increase of the granulation time, there is a systematic increase of the
strength of the obtained product particles.
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NOMENCLATURE

-particle size of the raw material, um,
-winding reel diameter, m
- -granule diameter, mm
-mean particle size of the granulated product, mm
-droplet size, mm
-mean droplet size, mm
- -twisting moment during sample destruction, Nm
- -force causing granule breaking, N
Qu/Qa -liquid dispersion
-volume sum distribution
-granulation time after wetting, min,
- -breaking stress, Pa
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Gluba T., Wphw warunkéw nawilzania na wytrzymatosé granulek, Fizykochemiczne Problemy
Mineralurgii 36, (2002) 233-242 (w jgz. ang.)

W pracy przedstawiono analiz¢ wplywu stopnia rozbicia strumienia cieczy zwilzajacej (wielkoSci
kropel) oraz czasu prowadzenia procesu mokrej granulacji bgbnowej na wytrzymato$¢ mechaniczna
wytworzonych czastek granulatu oceniang w stanie wysuszonym, przy uzyciu testu na $ciskanie. Jako
material badawczy zastosowano maczkg dolomitowa o zmiennym skladzie ziarnowym. Skiad
granulometryczny surowca obliczano numerycznie przy zalozeniu stalo$ci dwodch parametrow:
wspotczynnika zmiennosci §/dy, = 1.07 oraz wspotczynnika asymetrii y; = 2.00, dla pigeiu warto$ci
$redniego wymiaru ziaren d,, w zakresie 10.6 do 28 pm. Proces granulacji prowadzono w sposdb
okresowy w granulatorze bgbnowym o $rednicy 0.5m i dlugosci 0.4m przy stalej predkosci obrotowej
0,33 1/s i stalym objgtosciowym wspotczynniku wypetnienia bgbna ¢ = 0.1. Na cyrkulujace w bebnie
zloze podawano ciecz zwilzajaca (wodg destylowana) za pomoca dwoch dysz pneumatycznych przy
staltym objgtoSciowym natezeniu przeptywu Q,y =12010° m¥h. Wielkoé¢ kropel cieczy zmieniano stosujac
zmienne natgzenia przeplywu powietrza przez dysze w zakresie Q,=1.0 do 3.0 m¥h, oraz stosujac
zraszacz kroplowy, ktory podawal réwnomiernie na catej dtugosci begbna ciecz w postaci kropel o
wielkosci ok. 3 mm. W catym cyklu badan stosowano staty wspotczynnik saturacji ztoza to S = 0.293. Po
zakonczeniu nawilzania proces granulacji prowadzono do chwili gdy przewilzone na powierzchni
granulki zaczgly przywiera¢ do $cianek granulatora uniemozliwiajac dalszy proces. Na podstawie probek
pobranych w okreslonych przedziatach czasowych okreslano wiasciwosci wytrzymatosciowe czastek
produktu.. Stwierdzono, ze wielkos¢ kropel cieczy zwilzajacej istotnie wplywa na przebieg procesu
granulacji, wielko$¢ czastek otrzymanego produktu i ich wlasciwosci wytrzymatoSciowe. Stwierdzono
rébwniez, ze na wytrzymato§¢ wytworzonych aglomeratow ma rowniez wplyw sklad ziarnowy
granulowanego surowca.



