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Abstract: One of the operations in particulate processing which has an ancient history and a widespread
use is granulation. Granulated compost fertilizer was granulated using the drum granulation method under
different level of drum filling. Filling of the drum ranged from 5 to 10% (v/v). The effect of filling of the
drum on some physical properties granulated compost fertilizer including: useful granules, granules size,
crush strength, mass of the granules, bulk density, angle of friction and angle of repose are investigated in
the present study. Result indicated that with the increasing of drum filling the percentage of useful
granules, crush strength, bulk density, angle of friction and angle of repose increase from 64.97% to
78.82%, 34.32 N to 36.69 N, 745.585 kg/m® to 762.729 kg/m®, 25.56° to 27.93° and 11.38° to 12.52°,
respectively. Also the average size of granules decreases from 10.28 mm to 9.45 mm.

Keywords: drum granulation, granulation time, filling of the drum, granulation of fertilizer

Introduction

Municipal solid waste (MSW) is produced in great quantity in Iran, that is about 16
teragrams (Tg) per year, and its management has become a challenge, both
economically and environmentally. More than 50% of the MSW generated by the Iran
population is organic waste that can be converted into compost (Mavaddati et al.,
2010). Composting MSW is considered as a method of transferring organic waste
materials from landfills to a product, which is suitable for agricultural purposes at
relatively lowcost (Eriksen et al., 1999). Composting of MSW has the potential to
become a beneficial recycling tool for waste management in Iran. A variety of
densification systems are considered for producing a uniform format feedstock
including (i) pellet mill, (ii) cuber, (iii) screw extruder, (iv) briquette press, (v) roller
press, (vi) tablet press, and (vii) agglomerator (Wolkowski, 2003).
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Granulation is the generic term used for particle agglomeration processes, in which
fine powdery solids are agglomerated together with a liquid/melt binder to form larger
aggregates (Ramachandran et al., 2008). The granulation of fertilizers was one of the
most significant advances in fertilizer technology, affording considerable advantages
to both manufacturer and user. Biomass is very difficult to handle, transport, store and
utilize in its original form (Sokhansanj et al., 2005). The agglomeration of fertilizer
granules in storage, known as caking or bag set, is a significant quality assurance
problem for the fertilizer industry. The agglomeration of fertilizer granules can take
place over weeks or months in storage (Ghasemi et al., 2013).

Compression in granule form is one method to get easy storage, transportation,
dispose of agricultural wastes and to decrease the costs is to reduce the volume of the
manure. The compressed manure can be used as the fertilizer in agricultural farms.
This also eliminates the need for manure plants and reduces the cost of manure (Adapa
et al., 2003). While substantial research on granulation processes and physical and
mechanical properties of granules in chemistry and pharmacy sciences has been made,
a limited number of published literatures are available about physical and mechanical
properties of fertilizer granule. The mechanisms for granule growth (granulation)
including nucleation, growth, random coalescence, pseudo-layering and crushing and
layering were studied by Sastry and Fuerstenau (1973).

The analysis of static and dynamic equilibrium of the granulated bed, and also
results obtained by Heim et al. (20044, b) prove that inertia and friction forces in the
tumbling feed depend significantly on such equipment and process parameters as bed
moisture content, drum diameter, its filling degree and rotational velocity of the
granulator. Coalescence is the most probable mechanism for low temperature fertilizer
granulation using a feed with a broad particle size distribution (Litster and Liu, 1989).
The efficiency of wet granulation process using drum granulator depends on many
factors including binder content, rotational speed, surface roughness, size of drum, raw
material (feed particle size distribution) and drum filling degree (Chansataporn and
Nopharatana, 2009).

Filling degree is also one of the most important factors which influence the
production capacity of the granulation process using a drum granulator. Santomaso et
al. (2003) studied the effect of drum filling degree on wet granulation process of glass
bead. The drum was filled at three levels of 10%, 15% and 25% (v/v). The result
revealed that the curvature of bed surface and the transition of granular flow depended
on filling level. It has been suggested that different drum loads of calcite caused the
different flow patterns. Even though much of this research work showed that binder
content and filling degree affected the granulation process and granule qualities, the
effects of binder content and filling degree have not been investigated in cassava pearl
granulation. This research aimed to study the effect of binder content and drum filling
degree on cassava pearl granulation (Ramachandran et al., 2008).

The effect of filling factor on changes in the bulk density as a function of moisture
content of the granulated bed was negligible. The change of the drum filling factor k
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had no effect on the differentiation of bulk density of the granulated product of the
same moisture content (Heim et al., 2005).

The effect of the granulation parameters on physical properties of the granules is
one of the most important factors in optimal granulation conditions. Therefore the
objective of the present work is investigating the effect of drum filling on some
physical properties granulated compost fertilizer including: useful granules, granules
size, crush strength, mass of the granules, bulk density, angle of friction and angle of
repose.

Experimental

Production of granules

The compost used in the production of the granules was multicomponent fertilizer
powder supplied by Moshaver Haseb Company, Tehran. The compost was produced
from organic matter or biodegradable waste, such as urban waste, animal manure and
crop residues using turned windrow composting method. Turned windrow composting
is the production of compost in windrows using mechanical aeration that represents a
low technology and medium labor approach and produces uniform compost. A
chemical analysis of the compost was conducted by chemical analytical laboratory
(University of Tehran). The amount of N, P and K in compost was 2.21%, 0.1% and
1.02%, respectively. Also the pH of compost was 8.59. Initial MC of compost was
determined using the oven method at 103 °C for 24 h (ASAE, 2002). The initial MC
of compost was 12+1% (Wy). There is an optimal range of particle size to obtain
granules with acceptable quality. The results of pre-test indicate that sample with
particle size larger than 1.5 mm have not ability to produce granule with acceptable
quality because compost samples were ground using a hammer mill with 0.9 mm
hammer mill screen sizes. The mean flour particle size d, = 0.38 mm was determined
on the basis its size distribution.

The granules were produced in a no internal flights drum granulation. Production
of the granules for each batch was repeated three times. A schematic diagram of the
experimental set up is shown in Fig. 1. Drum (3) was driven by electromotor (5) by
means of a belt transmission and a clutch (6). The granular bed placed in the drum was
wetted drop-wise by means of sprinkler (4), which was introduced axially to the
device that ensured a uniform liquid supply. The sprayer was mounted on stand (8),
which was independent of the granulator. The wetting liquid (sugar beet molasses)
was supplied from reservoir (1), placed at the height of 300 cm from the drum axis and
its constant flow rate (Q = 10° m%/sec) was fixed by means of rotameter (2). During
the trial, a constant liquid level was kept in the tank, which guaranteed a constant
pressure of supplied liquid. The granular bed was wetted until the material got over-
moist which caused that the bed stuck to the inner wall of the granulator (Obraniak
and Gluba, 2012).
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Fig. 1. A schematic diagram of experimental set up (Ghasemi, 2013)

In the present work the following parameters were used: drum diameter D = 200
mm; drum length L = 380 mm, rotational speed 50 rev/min. The solution to solid
phase ratio, defined as the ratio of volume of liquid phase to that of solid phase in the
granule and is given by the equation 1, cited by Walker et al., (2000):

M(1-5)ps
= ——— 1
(1-MS)py,’ 1)

where y is solution to solid phase ratio, M is the moisture content, S is the fertilizer
solubility, ps is the solid fertilizer density and p, is the liquid fertilizer density.

For each granulation system, the fertilizer liquid and solid densities must remain
constant. The range change of drum angular velocity is selected in such a way to
provide cascading — the typical feed movement for drum tumbling granulators
(Obraniak and Gluba, 2012). Filling of the drum (k) with granular material (5%, 6%,
7.5%, 9% and 10% Vv/v).

After granulation processes, wet granules were left in the atmosphere to dry. After
being dried in the atmosphere, the granules were collected for measuring of physical
properties

Physical properties of granules

Physical properties of produced granules and effect of the granulation parameters on
physical properties of the granule is one of the most important factors in optimal
granulation conditions. Effect of the drum filling on some physical properties of
produced granules including: useful granules, granules size, granules fracture
resistance, granules mass, bulk density, coefficient of friction and angle of repose of
granules were studied in the present work.

Useful granules

For the purpose of the present work granules in the size range 5 to 10 mm were
required. It was therefore necessary to optimize the process to ensure that the larger
fraction of the granules from each batch would be within this size range. Any granules
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that are larger than 10 mm are regarded as oversize and these would need to be
crushed in a continuous granulation circuit. Any granules passing through 5 mm were
classified as fines and these could be recycled by reintroducing them into the
granulation process. The efficiency of the process » (Equation 2), is defined as the
percentage of the product which meets the size requirement (Mangwandi et al., 2012):

MTarget
= (——=—)-100, 2

n ( Mrotal ) ( )
where Mrarge 1S mass of useful granules and My, is mass of the batch granules. The
mass of the useful granules batch using sieving was measured. Determination of the
percentage of the useful granules was repeated three times.

Granules size

The size distribution of the produced granules for each batch was determined using
sieving. The stack of sieves with the granules was placed on an orbital sample shaker.
Retsch sieves were used in the size analysis and the aperture sizes are as follows; 850,
1000, 1180, 1700, 2360, 3350, 4750, 12700 and 19050 um. The duration of sieving
was adjusted according to size of the sample. The sieving times for the 500 g batches
were 22 min respectively at a speed of 180 rpm. The masses of granules retained on
the sieves to determine the size distribution of the granules were used. Determination
of the average of the granule size was repeated three times.

Crush strength of granules

Crush strength (CS) of granules is determined by diametrical compression test. A
pneumatic press used to measuring the CS of granules (Ghasemi et al., 2013). A
granule was placed between two horizontal plates and was compressed radially. A data
logger was used for registering of force (F). Force was registered with a data logger at
a sampling rate of 1000 readings/min. An increasing load is applied at a constant rate,
until the test specimen fails by cracking or braking.

To investigate crush strength, for each filling of the drum, 20 granules in the shape
close to spherical were taken from the bulk sample, and next each granule was placed
separately between parallel compressing plates (mobile and immobile). The test lasted
until the moment when the granule was destroyed between the compressing plates
(Walker et al., 1997).

Bulk density

One of significant parameters that describe the properties of granular materials is bulk
density. For the determination of bulk density, the bulk material (granules) was put
into topless cylindrical container with known weight, height (0.15 m) and volume (0.5
dm?®) from a height of 0.15 m at a constant rate (Dash et al., 2008). Bulk density (o)
was calculated from the mass of bulk granules divided by volume containing the mass.
Measurement of the bulk density was repeated ten times.
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Mass of the granules

In order to determine the effect of the drum speed on mass of the single granule, 100
granules were selected from the bulk samples, quite randomly. Then mass of the
granules was measured. From bulk sample 300 granules were selected quite randomly;
then granules were divided into three bins so that in each bin 100 seeds were placed.
Bin weight was measured and multiplied by 10 to give mass of 1000 granules. The
mass of the single granule and 1000 granules mass were measured using a digital
balance with an accuracy of 0.01 g.

Mass of granules distribution was modeled using log-normal probability density
functions. The probability density functions (f(x)) and cumulative frequency functions
(F(x)) for log-normal distribution are showed in Equation 3 and 4:

76 = () o (-3 (*52)), ®

FO) = (F52E) | 00 = (52) fy e /2. ()

According to Equations 3 and 4, for the log-normal distribution, u is scale
parameter, o is shape parameter and y is location parameter. Whenever y is equal to
zero log-normal distribution is called two parameters distribution, otherwise it is
called three parameters distribution. Whenever y is equal to zero and x equals one the
log-normal distribution is called standard log-normal distribution (Mirzabe et al.,
2012). In this study, log-normal distribution with two parameters was used.

Angle of friction

The coefficient of external static friction, using iron sheet, was determined. A topless
and bottomless metallic box with known dimensions (length 100 mm, width 100 mm
and height 50 mm) put on the surface. The box was filled with granules. The surface
was gradually raised by the screw. Both horizontal and vertical height values were
measured using a rule and digital caliper when the seeds started sliding over the
surface and, the coefficient of static frication was calculated using the following
equation (Burubai et al., 2007):

/"lS = tan(AF)! (5)
where s is coefficient of static friction and Ar is angle of static friction. Measurement
of the angle of friction was repeated ten times.

Angle of repose

Static angle of repose of granules was measured by the use of pouring method
(Fraczek et al., 2007). The angle of repose was determined using a topless and
bottomless metallic cylinder of 250 mm height and 150 mm diameter. The cylinder
was placed at the iron surface and was filled with bulk material. The cylinder was
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raised very slowly. The height and diameter of the cone was measured using digital
caliper and the static angle of repose was calculated using the following equation cited
by Ghasemi et al. (2013):

Ap = arctan (g), (6)

where Ar is angle of repose, his height of the cone, r is radius of the cone.
Measurement of the angle of repose was repeated ten times.

Results and discussion

The effect of filling of the drum (k) on some physical properties granulated compost
fertilizer including: useful granules, granules size, crush strength, mass of the
granules, bulk density, angle of friction and angle of repose was investigated in
present study.

Useful granules

The effect of filling of the drum on percentage of the produced useful granules (n) is
illustrated in Figure 2. According to Figure 2 with increasing drum filling from 5% to
10%, percentage of the produced useful granules was increased from 64.97% to
78.82%. For the purpose of present work granules in the size range 5 to 10 mm were
required. Therefore maximum percentage of the useful granules was produced when
the drum filling was equal to 10%.

80 -
78 -

]

s N B o

- -
O

Useful granule (%)
o o 51 ~N
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4 6 8 10

Drum filling (%)

Fig. 2. Effect of drum filling on useful granule
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Granules size

The effect of filling of the drum on average of produced granule size (Dsg) is
illustrated in Figure 3. According to Figure 3 with increasing drum filling from 5% to
10%, the average size of the produced granules decreased from 10.28 mm to 9.45 mm.
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Drum filling (%)

Fig. 3. Effect of drum filling on granules size

Crush strength
The effect of filling of the drum on crush strength of the produced granules (N) is
illustrated in Figure 4. According to Figure 4 with increasing drum filling from 5% to
10%, the crush strength of produced granules increased from 34.32 kg to 36.69 kg.

37,0 -
36,5 -
36,0 -

35,5 A

35,0 A

Crush strength (N)

N = -0.0089K2 + 0.1785k + 2.7684
34,5 1 R>=0.9871

34,0 T T T

4 6 8 10
Drum filling (%)

Fig. 4. Effect of drum filling on crush strength
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Bulk density

The effect of filling of the drum on bulk density of produced granules (py) is illustrated
in Figure 5. According to Figure 5 with increasing drum filling speed from 5% to 10%
the bulk density of the produced granules increased from 745.585 kg/m® to 762.729
kg/m®.
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Drum filling (%)

Fig. 5. Effect of drum filling on bulk density

Mass of the granules

The effect of filling of the drum on mass of the produced granules (M,) is illustrated in
Figure 6. According to the Figure 6 with the increasing of drum filling from 5% to
10%, mass of the produced granules decreased from 0.69 g to 0.49 g.
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Fig. 6. Effect of drum filling on mass of granule
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Mass of granules distribution was modelled using the log-normal probability
density functions. The value of the log location parameter, log scale parameter, mean
of log-normal distribution, variance of log-normal distribution and log-likelihood for
each drum filling were calculated (Table 1). The probability density functions of log
normal distributions for all rotational speed are showed in Figure 7.

Table 1. Parameters of log normal distributions for mass of granules

onmiling. o "2 T pametsr  disvibuion_cninaion 09 lkelinoo
-0.495 0.547 0.707 0.175 -15.8267
-0.565 0.531 0.654 0.141 -10.5858
75 0.742 0.687 0.603 0.219 -14.8902
9 -0.846 0.914 0.651 0.551 -23.6289
10 -0.997 0.889 0.547 0.362 -14.7129

Density (kg/m3)

o
=

o
N

Fig. 7. Probability density function of log normal distributions for all drum filling

Angle of friction

08
Mass of granule (gr)

The effect of filling of the drum on angle of friction of produced granules (Ag) is
illustrated in Figure 8. According to the Figure 8 with increasing drum filling from 5%
to 10%, angle of friction of the produced granules was increased from 25.56° to

27.93°.
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Fig. 8. Effect of drum filling on angle of friction

Angle of repose

The effect of filling of the drum on angle of repose of produced granules (Ag) is
illustrated in Fig. 9. It shows that with increasing drum filling from 5% to 10% the
angle of repose of the produced granules increased from 11.38° to 12.52°.
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11,4 1 y =-0,0202x2 + 0,5189x + 9,3181

R*=0,9918
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Drum filling, %

Fig. 9. Effect of drum filling on angle of repose

Conclusion

In the present study the effect of filling of the drum (k) on useful granules, granules
size, crush strength, mass of the granules, bulk density, angle of friction and angle of
repose of granulated compost fertilizer were investigated. The result indicated that,
when the filling of the drum with granular material increased from 5% to 10%. With
increasing drum filling: percentage of the produced useful granules increased, average
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size of the produced granules decreased, crush strength of produced granules
increased, bulk density of the produced granules increased, mass of the produced
granules decreased, angle of friction of the produced granules increased and angle of
repose of the produced granules increased.
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