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SOME PROPERTIES OF FERTILIZERS IN RELATION
TO PARTICLE MOTION IN THE HOPPER AND ON
THE DISTRIBUTOR DISC
Morsy, H. A.*; J. Paliwal***; A. Abouelmagd*; H. Hidia** and Z. Ismail*

ABSTRACT

The quality of fertilizer distribution pattern for the rotary distributer
depend on the physical and mechanical properties of fertilizers that used
by the rotary distributer. The effect of physical and mechanical
properties on the particle motion in the hopper and on the disc was
discussed. :
Five important properties were measured, namely particle shape,
particles size distribution, coefficient of dynamic friction, angle of
repose, and particle density. Methods to determine the physical and
mechanical properties, and tests results were discussed. "
The particle density was 1297 and 1 79Ikg/m3 Jfor Urea and Ammonium
Sulfate fertilizer. The largest repose angle of Urea was 38° and the
smallest angle was 34° while the largest repose angle of Ammonium
Sulfate fertilizer was 41 % and the smallest angle was 35°.
Keywords: Fertilizers properties, Urea and Ammonium Sulfate
fertilizers, Particle motion. =

INTRODUCTION

Solid chemical fertilizers are one of important sources for plant

nutrition, due to its low price compared to liquid chemical

fertilizers, they provide the plant with important nutrients
needed for growth during the periods of its life, and also it works to
improve the properties of soil (soil structure and the acidity degree)
(Troeh and Thompson, 1993).
Brinsifeld and Hummel (1975) stated that there are many types of
distribution machines of solid chemical fertilizers, but the most
famous one is the centrifugal distribution machine, and this was due to
its advantages, low cost, low power necessary, simplicity of mechanical
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design, ease of maintenance, its high performance, and its wide operation
width, but the disadvantage of this type of distribution machines is the
lack of distribution accuracy of fertilizers at the rate desired. Olieslagers
et al (1996) said that the low price, easy maintenance and large working
width could explain the success of centrifugal spreaders.

Csizmazia (2000) explained that the evenness of the spread pattern
depends to a large extent on the physical properties of the fertilizer.
Parish and Chaney (1986) mentioned that variables affecting the
distribution pattern include particle size, particle density, particles shape,
and coefficient of friction of the particle on the impeller, critical relative
humidity of the fertilizer, ambient relative humidity, impeller speed and
ground speed of the machine.

Consequently, enhancing the distribution patterns of the rotary distributor
was the target of many research projects.

This work was carried out to measure some of important physical and
mechanical properties of Urea and Ammonium Sulfate fertilizers,
affecting on the quality of fertilizer distribution pattern for the rotary
distributer machines.

MATERIALS AND METHODS

Physical and mechanical properties of the tested fertilizérs were
estimated according to the following procedures:
1. Particle shape
A random sample of 100 particles was taken from each fertilizer type.
The shape of each type was studied in terms of maximum diameter (d.)
and sphere diameter of the same volume as the object (d.). These
dimensions were determined using a caliper with an accuracy of
+0.01mm, as shown in Fig. (1). The measured data were used to calculate
the sphericity of each sample for fertilizer types, using the next formula
according to Curray (1951) as follows.

sphericity = %_

d, =™
. 3/”[,
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I)SW(n)
PS(n) = —-P—— x 100

™
Where:
Ps@ = The percentage of fertilizer particles on sieve number (n),
%.

Psw = The mass of fertilizer particles on sieve number (n), g.
Prw = The sample mass of fertilizer particles, g.

3. Coefficient of dynamic friction

The coefficient of dynamic friction was measured using the force gauge Fig.
(3) and a nylon wire, which connects the force gauge and the plate of
fertilizer particles. After fixing the flat friction disc Fig. (4) on the vertical
electrical motor, a plate of glued fertilizer particles Fig. (5) has to be set on
friction surface then, the electrical motor switched on, and the flat metal disc
, start to rotate. Due to the flat disc motion, the horizontally pulling force on
3 the plate is gradually increased start from value of zero and after that, it
| takes the direction of decreasing and it comes constant at the end. At this
moment, the force gauge reading was taken. Thus the coefficient of dynamic
friction is calculated using the following general equation:

Where: p = Coefficient of dynamic friction, dimensionless.
N = Horizontal pulling force on the fertilizer particles plate, N.
W= Weight of fertilizer particles plate, N.
It should be denoted that, the coefficient of dynamic friction for fertilizer
particles was determined versus painted iron material, and it was
measured under four different disk rotation speeds of 100, 200, 300, and

400 rpm. The disk rotation speed was measured by the tachometer as
shown in Fig. (6).,
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RESULTS AND DISCUSSION
The following results were taken under the air conditions of 25 C°, and
29% for temperature, and relative humidity, respectively.
1. Particle shape
The maximum diameter and mass of the particles were measured for
random sample of 100 particles of the two fertilizers types. The data for
each of maximum diameter, the mass, and the sphericity of fertilizer
particles were statistically analyzed to get each of the mean values,
maximum values, minimum values, standard deviation, and coefficient of
variation (Table 1). The average values of particles sphericity index were
87.58 and 77.22 for Urea and Ammonium Sulfate respectively.
Table (1): The statistical analysis of the fertilizers particles

Fertilizers types

- Urea Ammonium Sulfate
Max. | Min. | Av. | SD [CV,%| Max. { Min. { Av. | SD {CV,%

Max, dia, mm | 4.77 3.06 | 3.88 {0.32] 8.35 6.19 346 | 4.65 1 0.60 | 129

i‘lass, gram 0.037 | 0.014 { 0.027 [.005{ 189 | 0.074 | 0.026 ; 0.043 10.009] 21.1
Sphericity Index| 98.2 773 | 87.6 [4.39( 5.01 89.7 60.1 | 772 | 673 1 8.71

From table (1), it is cleared that, Urea particles are more spherical than
Ammonium Sulfate particles, consequently under the same conditions, if
Urea and Ammonium Sulfate particles have the same physical properties
except the particle shape property, the Urea particles will travel
horizontal distances in the air more adjacent than Ammonium Sulfate
particles, because the variance coefficient value of Urea particles is
smaller than the variance coefficient value of Ammonium Sulfate
particles.

In other words, under the same conditions, if Urea and Ammonium
Suilfate particles have the same volume, the Urea particles frontal area
will be more adjacent than Ammonium Sulfate particles frontal area, so
the drag forces on Urea particles surface will be more nearby than the
drag forces on Ammonium Sulfate particles surface. The drag force on
the fertilizers particles equation is as the following:

Fp =;—pV2c,,A

Where: Fp = Force of drag, N. .
? = Density of the air, Kg/m3.
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e

V = Velocity of the particle, m/s.

L A = Frontal area of the particle, m%.

i Cp = Drag coefficient, dimensionless.

2- The particles size distribution

On the other hand, particles size distribution was measured, and many
sieves were used, numbers of the sieves were 4 (4.75 mm), 8 (2.38 mm),
10 (2.00 mm), 12 (1.70 mm), and 20 (0.85 mm). The results of particles
size distribution for Urea on the sieves 4, 8, 10, 12, 20, under the sieve
number 20 were as follows: 0%, 62.4%, 28.9%, 5.9%, 2.2%, 0.6%,
respectively, while the results of particles size distribution for
Ammonium Sulfate fertilizer on the same sieves were 0.0%, 85.8%,
9.3%, 2.6%, 2.1%, 0.2%, respectively. '
The values of particles size distribution for the two fertilizers types (Urea
and Ammonium Sulfate) were shown in Fig (7). From this Figure, it can
be noticed that, the largest percentage of particles size was 62.4%, while
it was 85.8% on sieve no. 8 (2.38 mm) for both of Urea and Ammonium
Sulfate fertilizers, respectively. So, under the same conditions, if Urea
and Ammonium Sulfate particles have the same physical properties
except the particles size distribution property, most of Ammonium
Sulfate particles will travel horizontal distances in the air greater than the
traveled horizontal distances of urea particles in the air, because the
centrifugal force on the Ammonium Sulfate particles will be greater than
the centrifugal force on the Urea particles. The centrifugal force on the
fertilizers particles equation is as the following:

WLREA
BAMS

WETOR G FWEDEHOT R
obB8ss838388

ASNoA AS.NoB ASNo0  ASNo2 AS.Nb20 USNo.22
Slovas tb.

Fig. (7): The values of particles size distribution for fertilizers particles types (Urea and
Ammonium Sulfate). .
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F = mro?
Where: F = Centrifugal force, N.
m = Mass of the particle, Kg.
r = Radius of the disc, m.
7 = angular velocity of the disc, rad/s.
3. Coefficient of dynamic friction

The dynamic friction plays an important role in most fields of
agricultural mechanics, especially during the movement of agricultural
materials. The average values of dynamic friction coefficient (u) for the
tested fertilizers types (Urea and Ammonium Sulfate) on paint iron
surface, and using different speeds (0.8, 1.6, 2.4, and 3.2 m/sec) were
measured and plotted in Fig (8).

Generally, increasing the disc speed for both of two fertilizers particles
types decreases the dynamic friction coefficient. But, the dynamic
friction coefficient of Urea particles was greater than the dynamic
friction coefficient of Ammonium Sulfate particles at the same speed
levels.

Results of the dynamic friction coefficient for Urea particles at the speeds
of 0.8, 1.6, 2.4, and 3.2 m/s were 0.570, 0.532, 0.508, 0.496, respectively,
while the corresponding results of the dynamic friction coefficient for
Ammonium Sulfate particles at the same speeds were 0.510, 0.411,
0.359, 0.335, respectively.

0,65 1
B UREA

% 0,55 1
E
)
E 045 1
% ]
3 035

0,25 . -

0,8 1,6 24 3,2
Disc speed, mls_

Fig. (8): The average values of dynamic friction coefficient for both tested fertilizers particles
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Consequently, the Urea particles will remain on the disc surface for
longer time than Ammonium Sulfate particles. That result trend means,
the staying angle of Urea particles on the disc surface will be greater than
staying angle of Ammonium Sulfate particles.

For fertilizers types under the study, (Urea and Ammonium Sulfate) the
mathematical relationships between the dynamic friction coefficient and
the disc speed may be represented by the following equations:

p=055725%192  R2-0.998 For Urea fertilizer
p=0.4751 $O3 R%=0.998 For Ammonium Sulfate
fertilizer ‘ '

Where: p = The dynamic friction coefficient.
S = The disc speed, m/s.
4. Angle of repose

The average values of repose angle for the different fertilizer types were
determined. The data presented in table (2) indicate the values of repose
angle were 0.624 rad. (36 deg), and 0.652 rad. (37 deg) for fertilizer
types (Urea and Ammonium Sulfate), respectively. On the other hand,
the results illustrated in Fig (9) show that, the highest fréquencies of
particles repose angle were recorded at 0.624 Rad. (36 deg), and 0.663
Rad. (38 deg) for fertilizers types Urea and Ammonium Sulfate,
respectively. So, to have continues flow of fertilizer particles under this
study through the hopper orifice to the rotary disc, the inclined angle of
hopper walls should be more than 41°,

Table (2): Maximum, minimum, average, standard deviation and
coefficient of variance of repose angle

Fertilizers types
Urea Ammonium Sulfate
Max. | Min. | Av. SD | CV,% | Max. | Min. | Av. SD | CV,%
an‘;f:‘(';:g) 38 | 34 | 36 | 94 2'6 41 | 35 | 37 {156 -
;n‘;leel’;:ed_) 663 | 593 |62a | o16| | 76| .6n1 | 652027
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Fig (9): The frequency distribution curves for repose angle of fertilizers types
5. Particle density . ,
! Density of the fertilizer particle, play an important role in the particle
o movement through the air (from the disc edge until the impact surface).
The particle density was measured for two fertilizers types, and the
average values of particle density for the two fertilizers types were
determined. As presented in table (3). The recorded values of particle
dénsity were 1297, and 1791 kg/m® for fertilizer types (Urea and
Ammonium Sulfate), respectively.

From the previous table, it is cleared that, Urea particle density is smaller
than Ammonium Sulfate particle density, so if we supposed that Urea
and Ammonium Sulfate particles have the same physical properties
except the particle density property; the Urea particles will travel
horizontal distance in the air smaller than the travelled horizontal
distance of Ammonium Sulfate fertilizer particles, because the
centrifugal force on the Urea particles will be smaller than the centrifugal
force on the Ammonium Sulfate particles.

Table (3): The statistical analysis of the particle density for the tested
fertilizers types.

Fertilizers types

Urea Ammonium Sulfate

Max. | Min. | Av. | sD ‘E/‘.' Max. | Min. | Av. | sp | €

1340 1241 1297 | 21.7 | 1.7 1844 | 1739 1791 {277 15

Particle
density,
kg/m3
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CONCLUSION
The main results of this study could be summarized and listed as
follows:

1. The particle density was 1297 and l791kg/m3 for Urea and
Ammonium Sulfate fertilizer.

2. It’s advised to use the digital photography technique, to get the
highest possible accuracy results of the repose angle. The largest
repose angle of Urea was 38° and the smallest angle was 34°,
while the largest repose angle of Ammonium Sulfate fertilizer
was 41°, and the smallest angle was 35°,

3. The dynamic friction coefficients for Urea particles at test speeds of
0.8, 1.6, 2.4, and 3.2 m/sec were as follows: 0.570, 0.532, 0.508,
0.496, respectively, while the corresponding values of the dynamic
friction coefficients for Ammonium Sulfate particles using the same
speeds were as follows: 0.510, 0.411, 0.359, 0.335, respectively.
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