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Abstract- Physical properties and impact breakage functions
for a « Shaba » variety hybrid of maize kernel was estimated.
About the investigation of impact breakage functions, a new
modified manual version of a JK Tech drop-weight test device
was used. The purpose of this research is to investigate the
effect of specific comminution energy (Ecs) on impact
breakage distributions. The main results in this study can be
summarized as follows: for physical properties of maize
kernels : length (L), width (1), and thickness (E) was 12.56,
9.67, and 4.83 mm respectively, the geometric mean diameter
(Dg) 8.32 mm, arithmetic diameter (Da) 9.03 mm, equivalent
diameter (Dp) 8.72 mm, the percentage of sphericity (Sp) is
66.76 % and the mass of 1000 maize grains is 359.43 gr. For
impact breakage distributions, relationship between specific
comminution energy and grindability index (tw) was
establised. Ecs - tip model given in the literature was
successfully fitted to the single impact breakage test results, the
value of constant was respectively A and b. And in the end of
this research, t-family curve approach was established to
estimate single particle breakage functions of the « Shaba »
variety hybrid maize kernel.
Keywords : « Shaba» variety, comminution,
girndability index, drop-weight test.
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|. INTRODUCTION

Maize is the most commonly used cereal in animal feed in
worldwide [1], particularly in African country. This is one of
the reasons why production has doubled in the last few years. It
is, after wheat and rice, the most important cereal grain in the
world, providing nutrients for humans and animals and serving
as a basic raw material for the production of flour, grits, animal
feed, alcoholic beverages, breakfast cereal and other food
ingredients, such as corn-meal and food sweeteners proceeding
by the dry milling process [2]. It is generally preferred over
other cereal grains because it has a more uniform nutritive
value and provides a better structure to the feed, which might
favor feed intake in poultry [3].

The major steps involved in the processing of maize are
harvesting, drying, dehusking, shelling, storing, and milling.
The most important processing step is the comminution
process and the most commonly post harvest equipment is
comminution equipment. Communition or grinding is a unit
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operation widely used in the food industry and designed to
reduce the size of materials to give a usable form or to separate
their components. This process is generally carrying out by
locally fabricated equipment in Cameroon and it is energetic
consuming. The performance optimization (energetic
consuming and particle size distribution of ground particle) of
grinding machine need first to understand the comportement of
physical and breakage characteristics of grinding feed. It is,
therefore, necessary to determine the properties of grinding
feed in order to provide the much needed data for the designing
of grinding machine. Modelization of comminution equipment
[4] require the determination of breakage distribution function.
This can be determined by using different methods such as
single particle breakage test [5] and one-size fraction batch
grinding test, back-calculation [6].

The breakage rate of maize kernels is an important index to
measure the performance of post — harvest equipement of
maize [7]. Therefore, it is of great research significance to
improve the detection accuracy of maize kernels breakage,
which is an important way to improve post — harvest
performance. Specific breakage function and grindability index
of materials is frequently assumed to be independent of process
conditions ([8] [9] [10]), initial particle size, and input energy
level [11], which all seemed to be made to ease the research of
comminution modelling. In another way, many other
researchers proved the opposite case ([12] [13] [14]). Previous
and past studies show that moisture, components (starch,
protein, and oil) and physical and mechanical properties are
potential variables that can be used to predict breakage rate and
then give guidance for harvest time ([15] [16] [17]).
Twin-pendulum and drop-weight devices were used to develop
standard procedures for the calculation of breakage functions
([51 [91; [26]). In a drop-weight ([19] [20]) the material to be
broken rests on a rigid anvil and is impacted by a drop down
object (a falling mass) so that the material is compressed
between the anvil and the falling mass. Many researchers
found that particles of a given size generally have a range of
strengths, so that the forces generated by an impact of energy
can break some particles and leave others unbroken [11] [21].
Specific breakage function can be estimated by using the
relationship between specific comminution energy (kWh/t) and
tio grindability index (%) and t-curve approach which were
described by Narayanan [5] [9]. Over two decades, numerous
drop weight tests have been conducted to characterise the
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impact cereal kernel hardness. These data have been used to fit
the parameters A and b, and the product Axb has been used as
an indicator of cereal kernel hardness. It is popular nowadays
for many post — harvesting grinding processing engineers and
researchers to use the A and b parameters in the tyo versus Esc
curve, in their comminution circuit design, simulation,
optimisation and operation.

The breakage susceptibility of maize grain is moisture
dependent as reported by Paulsen [22]. Thus, it has been
recommended that the moisture content of the sample around
12 to 13% should be consistent and reported together with the
percentage breakage when grain is tested. Narayanan says that
t-curve approach is using to normalize the effect of particle
size distribution []. Different breakage energy levels were
proposed for the estimation of breakage distribution function in
the literature.

However, due to the diverse climatic types and regional
differences in agricultural development and equipement
design, the diffusion of this technology is limited [22].

In this study, the aim is to measure the physical properties of
the « Shaba » variety hybrid maize kernel which affect on
grinding breakage charcteristics, and to evaluate breakage
distributions of different size fractions of maize kernels by
drop-weight technique at differents specific impact energy
levels ; in another way, to normalize the size effect by using
the t-curve approach in estimating the breakage functions. Ecs-
tio model [5] was obtained following the breakage test results.
the overall relationship between specific comminution energy
and grindability index (tio) was used to estimate breakage
functions for hybrib variety maize kernels at different specific
comminution energy levels. And in the end reakage function
reconstructions models (tio - th models) were proposed for
« Shaba » variety hybrid maize kernel comminution modelling.

2. MATERIAL AND METHODS

2.1 « Shaba » variety of hybrid maize kernel

One variety of maize hybrid « Shaba » (figure 1) was selected
based on constant availability and regularly use by millers in
Adamaoua region. these were obtained in the Ngaoundere city

Figdrﬁ 1: « Shaba » hybrid variety of maize kernel

2.2 Physical characteristics of maize kernel

The physical characteristics of the maize (hybrids variety
Shaba) kernels were obtained at mean moisture content 13,5 %
w.b. A moisture meter (Smartsensor AR991) was used for
controlling the maize kernels moisture content. Some physical
properties of corn kernels that are related to the grinding
process were measured with vernier calliper (measuring range
0 - 150 mm with an accuracy of + 0.02 mm). Kernel length (L
in mm), width (W in mm) and thickness (T in mm) were
measured with three replicates on randomly selected 100 maize
kernel. The masse of 1000 maize kernels taken at random, was
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weighed by an electronic digital balance ranged from 0 to 5 kg
max with accuracy of 0.01 g.

W—

Figure 2 : Measured dimensions of maize kernel
The geometric mean diameter Dg, equivalent diameter Dp and
arithmetic diameter Da, in mm were calculated by using the
geometric mean and arithmetic mean of the three axial
dimensions, therefore using these equations [24] :

D, = (LWT)'/3 (1)
w+)2)'/3
D 2)
(L+W+T
D, = (LAW+T) ©)

3
The sphericity (Sp) of kernel, defined as the ratio of the surface
area of the sphere having the same volume as that of grain to
the surface area of grain, was calculated by using the following
equation, developed by Moshenin [24] :
(LWT)1/3
Sp =777

! (4)

2.3 Drop-Weight Test Device

Drop-weight test device which was used in this study was
previously described by Geng et al., [6] [25]. It mainly
comprises of a steel anvil, falling mass in plate shape using as
drop weight head, an electromagnet through which an
electromagnetic field is formed so that weight can be held or
released from the desired heights. A picture of the drop weight
device is given in Figure 3.
.
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Figure 3 Modified Drop-weight test device

Impact energy level supplied by the falling mass was
calculated by equation (5) and the specific comminution
energy level was calculated by equation (6) [4].

E; = 3600000 m gh, ©)

where,

Ei : Impact breakage energy (kWh)
mq : Mass of drop weight head (kg)
g : gravity acceleration (m.s)
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ho : Differentiel height of the falling mass above the anvil (m)
E;
E = (6)

my
where,

Ecs : Specific comminution energy (kWh/t)
m, : Mean particle mass (t)

2.4 Experiments

Differents Tests were conducted on five size fractions of
maize kernels (<6 mm, 6 —8 mm, 8 — 10 mm, 10 — 12 mm and
> 12 mm) at different specific comminution energy levels
(kWh/t). Number of particles in each test size fraction was
equal to 30 and the mean mass of the maize kernels were
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determined before grinding by weighing on laboratory balance.
Appropriate height and drop weights were calculated to
determine the specific comminution energy levels used for
breakage. Impact energy supplied by the falling mass is
calculated from the given equation (6).

Single particle breakage tests were conducted on each sample
at the required energy levels. All broken fragments of maize
kernels were collected from each breakage test, and dry sieved
with four sieves (2 mm, 1.6 mm, 1 mm and 0.5 mm) during a
period of 1 minute in a J-tronic shaker. Test feed fractions size,
specific comminution energy levels (Ecs) in kwWh/t and number
of particles to break are collected in Table 1.

Table 1 Drop-weight test specifications

Test size fraction > 12 mm 10 - 12 mm 8-10 mm 6-8mm <6mm
(mm)

Number of particles 50
ho (M) 01]025| 04|01 |025]04]|01[025|04]01[025]|04]01]025]|04

2.5 Ecs-tyo Size Model

The value of grindability index tio was used as the fineness or
breakage index number. Many authors were defined tio like the
amount of material passing 1/10" of the geometric mean of the
broken size fraction. The value of grindability index ti
indicates the fineness of the broken grain size fraction for
different specific energy consumption levels. Ecs-t;o model is
given in Equation (7).

t10 = A[l —exp (_bEcs] (7)

In this breakage model ;

A, b : is material impact parameters. A (%) and b [t.(kWh)?]
are the grain impact breakage parameters, which can be fitted
to grain breakage testing data.

Ecs : specific comminution energy (kWh.t?)

When the relationship between tio and specific comminution
energy level is determined, specific energy consumption
required to break the grain into the desired particle size
distribution can be predicted using t-curves. The product of
material impact parameter Axb can be used to characterize the
hardness of the maize kernels, so it is an indicator of material

resistance to breakage. If the value of Axb is low that mean
that more energy is needed for an equivalent amount of
breakage, that indicating a matrial have high resistance to
breakage [4]. The relationship between tio and t, is expressed
values where n = 2, 4, 25, 50 75.

I1l. RESULTS AND DISCUSSION

3.1. Maize grain physical characteristics

Table 2 belows shows the physical characteristics of maize
hybrid « Shaba ». The average dimensions of 100 maize
kernels at a mean moisture content of 13,5 % w.b. were :
length 12.56 mm, width 9.67 mm, and thickness 4.83 mm. The
geometric mean diameter of corn grains increased from 7.2 to
7.78 mm and arithmetic diameter from 7.79 to 8.43 mm. In
addition we obtained an average mass of 353.49 gr par 1000
« shaba » maize grains. From the value of L, W and T, we
calculated the diametrs and the sphericity of corn grains using
equation 1, 2, 3 and 4 is 66.76%. the mean values Dg , Da and
Dp of 100 maize kernels is respectively equal to 8.32, 9.03 and
8.72.

Tableau 2 : Physical characteristics of maize hybrid « Shaba »

L W T Dg Da Dp Sp  Mass of 1000
(mm) (mm) (mm) (mm) (mm) (mm) (%) grains (g)
Min 948 706 342 699 721 7,05 5394 355,75
Max 154 1150 9,60 11,06 11,13 11,09 84,40 363,9
Mean 1256 9,67 483 832 903 872 66,76 359, 43
Standard deviation 1,237 0,942 1,041 0,649 0,628 0,630 7,02 2,55

Results differ a little from those from litterature [16] [29]. The
measured values for length, width and thickness of the 100
maize kernels tested of the « shaba » variety a within a normal
distribution. This result was confirmed by the pierson chi —
square test at the confident interval of 0,95. The 1000 grain
mass values of the samples analysed oscillate between 355.75
and 363,9 gr. These values are closed to hybrid varieties
cultivated in the sahelien zone [27].

3.2 Impact Particle Size Distributions

This publication is licensed under Creative Commons Attribution CC BY.
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Particle size distributions of the maize flour i.e the broken
maize kernels particles are given in Figure 5 to 9 for different
specific communition energy levels.

Particle size distributions of the broken maize kernels in the
breakage event of feed size fraction > 12 mm indicated that
finer particle size distribution could be obtained as the level of
specific communition energy was increased.
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Feed size > 12 mm
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Figure 5 Size distributions of particles from the breakage of feed size
> 12 mm at different specific communition energy levels
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Figure 6 Size distributions of particles from the breakage of feed size
[10 ; 12[ mm at at different specific communition energy levels
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Figure 7 Size distributions of particles from the breakage of feed size
[8 ; 10[ mm at different specific communition energy levels

It was observed that, breakage maize kernel size distributions
did not change significantly although the specific communition
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energy level was increased which could be observed from the
size distributions of product particles from the breakage of feed
size [6; 8[ at specific communition energy levels of 0,078
kWh/t and 0,193 kWh/t (Figure 8).

Feed size [6, 8]

100 -
280
c
o
3
i
=60
£ /
L /
=40 A / —e— Ecs = 0,078 kWhit
= 00 Ecs = 0,193 kWhit
E —y— Ecs = 0,309 kWhit
o
20 |
0 T T T T T
0,0 0,5 1,0 1,5 2,0
Particle size (mm)

Figure 8 Size distributions of particles from the breakage of feed size
[6 ; 8] at different specific communition energy levels

We observed that it became difficult to break maize kernels by
impact as the grain size decreased. For example, closely
similar breakage product size distributions were observed in
the breakage event of particles within the feed size < 6 mm,
although the specific communition energy level was grown
(Figure 9) which indicated that no more considerable size
reduction would happen.
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Figure 9 Size distributions of particles from the breakage of feed size
< 6 mm at different specific communition energy levels

3.2. Ecs-tip Size Model

When the relationship between tio and specific comminution
energy level is established, specific energy consumption
required to achieve the desired particle size distribution can be
predicted using t-curves. Ecs - tip model is given in equation
(8). The product of model parameters A and b is the slope of
the relation at ‘zero’ input energy.
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tyo = 59,65[1 — exp (9,026 X E,;)] R?=0,85 (8)

A and b values were determined by nonlinear regression
using SigmaPlot statistical program. R? of the overall model fit
was 0.85.

G0 4 L ]
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® Feedsize> 12 mm
< Feed size [10-12]
w Feed size [B-10]
& Feed size [6 - 8]

m Feedsize<B6mm
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Specific commimution energy Ecs (kVWhi)
Figure 10 Overall relationship between specific
comminution energy and tigy for the hybrid maize kernel
sample

Overall relationship between specific comminution energy
and to parameter is given in Figure 10. It is obvious that larger
particles produce a higher tio when subjected to the same
specific energy. Experimental values were plotted as compared
to model calculated values (model fit). Sufficiently good
agreement between the experimental and model fitted values
were observed which showed the validation of the Ecs-tio
model for the hybrid maize kernel.

Non-linear regression analysis was performed on the test
results of each test size fraction to establish the Ecs - tio
relationship by particle size.

Model validation results for different size fractions are
tabulated in Table 3. This Table shows that the Axb values
generally increase with particle size, which confirms the
particle size effect on breakage. But the value of feed size [8;
12[ isn’t in the same logic, this can be explained by some
incoclusie tests during the experiments. However, the fitted b
values for the individual size fractions varies irregularly. This
gives rise to difficulties in estimating the model parameters for
the untreated size fractions from the calibrated size-specific
model parameters in simulations.

Table 3 Estimated model parameters for different particle size

fractions
Feed size A b R? Axb
>12 mm 64,69 18,29 0,99 1183,18
[10; 12 73,52 8,28 0,99 608,75
[8; 12 59,61 7,27 0,94 433,62
[6;8] 51,65 9,16 0,93 473,11
<6 mm 52,09 7,21 0,98 375,05

A linear relationship was found to exist between particle size
and Axb parameter which provided comparison between the
hardness of different particle sizes (Figure 12). Findings also
indicated that, Ecs-t1o relationships of « Shaba » hybrid maize
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kernels particles vary by particle size for a constant level of
specific comminution energy which may be linked to the
probable differences in microstructure, mineralogical and
chemical composition of different particle sizes.
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Figure 12 Relationship between particle size and Axb

Axb parameter can be used to characterize the hardness of
the maize kernels. Lower value of Axb indicates that more
energy is needed for an equivalent amount of breakage [4].

3.3. t-family Curves and Models

t-family curve approach [5] was used to determine breakage
functions of the gold ore. tio — tn relationships are given in
Figure 13 for breakage function reconstruction. Description of
the t-curve approach which normalizes the effect of particle
size was given in the literature [5] [8].
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20 A
pad
s
0
20 30 40 50 60 70
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Figure 13 tio-tn family relationships for the hybrid maize
kernel

Distribution parameter, tio was used which represents the
amount of material at fine size ranges thus provides more
information on the fragmentation at fine sizes. According to
this approach, particle size distribution data obtained after the
breakage of test samples was plotted and the size distribution
parameters ty, ta, tio, t25, tso, and tzs correspondingly expressing
the cumulative per cent passing size of y/2, y/4, y/10, y/25,
y/50, y/75 were determined where y is the geometric mean of
the feed size fraction for the test particles [6] [27]. tio versus
other distribution parameters are plotted to obtain t-family
curves through which the product size distribution resulting
from the breakage of the considered size fraction at any
specific comminution energy level can be established. tio—
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tn family curves for the gold ore are given in Figure 9.
Regression equations of the t-curves are tabulated in Table 4.

Table 4 Normalized breakage function re-construction models

Equation R?

t, = 84,89+ 0,143 t;, 0,94
*t, = 69,195 + 0,338 t;, 0,94
tys = —1,957 4 0,233 t;, 0,91
teo = —0,827 4+ 0,111 ¢, 0,91
t;e = —0,694 + 0,0765 t, 0,90

Three values corresponding to the circled points in figure 13
were exclued to ts — tio regression to obtain an acceptable R2.

Single particle impact breakage functions of the « shaba»
variety of maize kernels were estimated for different specific
energy levels using the regression equations in Table 4 and
given in Figure 15. It was observed that that describe well the
particle size distribution of « shaba » variety ground maize. It
was also observed that, maize kernels started to exibit similar
breakage functions at impact energy levels higher than 1 kWh/t
which indicated that no more considerable size reduction could
be achieved at energy levels higher than 1 kWh/t by impact
mechanism.

]

100 4

tion (%)
z

g

e,

Ecs = 0078 KWh1 Exp
O Ecs = 0,183 KWhil Exp
Ecs = 0,308 KWh Exp

— EC5 = 0TS KWHT Sim
weaneeas ECS = 0,193 KW Sim
Ecs = 0,308 KW Sm

C umulative mass fra
]

0.0 0.5 1.0 1.5 20
Particle size (mm)

Figure 15 Typical impact breakage functions for different

specific comminution energy levels for feed size > 12 mm,

experimental and simulation

IV. CONCLUSION

Using a new Drop — weigt equipement, the breakage of maize
kernel was studied, and relationship between specific
comminution energy and ty breakage distribution parameter
for the «shaba» variety of maize kernels was found. That
relationship was successfully fitted to the Ecs-tio model given
in the literature [4]. Impact breakage of maize kernels particles
were found to be size and energy dependent. A linear
relationship was found to exist between particle size and Axb
impact breakage parameter. t-curves for « shaba » variety of
maize kernels were modelled and proposed to reconstruct
breakage functions which can be used in modelling of maize
comminution. Variation in normalized breakage distribution
functions were determined for different energy levels. Impact
breakage distribution function was found to not change
considerably at energy levels higher than 1 kWh/t. Breakage
function reconstruction models obtain by empirical method
were proposed to be used in comminution modelling and
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simulations of size reduction machines operating on the basis
of the impact mechanism in the processing of the related maize
kernels.
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