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Modeling of maize breakage in hammer mills of different scales
through a population balance approach

Ivana M. Cotabarren, Alejandro G. Chiaravalle, Jacquelina C. Lobos de Ponga, Juliana Pifia

PLAPIGUI

Department of Chemical Engineering, PLAPIQUI, Universidad Nacional del Sur, CONICET, Camino La Carrindanga Km. 7, 8000 Bahia Blanca, Argentina
icotabarren@plapiqui.edu.ar

The grinding of maize grains is an important process in the industry of poultry feed, being the most commonly used cereal in diet worldwide. Hammer
mills are usually used for this process because of their simplicity, easy operation and low maintenance cost. However, the grinding process in hammer
mills itself is complex and not completely understood. The resulting particle size distribution depends not only on material properties but also on
design and operation variables of the mill (screen opening, mill rotor speed and feed rate).

In this context, a simulator for a grinding process is presented. The simulator is based on a population balance model (PBM) that allows quantifying
changes in particle size distributions (PSDs) and the mass geometric mean diameter (D,,). This model was developed in gPROMS® Model Builder, using
experimental data collected from a pilot-scale mill for parameter fitting. The model was verified for an industrial mill. The gPROMS® in-built
parameter estimation tool was used for parameter fitting and statistical test analysis.

According to Cotabarren et al. [1], the discretized PBM
equation for a perfectly-mixed dynamic continuous

process where only breakage occurs is:

dN;
dt

- = Nini - Nouti - SiN; +Z ,>,vfsl' bi,f Nl
j>i

where N, and Npy,; are the particle of class i inlet
and outlet number flowrates [1/s], respectively.

Nuuti =

The breakage rate (S;) is expected to depend on
particle properties and on process parameters. The

N:

expression used in this work was:

No

The breakage function (b; ;) was calculated as:

Nomenclature

bi,f = Bi»j - Bi+1»j (4) dp;  Particlesize [m]
. . dpo Constant reference size [m]
For the cumulative breakage function (B; ;),
(1) . . " ds Screen opening [m]
the following equation was used:
d ds,o Maximum tested opening size [m]
d VdL'so N Mill rotor speed [1/s]
h i 1 No Reference value for mill rotor speed [1/s]
B ;= 1>]
v dpl- N;i Number of particles of size i [-]
(2) 1 i < ] ay, &z a3 Classification function fitting parameters [-]
12 Breakage function fitting parameter [-]
In this contribution, the classification function ) -
) v Average number of particles of size i generated
(Al) for the mill screen was expressed as: g by breakage of one particle of size j [-]
N, 1 Breakage rate probability function fitting
Ai = o WD ap; @3 (6) G ea parameters [-]
(3) 1+a; (Tsl) T Particle residence time in the mill chamber [s]
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Experimental and simulated steady-state
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Dy, values for the model validation
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Milling tests
N i - .. Experi | and simulated steady-state Experimental and simulated steady-state
Mill Test ds [mm] Rotation speed [rpm] Feed rate [kg/h]  Estimation  Validation Dgwas a function of the d,modifying the Dgwas a function of the d;, modifying the
Pilot 1 3 4600 32.1 X rotation speed for the pilot-scale unit feed rate for the industrial unit
Pilot 2 3 4600 528 X 1000 800
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Parameter estimation results 900 * e
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1. It was possible to use the gPROMS® tools to successfully fit a 3.  The breakage rate and screen selection functions were found to be
hammer mill model to predict new operating points, study highly related with the rotation speed.

st imilinZle s onmancelandicpt mizeli Sl peration: The screen opening size was found to have an additional effect on
the breakage distribution and rate functions.

5. The model was able to predict the dynamic operation of the mill.

2.  The model was successfully validated on pilot and industrial scales.

[1] I. Cotabarren, M. P. Ferndndez, A. Di Battista, J. Pifia, Modeling of maize breakage in hammer mills or
different scales through a population balance approach, Powder Technology 375 (2020) 433-444.
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Abstract

The grinding of maize grains is an important process in the industry of poultry feed, being
the most commonly used cereal in diet worldwide. Hammer mills are usually used for this
process because of their simplicity, easy operation and low maintenance cost. However,
the grinding process in hammer mills itself is complex and not completely understood.
Hammer mills are impact-type crushers that comprise a rotating shaft fitted with fixed or
pivoted hammers and mounted in a cylindrical chamber. The particles are fed into the
chamber by gravity and exit the cylinder when they are small enough to pass through a
screen located at the bottom. Comminution in hammer mills is influenced by design
variables as the rotor shaft configuration (i.e., vertical or horizontal shaft), the hammer
design and placement (i.e., distance between hammers and screen), the screen opening
size and type (i.e., round, square, mesh type), and by operating variables as material feed
rate and rotor speed. The resulting particle size distribution depends not only on material
properties but also on design and operation variables of the mill.

In this work, a simulator for a grinding process is presented. The simulator is based on a
population balance model (PBM) that allows quantifying changes in particle size
distributions (PSDs) and the mass geometric mean diameter (Dgw) as a function of mill
operation variables (screen opening, mill rotor speed and feed rate).

This model was developed completely in the gPROMS® Model Builder, using
experimental data collected from a pilot-scale mill to fit the parameters of the breakage
and classification functions, considering the effects of rotor speed and screen opening
size. The gPROMS® in-built parameter estimation tool was used for parameter fitting
and statistical test analysis. The model was validated with both pilot- and industrial-
scales steady-state data, which also included variations in feed rates. The developed
model was used to predict the dynamic behavior of the product mass geometric mean
diameter and mill hold-up as a function of disturbances in the feed rate and the rotor
speed. These results are highly valuable since they indicate the feasibility of using the
fitted model to predict with confidence new operating points, study industrial milling
performance and optimize hammer mill operation reducing the need to carry out
expensive and time-consuming experimental tests.



