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Abstract

The inefficient separation of cracked palm sheliom their nuts has contributed
the greatest bottleneck impeding the developmenthefpalm nut cracking industry in
Nigeria. The recovery of good quality kernels cdube achieved easily if the cracked
shells are fragmented to small particle sizes relatto kernel sizes. In this study, the
basic energy equations involved in size reductigmemtion were analyzed based on
mass of palm nut shells. This is because the skialé and shape are irregular. Hence,
it is difficult to measure precisely the crackededhdimensions. Therefore, particle size
evaluation was considered to be better viewed imtof mass. The mass of cracked
palm nut shells were classified into five groupshd minimum energy required to
fragment the cracked shells (SF) were obtained. Kenatical modeling using
statistical method was carried out. This showed ttllae energy required for mass —
size reduction is proportional to the square root the mass of the palm nut. The
constant in the equation depends on the density dimdkness of the material used in
cracking the palm nut.
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1.0Introduction

The oil palm trees grown in Nigeria are mostly loé Dura, Tenera and Pisifera varieties. Usually,fthits of the
oil palm could be processed into different produbt are of economic importance. One of the ingurproducts is the
nut made up of kernel and shell. The kernel hagtivet value and could be further processed to ialpalm kernel oil
and cake .The shell could be processed and useelaactivated carbon for water purification, cemaggregate in road
binders courses for asphalt, concrete etc. [1,8].obtain kernel for industrial use, the nuts must dsacked in
commercial quantities mechanically.

Generally, the unit operation applied for palm pubcessing has been mechanized to a reasonableedegr
efficiency. An exception to this pattern of techogital development relates to kernel and shell rsgtipg unit [3-11].
Basically, there are two methods of separatingntlitdure of kernels and cracked shells, namely: ared dry. Each
method of separation has effect on product quatiy quantity [10], [12-13].

Small scale farmers use mostly the dry method inmgl sieving and/or manual sorting. So far, theigiesand
development of shell and kernel separator by vari@search workers have yielded only limited improent in terms
of the purity of kernels, the efficiency and capadif separation achieved. A pre-requisite for ggegaration of kernels
from a mixture of cracked shell fragments is snpaltticle size of the shell fragments relative tonets following
cracking [9],[12]. The efficiency of separation Wilepend on critical physical properties of thesnlernel and shell
fragments. Nut cracking energy equipment or tegthave been used by various workers in an effodisoover the
perfect operating condition of a nut cracker.

In the test rig, nuts are cracked using potenti@rgy of an elevated weight falling on a stationary at a
predetermined distance. This is regarded as a mirhan which the potential energy ultimately coriged (translated)
into kinetic energy, the momentum of which is deygtd on impact. [8], [14-16]. Thus, it is possilidemodel the energy
requirement for an efficient palm nut shell pagisize reduction operation.

Corresponding authdgbunilo, P.O.E-mail:-, Tel.:+2348037136102

Journal of the Nigerian Association of Mathematic&thysics Volume3 (March, 2013) 459 — 466

459



A Technical Development of an Energy Modébr ... Ebunilo, Orua and Sadjereof NAMP

Theory

Palm nut when dried to a certain level of moistumeuld crack and release whole kernel if it is sghgd to
appropriate conditions. The extent of palm shethdss contributes to its brittleness. The degrdwitfeness enhances
shell particle fragmentatioWhen palm nut shells are mechanically stressedsttiess would be absorbed internally by
the shells as strain energy. The shell would fractvhen the strain energy exceeds a critical lewble yield point. The
fracture results in reduction of the shell size.eilthe shell size is reduced, new surfaces ar¢eckebhe energy applied
to create a new surface depends mainly on the aasdof the shell — its friability. The magnitudefafce and point of
application affect the extent of size reductioniaetd. To achieve efficient size reduction, thergneapplied to the
shells need to be greater than the maximum energgled to rupture the material by a small margipassible. As the
shell size is reduced, the mass of each shelisiziso reduced.

Generally, in size reduction, theoretical consitlens suggest that the differential enef@lE) required to produce
a small changgdx) in the size of a unit of a materiflx) can be expressed as a power function of the sizbeof
material (X).
dE - -
Thus,d—a X" =dE=-kx™" (1)
X

Where x and n are constant accordingly. Differeotkers like Kicks, Rittingers and Bond have uses th
equation as the basic energy equation for calcgatize reduction [17].

E= Kr[i - ij @)

X2 Xl
(Rittingers equation)
X
E=KIn( =) 3)
XZ
(Kicks equation)
-1 1
E=2Kb| — - —— 4
(le/z X11/2 j
(Bonds equation)
Where E is the energy required (KJ)

Nis the power factor

X, is the initial particle size (mm)
X, is the final particle size (mm)
K is Kick’s constant, n = 1

Kbis the Bonds constant, n%

Kr isRittinger's constant, n = 2

Analytical procedure:

In this study, it is considered that it is eas@assess energy for shell size reduction in tefisel mass than
size. This is because the shape, thickness anterftpalm shells vary.

Basically, the energ)(dE) required to produce a small chan@A)in the surface area of a unit of a shell
surface (A) could be expressed as a power functidthe surface area A of the shell when considegimggation (1)

dE
Hence—a A™ (5)
dA
dE=-kA™"dA (6)
Let shell surface area, thickness, mass density wwidme be denoted a&,tg, Mg, o5 andVy,
respectively.
M
Ag=—=
Pds

From equation (5)

()
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M -n
dE. =- S| dM (8)
® {pstj °

Since, the mass of a unit shell changes as newcsudrea is created for a unit shell size redusguiation (8)
can be written as:

dEg = _K{ L } [M s]_ndMs 9)
Pds
1 ] .
dE. = -K M.]"dM
[ dEs [pstj [[Mc]"dm (10)
L T Mg
o K{psts} 1-n o

-n
Let denote— K{ } = B = constant

pStS (12)
1-n
Es =B. Ms
1-n 13)
LogEs = LogB+ (1— nSLogMS - Log(l— n)

LogE; = (1- n)LogMj +[LogB- Log(1- n)] w4
The slope of the graphical plot oEOgEgagainst LOgMgcould be obtained statistically through the

expression:
RS EIRIN
N Z X" - (Z X)2 (15)

slope=(1-n)

Where, x=logMg
y=LogE,

Experimental procedure

Palm nut shells obtained from nut cracking weredu3de shells were classified into five (5) massges as
follows:

Ms< 0.79,0.7¢ Ms< 1.09,1.0¢c Ms< 1.89,1.8¢< Ms< 3.0g,Ms= 3.0g.

20 shells in each of the classified mass ranges wardomly picked. These shells were used in exsntal
studies to determine the minimum effective heigiojpdevel of hammer mass required to fragment & pigrcentage of
cracked shells in each classified mass range dfssidine (30mm, 50mm, 55mm, 60mm, 70mm, 100mm, 20
140mm, and 150mm) height drop levels and 0.575kgnher mass were used. The effectiveness of the hamaes per
height drop level was based on the cracked shk#s fragmented after experiencing hammer mass imgde
experiment was replicated three (3) times and aeevalues taken where applicable.

For each mass range, the percentage of shells (®b&Fkracked when subjected to impact load watguo
against various height drop levels. The best minineight drop level (H) of impact load per clagsifshell mass range
that produced the highest %SF was determined lmaséte peak of each graph plot.

The %SF is given as

(number ofcracked kells thatfragmente when sufected toimpact loal)
Total numler of shels used @0)
The average mass of each classified mass randeels ssed in this study were computed as
_ (total mas of eachof the20 shells usd)
)= 20
The energy required to fragment cracked shtéli_ss)in each of the classified mass range of shell were

computed based on (a) the best minimum height kénagd of impact load.
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Statistical calculations based on equations (1d)(&6) were analyzed to determine the  constantMoyel
equation was proposed and validated using varitatsstical approaches such as reduced chi-sc?ég%e mean bias

error (MBE) and root mean square error (RMSE). Gahefor good quality fit, the coefficient of detainationR?
should be higher tha)(cz, MBE and RMSE should be lower thag?X18, 19].

Results and Discussion
The minimum energy required to fragment the cracitesll (SF) were obtained from Figures 1 to 5.

100 ~

(965)
o o

cracIJged
o

Percentage of shells
N
o

o

o

HEQht dfSh Led of BmmePRhasgkdPhmf40 160 180
Figure 1: %SF against Height drop level of hammer rass for
Cracked Shell mass rangeM ¢ < 0.7¢
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Figure 2: % SF against Height drop level of hammemass
for cracked shell mass rangd.7g < M <1.0g

o
]

o
|

o
1

cgaclggd %/0 SISNS

Percentage of shell

o

I-Zlgight4 8rop§8vel%9 hammet Aass | mml)60 180

o

Figure 3: % SF against Height drop level of hammemass for
cracked shell mass rangel.0g < M 4 < 1.89
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Table 1 shows values of cracked shell mass ravgeage mass of cracked shells per cracked she# mage
and minimum height drop level of hammer that woattmmence fragmentation of cracked shells into smalize

particle sizes.

Table 1: Percentage of Cracked Shells That FragmeriRer Minimum Best Height Drop Level Of Hammer Mass

100

g6 3g)

oracked
o
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o
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o

= n ebacked
o
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Figure 4: %SF against Height drop level of hammer rass for

cracked shell mass rangel.8g <M <

3.0g

/m

100 120 140 160 180
Helght drop IeveI of hammer mass (mm)

Figure 5: %SF against Height drop level of hammer rass for
cracked shell mass rangeM ¢ > 3.0g

Per Mass Range Of Cracked Shell

Minimum best height drop level o 50 55 70 100 140
hammer (mn
Percentage of cracked shells that
fragment (%SF) 90 90 90 85 80
Average mass of cracked shells per 0.63 0.72 1.22 2.53 4.89
classified mass range (g) (0.05) (0.10) (0.21) (0.46) (1.20)
Mass rangM ) of cracked | \y < 07]07<M_ <10[10<M, <18/18<M, < 30| M, > 30
shells (@)

* Values in bracket are standard deviations

The corresponding energies were calculated. Seatistnalysis based on equations (14), (15) angwas
carried out. The values are presented in Table 2.
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A model was proposed based on equation (9) as:

dES=—K[ } M| "dMg (18)

L TH
- K{ } = B = Constant
Pds

This equation was further analyzed and could b#ewias shown in equation (13)
E, = 2BM 2.

This equation implies that the energy fequired for mass- size reduction of any partisleroportional to the
square root of the mass of the particle. The coh®8adepends mainly on the density and thickneshefmaterial for
which particle size is to be reduced. For palmatatl, the value of B is 11.5. Hence,

E, =115M (19)

The validity of this model was tested using statidtapproaches such as coefficient of determinaf’f and
correlation’ , reduced chi-squar)éé , mean bias error MBE; and mean square error RM8E.corresponding values of
these parameters are 0.99, 0.99, 8167, 4.0x10° and 8.9410° respectively. SinceR%is higher an&Z, MBE and

RMSE are lower, the data has a good quality fite Predicted values oEgand experimental values are presented in
Table 2 and represented in Figure 6.
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Figure 6: Predicted Values of Egagainst Experimental Values of Eg

It is observed that the experimental values andipted values fall within a line where the slopetlu# graph is
equal to one. This implies that the predicted valase approximately equal to experimental valuemdd the model
could be used with reasonable degree of accuracy.

Conclusion

The energyE g required for mass-size reduction of any particlprisportional to the square root of the mass of
the particle

E, =2BM 2
The value of constant 2B for cracked palm nut sisell1.5.Generally the value of 2B depends maimiythe
density and thickness of the material for whichipke size is to be reduced.
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