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ABSTRACT 

Determination of flow stream composition variations in palm nut cracking and kernel cleaning 

define process parameters to facilitate engineering innovation in the industry. Using sieve analysis 

of field samples and material balance processes, flow stream composition in small scale palm nut 

cracking and kernels cleaning are analyzed replacing a traditional 20 mm by 10 mm screen in-

clined cylindrical trommel with a conceptual 2-ply concentric truncated conical sieve. Size profiles 

were derived for palm nut, cracked mixture, sieve oversize and sieve undersize streams together 

with mass percentages of whole kernels, kernel pieces, whole nuts, shells and debris in each 

stream. Grading curves and respective coefficients of uniformity and curvature confirm undersize 

and cracked mixture streams are well graded while palm nuts and sieve oversize streams are uni-

form graded. With implications for porosity, bulk density and permeability of the aggregates the 

results will facilitate specification, design and engineering of storage, mechanical handling and 

additional equipment to separate kernels from the cracked mixture.   

FLOW STREAM COMPOSITION CHANGES IN SMALL-SCALE PALM 

NUT CRACKING AND KERNEL CLEANING IN GHANA 

INTRODUCTION 

Background 

Separating palm kernel from the shells is 

critical in recovering kernels for indus-

trial palm kernel oil production. Differ-

ences in physical properties, including 

size, shape and density of the kernel and 

shell provide a basis for engineering 

these separation operations (McCabe and 

Smith, 1976). Palm nut shells also have 

potential to replace gravel aggregates in 

light weight concrete for civil engineer-

ing construction and various types of 

grading curves are obtained depending on 

type and size distribution of shells 

(Adebayo (2012), Oyedepo et al. (2015); 

Abutaha et al. (2016)).  

Projected annual palm nut production in Ghana 

rose from 120,000 t in 2000 to 380,000 t in 2010 

yielding between 51,000 t to 110,000 t of kernels 

per annum in that period (Addo, 2000; 

MASDAR, 2011; Ohimain et al., 2013). Micro-

scale palm kernel oil (pko) producers process 

about 70% of the kernel with the remainder pro-

cessed by large or medium scale mills 

(MASDAR, 2011; Addo, 2000; Aggey, 1990; 

FAO, 1984). Mechanization of traditional palm 

oil processing in Ghana started from the mid-

seventies with the introduction of locally fabri-

cated motorized crackers (Donkor and Aggey, 

1987) and subsequently the inclined manual rota-

ry sieve or trommel replaced head-pan manual 

winnowing of palm nut cracked-mixture.  
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Aggey et al. (2007) assessed cracking rates and 

efficiencies of small scale motorized hammer 

mill (horizontal shaft) crackers fabricated by 

informal sector machine shops in Kade-Kusi-

Takorase enclave of the Eastern region of Gha-

na. Cracking rates range from 349.9 kg h-1 to 

1141.2 kg h-1 with lower rates attained for poor-

ly dried nuts and tenera fruit varieties with 

smaller nuts, being lower than 4000 kg h-1 to 

8000 kg h-1 reported for the Miller and Ripple 

crackers respectively, used in larger mills.  

Cracking efficiencies vary from 97.5% to 99.4% 

for these informal sector crackers comparing 

well with similar sized vertical shaft centrifugal 

(Miller type) crackers fabricated at the Federal 

University of Technology, Owerri, Nigeria 

which attains 880 kg h-1 and 65% cracking effi-

ciency (Ndukwu and Asoegwu, 2010). Aggey et 

al (2007) provide results of sieve analysis on 

whole nut input and cracked-mixture output but 

did not profile flow stream composition varia-

tions over the crackers.  

Dirt levels of 4% are acceptable in commercial 

trading of palm kernels internationally 

(Unilever, Undated) and levels of 5.4% - 5.6% 

were reported for palm oil mills in Cameroun 

(Head, 1988). Sieve overflow dirt content of 

54.7% compares poorly with 15% - 17 % report-

ed for large mills in preliminary winnowing, 

which reduced to 3.5% - 9% after hydro-

cycloning, with 4% kernel content in trash un-

derlings (Aggey and Amoah, 2003). Amoah et 

al. (2007) found that sieving rates of manual 

trommels in small-scale cleaning of palm-nut-

cracked-mixture averaged 936.1 kg hr1, with dirt 

content reduction of 26%. Further profiling and 

characterization of input-output materials over 

the trommel is necessary to facilitate down-

stream kernel separation equipment design. 

Using sieve analysis and material balance pro-

cesses, flow stream composition of feed stock 

and output from small scale mechanized palm 

nut cracking and kernel cleaning is analyzed to 

provide a basis for profiling and standardization 

of locally fabricated crackers and trommels and 

to facilitate downstream separation equipment 

innovation in small scale palm kernel oil pro-

cessing.    

 

Sieve Analysis and Flow Stream Compositions 

Sieve analysis determines the distribution of 

particles, by size, in particulate samples to ob-

tain gradation data used to determine compliance 

with design, production control requirements, 

and verification specifications. It is, also, used to 

calculate relationships between various aggre-

gate blends and to predict trends during produc-

tion. Used with other tests, sieve analysis is a 

quality control and quality acceptance tool 

(AASHTO, 2015). Aggregate samples are cate-

gorized as dense graded, gap-graded, uniformly 

graded, well graded or open graded depending 

on the character and shape of the grading curve 

obtained from its sieve analysis (CV301, 2014) 

The composition of a species A in a mixture of 

substances is defined by the mass fraction which 

provides analytical basis for material flow 

streams. In flow streams of solid (particulate) 

mixtures such as palm nuts and cracked-mixture, 

particle-size distribution is critical in evaluating 

screening operations. While particle size 

measures relative percentage by weight of grains 

of each of the different size fractions represented 

in the stream (Perry and Green, 1984), mass 

fraction is particle size distribution expressed in 

mass ratios. 

Screening is mechanical separation of mixtures 

of grains into two or more portions using a 

screening surface as a “go-no-go” guage with 

resulting portions more uniform in size than the 

original mixture. Over-size or plus flow stream 

is retained on the screen; material passing 

through the screen surface is undersize or minus 

material flow stream and material passing 

through one screen surface and retained on an-

other is intermediate flow stream. 

Palm nut major diameters average 30.5 mm, 

ranging from 25.3 to 36 mm (Ndukwu and Aso-

egwu, 2010) and cracked mixture pieces are 

smaller, down to dust particle sizes placing palm 

nuts and its cracked-mixture within the coarse (4 

mesh and larger) and fine (smaller than 4 mesh 
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and larger than 48 mesh) separation regimes 

suitable for vibrating horizontal screen separa-

tion applications (McCabe and Smith (1976); 

Perry and Green (1984). 

Screen analysis using testing sieves is the sim-

plest and most popular method of separating 

mixtures by size alone. A set of standard screens 

is arranged serially in a stack, with the smallest 

mesh at the bottom and the largest at the top, fed 

at the top with a sample and shaken mechanical-

ly for a specified time. The particles retained on 

each screen are weighed and the masses are con-

verted into mass fractions of the total sample. 

Samples passing the final screen are caught in a 

pan at the bottom of the stack. As the test mate-

rial is graded for use as aggregates the results are 

also used to determine compliance of particle 

size distribution with applicable specification 

requirements and to provide necessary data for 

control of the production of various aggregate 

products and mixtures. Data from standard test 

for sieve analysis is also useful in developing 

relationships concerning porosity and packing of 

materials (ASTM, 2014). 

This article explores the determination of size 

profiles of input and output of kernel separation 

processes and their application in flow stream 

composition variations in small scale palm nut 

processing in Ghana.  

 

MATERIALS AND METHODS 

Source of Palm nuts 

Palm nut samples were obtained from 8 small-

scale palm oil processing mills in Kade-Kusi-

Takorase area of the Eastern region of Ghana. 

These mills obtain mixed traditional dura and 

hybrid tenera oil palm fruits from local farms.  

 

Sampling and Test Procedure 

“At each sampling site, three samples of be-

tween 100 and 120 kg of nuts were weighed 

using a platform scale into separate heaps; each 

sample being drawn from the consignment of a 

different customer who has brought nuts to be 

cracked at a palm nut cracking service mill. At 

Kusi site A, pure dura and tenera fruit varieties 

were obtained, but the remaining samples were 

mixed variety nuts. Each lot was carefully mixed 

and several primary samples were drawn into a 

bulk sample of 2 to 3 kg. The lot was weighed 

again and cracked while the operation was ob-

served and timed. The resulting cracked-mixture 

from each lot was carefully mixed and bulk 

batch samples of up to 3 kg were drawn from 

each lot. Three samples each of nuts and cracked 

mixture were taken at each site for screen and 

composition analysis. A stack of twelve sieves 

ranging from mesh number 0.61 at the top with 

an aperture of 37.9 mm at the top to mesh 41.65 

(0.3 mm aperture) on the bottom pan was used in 

the sieve analysis (Table 1). Compared to the 

standard Tyler Screen Series, this stack approxi-

mated to mesh No. 28 (at the bottom) to No. 0.6 

(at the top).  

The stack was strapped to a Fritsch Gmb me-

chanical autosieve shaker (Analysette 3PRO) set 

at 10 minutes shaking time at 2.5 mm amplitude 

of vibration.” 

The fraction of material retained on each screen 

was weighed and manually sorted into nuts, 

shells and kernels to determine percentage com-

ponents. Cracking quality was reviewed in terms 

of proportion of whole nuts remaining 

“uncracked” in one through-pass at the reported 

rate.  
 

Data Analysis 

The results of screen analysis are tabulated to 

show the mass fraction of each screen increment 

as a function of the mesh size range of increment 

notation (McCabe & Smith, 1976) and a cumula-

tive analysis is obtained by adding the differen-

tial increments.  

where Dp is the mesh size of screen n. The quan-

tity  is the mass fraction of the sample that con-

sists of particles larger than Dp with the value of 

 for the entire sample equal to unity. 

…..(1) 

UoT (2015) provides guidelines to analyze per-

cent finer material passing through each screen.  
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Sieve No. from 

Top of Stack 

 Specification 

(mesh) 

Clear Apperture 

 (mm) 

Mean Diameter of Particles 

Retained Davg (mm) 

1 (Top) +0.61 37.90 
Top Sieve 

(Not Applicable) 

2 -0.61+0.80 28.00 32.95 

3 -0.80+1.08 20.00 24.00 

4 -1.08+1.51 14.00 17.00 

5 -1.51+2.86 7.10 10.55 

6 -2.86+3.82 5.00 6.05 

7 -3.82+5.96 3.35 4.18 

8 -5.96+7.67 2.50 2.93 

9 -7.67+12.03 1.40 1.95 

10 -12.03+17.68 1.00 1.20 

11 -17.68+27.68 0.60 0.80 

12 -27.68+41.65 0.30 0.45 

13 (PAN) -41.65 PAN PAN 

Table 1: Sizes and Arrangement of Sieves in the Analysis of Palm Nuts and  

  Cracked Mixture 

 Source:  Field data 

The cumulative percentage of material retained 

on the nth sieve =∑Rn …(2), and cumulative 

percentage of finer material passing through the 

nth sieve is = 100 - ∑Rn … (3) 

A grading curve of the logarithm of sieve size 

against percent material finer defines diameters 

D10, D30, D60 corresponding to 10%, 30% and 

60% finer, used to estimate constants, Cc and Cu 

which represent how well the material is graded 

(well-graded, gap-graded or poorly graded). 

 

Material Balance Processes 

A balance on total and component part of mate-

rial in any system may be stated as: 

Input + generation – output – consumption = 

accumulation ---(4)  

(Felder & Rousseau, 1978). The following terms 

are defined as mass:  

F - flow rate of feed streams 

D - flow rate of overflow stream; 

B - flow rate of underflow stream; 

xF - fraction of material A in feed;  

xD - fraction of material A in overflow;  

xB - fraction of material A in underflow. 

 

If the feed comprises of  materials A and B, then 

the mass fractions of material B in the feed, 

overflow and underflow are respectively 1-xF, 1-

xD, and 1-xB, and two material balance equations 

provide a basis of analysis; an overall balance 

and a component balance: 

Overall balance;  

F = D + B              --- (5) 

Component balance; 

FxF = DxD + BxB                  --- (6) 

A measure of screen effectiveness (efficiency) 
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based on screen overflow stream EA is defined in 

these material balance equations (McCabe and 

Smith, 1976) where; 

Alternatively using the undersize flow stream as 

basis for the calculation, screen efficiency is; 

Oil palm millers in Ghana have used dirt content 

of kernels and percentage of kernels loss to 

shells to measure kernel cleaning efficiency 

KWN - mass of kernels from whole nuts in the 

sample, KCN - mass of kernels from partially 

cracked nuts in the sample, KP - mass of free 

kernel pieces in the sample, KL - mass of loose 

whole kernels in the sample, and W  - mass of 

the sample of shells or undersized stream.   

 

RESULTS AND DISCUSSIONS 

Figure 1 shows a schematic concept of an im-

proved process of small scale palm nut cracking 

and kernel separation with profile analysis of 

flow streams obtained from sieve analysis pre-

sented in Tables 2 and 3. Mass fraction composi-

tions of the main process streams are also sum-

marized in Table 4.  

… (7) 

(Aggey and Amoah, 2003) where the cracked 

mixture, cleaned kernel and discarded shells 

… (8) 

streams are composed of whole kernels, kernel 

pieces, whole nuts, partially cracked nuts, shells 

and debris, and the dirt content D, is determined 

for the cracked mixture and the cleaned kernel 

streams as: 

… (9) 

SWN is mass of shells from whole nuts in the 

sample, SCN is mass of shells from partially 

cracked nuts in the sample, SL is mass of loose 

shells in the sample, and W is the mass of sam-

ple from cracked mixture or oversize flow 

stream. The percentage reduction in dirt content 

between cracked mixture and over flow stream 

is interpreted as cleaning efficiency with the 

percentage kernel loss to shell stream given by 

Amoah et al. 2007 as: 

… (10) 

   

Palmnuts – 1620.0 tpa 

Cracked 
Mixture 

1599.3 tpa 

Kernels 
429.2 tpa 

Debris; 
-5mm 

555.9 tpa 

Shells 
590.5 tpa 

Oversize Kernels & 

Shells; +10mm 

CRACKER 

SEPARATOR 

Figure 1: Flow Diagram of Palm Nut Cracking & Kernel Cleaning 
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These mass fraction compositions were derived 

from sieve analysis results from field samples 

together with application of material balance 

equations on a conceptual facility projected to 

operate on a sustainable annual maximum capac-

ity of 1620 t of palm nuts. This input rate pro-

vides a basis of calculation with flow stream 

compositions presented in Table 2 while the var-

ious material balance equations (from eqn 1) are 

solved to obtain process outputs summarized in 

Fig. 1. An intermediate 1599.3 tonne per annum 

of cracked mixture is produced from which 

429.2 t of kernels and 590.5 t of shells are ob-

tained. A relatively large quantity of debris 

(555.9 t) is generated together with a loss of 39.6 

t in the form of dust and light debris to be dis-

Sieve 

No.1 
Mesh Number 

Clear 

Opening, 

mm 

Average 

Diameter of 

Particles 

Davg, mm 

Total Mass Percentage Retained, gramme (Average 

for All Sites) 

Palm nuts 
Cracked 

Mixture 

Sieve 

Oversize 

Sieve  

Undersize 

1 + 0.61 37.90 Top Sieve 0.00% 0.00% 0.0% 0.00% 

2 - 0.61 + 0.80 28.00 32.95 0.00% 0.00% 0.0% 0.00% 

3 - 0.80 + 1.08 20.00 24.00 7.75% 0.00% 0.0% 0.00% 

4 - 1.08 + 1.51 14.00 17.00 54.84% 0.00% 0.0% 0.00% 

5 - 1.51 + 2.86 7.10 10.55 34.49% 54.38% 84.9% 10.00% 

6  - 2.86 + 3.82 5.00 6.05 0.94% 20.85% 13.1% 29.26% 

7 - 3.82 + 5.96 3.35 4.18 0.29% 8.76% 1.1% 20.89% 

8 - 5.96 + 7.67 2.50 2.93 0.07% 1.11% 0.1% 4.46% 

9 - 7.67 + 12.03 1.40 1.95 0.22% 5.74% 0.3% 13.69% 

10 - 12.03 + 17.68 1.00 1.20 0.11% 1.41% 0.1% 2.97% 

11 -17.68 + 27.68 0.60 0.80 0.20% 2.53% 0.1% 5.95% 

12 -27.68 + 41.65 0.30 0.45 0.33% 3.00% 0.2% 6.63% 

13 - 41.65 
Bottom 

Pan 
0.00 0.77% 2.24% 0.2% 6.15% 

Total Mass of Component in Sample 100.00% 100.00% 100.0% 100.00% 

Percent Process Loss 1.28% 1.70% 1.2% 1.18% 

carded (Fig 1). This analysis suggests a kernel 

extraction rate of 26.49% on palm nuts compar-

ing well with 27.74% for dura palm nuts 

(Ohimain et al., 2013). Shell on nuts percentage 

is 36.45% with much debris (34.31%) generated 

and 2.44% process losses (Fig 1). Both the shells 

and debris are combustible. While debris may be 

compressed into fuel brikettes, shells are used in 

barbeque grilling charcoal, blacksmiths’ char-

coal, soil conditioners and concrete aggregates. 

The traditional 20 mm by 10 mm inclined cylin-

drical trommel screen is replaced with a concep-

tual 2-ply concentric truncated conical sieve to 

clean the cracked mixture together with an in-

clined component to separate the cleaned mix-

ture into kernels and shells. The two-ply screen 

Table 2: Size Profile Analysis of Flow Stream Components (Total Mass Flow Basis) 

Notes: 1.  Numbering from Top of Stack 

Source:  Field data 
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Component Stream 

Mass Fractions 

Whole 

Kernels 

Broken 

Kernels 

Whole 

Nuts 

Shells and 

Debris 
Total 

Palm nut 0.003 0.003 0.951 0.043 1.000 

Cracked Mixture 0.226 0.048 0.018 0.708 1.000 

Sieve Oversize 0.373 0.073 0.027 0.527 1.000 

Sieve Undersize 0.002 0.012 0.000 0.985 1.000 

Table 3: Size Profile Analysis of Flow Streams (Component Mass Flow Basis) 

Source: Field data 

has an aperture of 10mm and 5mm inner and 

outer screen respectively. Amoah et al. (2007) 

found the rotating trommel widely used in the 

project area by small scale palm kernel oil pro-

cessors consists of a cylindrical frame surround-

ed by wire mesh, open at both ends and inclined 

at less than 5o to the horizontal. The wire thick-

ness is about 2mm with a screen aperture of 20 

mm by 8 to 10mm. These dimensions were 

adopted as starting parameters in the 2-ply sieve 

design.  

With palm nut major diameters ranging from 

25.3 to 36 mm (Ndukwu and Asoegwu, 2010) 

and cracked mixture pieces finer, sieve analysis 

results in Table 2 show that while sieve number 

3 with clear opening 20 mm retains 7.75% of 

palm nuts, 0.00% of cracked mixture (including 

kernels) is retained. This implies a sieve with 20 

mm aperture is too wide to retain kernels in the 

cracked mixture similar to the findings of Ezeo-

ha et al. (2012) who computes the following 

average sizes for palm kernel; 16.98±0.66 mm, 

13.18±0.55 mm, 9.870±48 mm (major, interme-

diate, minor diameters) for dura; 16.63±0.54 

mm, 13.07±0.37 mm, 8.17±0.41 mm for tenera; 

11.26±1.38 mm, 9.13±0.57 mm, 6.97±0.64 mm 

for pisifera; and 17.40±1.12 mm, 12.97±0.67 

mm, 10.01±0.79 mm for mixtures of the three 

varieties. All the computed major diameters of 

kernel are less than 20 mm. Minor diameters of 

tenera and pisifera are also below 10 mm sug-

gesting some kernels may also fall through a 

sieve of 10 mm aperture. 

Sieve number 5 (Table 2) with clear opening of 

7.1 mm retains about 54% of cracked mixture, 

suggesting that 10 mm aperture sieve will retain 

less than 54%. However sieve opening 7.1 mm 

may not retain some tenera kernels as the minor 

diameter of tenera kernels range from 6.33 to 

7.61 mm (Ezeoha et al., 2012); so sieve aperture 

10 mm will retain less. Sieve number 6 (opening 

5 mm) retains 21% of cracked mixture implying 

a 5 mm sieve will retain 75% of cracked mixture 

comprising 27.4% kernels (Table 3). A sieve 

aperture of 5 mm is less than all the computed 

major and minor diameters of all palm kernel 

varieties and will therefore be suitable to retain 

all whole, as well as, larger broken kernel piec-

es. The results of the calculation of composition 

of flow streams in small scale palm nuts crack-

ing and kernel cleaning are presented in Table 4. 

For a sieve with opening less than 5 mm, only 

portions of shell pieces and debris are expected 

to pass through it for each flow stream. That is, 

1.99% for palm nut stream, 24.79% for cracked 

mixture stream, 2.01% for sieve over size stream 

and 60.74% for sieve under size stream. All por-

tions of whole kernels, kernel pieces and whole 

nuts are retained with a passage of 0.00%. 

Figure 2 presents grading curves of flow streams 

of palm nuts, cracked-mixture, sieve over size 

and sieve under size samples from small scale 

palm nut processing in Ghana with respective 

critical grain sizes and coefficients of uniformity 

(Cu) and curvature (Cc or Cz) of flow streams in 

Table 5. 

The findings are consistent with the observation 

by Amoah et al. (2007) that sieving does not 

separate palm nut cracked-mixture into uniform 

portions of kernel and shell streams but only aids 

Journal of Ghana Science Association,  Vol. 17 No. 1, June, 2016 38 



Flow stream composition changes in small-scale palm nut cracking and kernel... Aggey and Amoah 

Particle Size Passing Through 

Mass Percentage in Flow Stream (%) 

Whole 

Kernels 

Kernel 

Pieces 

 Whole 

Nuts 

 Shells & 

Debris 
 Total Stream 

Palmnut Flow Stream 

Clear Opening > 10 mm 0.19 0.15 81.39 0.85 82.58 

5 mm < Clear Opening 0.13 0.13 13.71 1.47 15.43 

Clear Opening < 5 mm 0.00 0.00 0.00 1.99 1.99 

Total Fraction 0.32 0.27 95.10 4.31 100.00 

Cracked Mixture Flow Stream 

Clear Opening > 10 mm 12.98 1.99 1.01 15.55 31.53 

5 mm < Clear Opening> 9.60 2.83 0.73 30.52 43.68 

Clear Opening < 5 mm 0.00 0.00 0.00 24.79 24.79 

Total Fraction 22.58 4.82 1.74 70.86 100.00 

Opening 5 mm - Oversize Flow Stream 

Clear Opening > 10 mm 21.47 3.37 1.58 22.84 49.26 

5 mm < Clear Opening> 15.87 3.92 1.12 27.82 48.73 

Clear Opening < 5 mm 0.00 0.00 0.00 2.01 2.01 

Total Fraction 37.34 7.29 2.70 52.67 100.00 

Opening 5 mm - Undersize Flow 

Clear Opening > 10 mm 0.13 0.24 0.02 5.40 5.79 

5 mm < Clear Opening> 0.12 0.96 0.01 32.38 33.47 

Clear Opening < 5 mm 0.00 0.00 0.00 60.74 60.74 

Total Fraction 0.25 1.20 0.03 98.52 100.00 

Table 4: Composition of Flow Streams in Small Scale Palmnuts Cracking  

  and Kernel Cleaning 

cleaning by concentrating similar sized particles 

together. Results from the screen analysis of 

cracked mixture show the following composi-

tions on a screen of mesh number -1.51+2.86 

(7.1 mm); whole kernels 22.39%, kernel pieces 

3.43%, un-decorticated nuts 1.75%, shells and 

debris 26.82% totaling 54.38%. Respectively, 

the corresponding compositions on the lower 

screen mesh number -2.86+3.82 (5 mm) are; 0. 

19%, 1.39%, 0.01%, 19.25% and 20.38%. While 

the first three components of the mixture are 

retained on only these two screen meshes, the 

size distribution of shells and debris (the forth 

component) spreads to as low as mesh number 

(minus) 41.65, making the balance of 25.24%. 

The percentage of total kernels, including pieces, 

on the top screen (25.82%) is very close to the 

percentage of shells and debris (26.82%) com-

prising particles of similar size which may not 

be separated easily by sieving. Sieving therefore 

only aids kernel cleaning by concentrating the 

larger size shells and debris in the material re-

tained by the top screen. Though more than 95% 

of kernels in the cracked mixture may be found 

“Source: Sieve Analysis of Samples from Kade Area of Ghana, 2003”  

Journal of Ghana Science Association,  Vol. 17 No. 1, June, 2016 39 



Flow stream composition changes in small-scale palm nut cracking and kernel... Aggey and Amoah 

Figure 2: Grading Curves of Flow Streams in Palm nut Cracking and Cleaning 

Note: Approximate positions of respective critical grain sizes D10, D30 and D60 for the various flow  
streams on the logarithmic axis are indicated by the vertical downward arrows on the graph 

Table 5: Critical grain size of flow streams in small scale palm nut cracking  

  and cleaning 

Source: Sieve Analysis of Samples from Kade Area of Ghana, 2003 

in the rotating screen oversize, suggesting a very 

satisfactory screening, the actual percentages of 

kernels (42.8%) and shells with un-decorticated 

nuts (42.1%) in this stream were almost equal. 

Similarly, the figures in Table 4 show that in the 

cracked mixture, whole kernels and kernel piec-

es amount to 14.97% and the shells and debris 

fraction is 15.55% comparing with 24.84% and 

22.84% respectively in the sieve over flow. Sub-

sequent kernel separation operations can be de-

signed using these parameters from the cleaning 

operation. 

By particle or grain size considerations, palm 

nuts and cracked-mixture aggregates fall in the 

class of gravel, through sand to silt. All three 

sections (coarse, medium and fine) of each class 

of aggregate are present in the cracked palm nut 

mixture ranging from 64 mm to 3.9 μm in size 

(ISO14688-1:2002). Sequential engineering pro-

cesses of cracking and sieving produce these 

Critical Grain Size 
Palm 

nuts 

Cracked 

Mixture 

Sieve Oversize 

(Shell) 

Sieve Undersize 

(Kernel) 

D10 12.565 2.111 10.052 0.641 

D30 16.045 7.695 11.676 2.500 

D60 19.527 12.204 13.873 6.008 

Cu = (D60/D10) 1.554 5.782 1.380 9.379 

Cz = ((D30)
2/D60D10) 1.049 2.2986 0.978 1.624 
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grades of palm nuts, cracked mixture, shells and 

kernels. Grain size distribution curves provide a 

quantitative picture of relative proportions of the 

different grain sizes comprising the granular 

aggregate with its shape described by the coeffi-

cient of uniformity and coefficient of curvature. 

A coarse grained aggregate is well graded if 

there is good distribution of sizes in a wide range 

with smaller grains filling the voids created by 

the larger grains over a very wide section of the 

graph area. The curve would be generally 

smooth and concave shaped stretching from the 

lower left extremes of the graph area to the top 

right corner of the graph (Sivakugan, 2000) or 

slightly forward-inclined sigmoid curve stretch-

ing from the lower left extremes of the graph to 

the top right corner (CV301, 2014). On the other 

hand, granular material that is not well graded is 

poorly graded with various shades including 

dense graded, gap graded, uniform graded and 

open graded depending on engineering processes 

producing it (CV301, 2014). Open graded and 

dense graded curves are located at opposite loca-

tions on the graph area. Dense graded curves are 

concave to the graph area but located in the low-

er right corner while open graded curves are also 

concave to the graph area but located at the top 

left corner of the graph area. When there are 

smaller and larger grains, but none in an interme-

diate size range, the material is described as gap-

graded. The graph forms a step or steps in the 

middle (CV301, 2014; Sivakugan, 2000).  

In uniformly graded material, the grains are 

about the same size; the grading curve is almost 

a vertical sigmoid curve. In Fig. 2, the shapes of 

the grading curves of sieve-undersize and 

cracked-mixture appear to show mildly forward-

inclined sigmoids suggesting the samples consist 

of well graded good distribution of sizes in a 

wide range with smaller grains filling the voids 

created by the larger grains. The curves for sieve

-oversize and palm nuts appear more upright in 

their middle sections suggesting uniform grading 

composed mainly of similar size particles. These 

initial indications were confirmed by calculating 

the coefficients of uniformity and curvature.   

Sivakugan (2000) defines D10 as a size such that 

10% of particles are smaller than this size with 

D30 and D60 similarly defined. D10 is the effective 

grain size and gives a good indication of permea-

bility characteristics of a coarse grained aggre-

gate. Respective D10, D30 and D60 for all four 

streams were marked off the graphs in Fig. 2 and 

presented in Table 5 together with calculated 

values for coefficient of uniformity (Cu) and co-

efficient of curvature (Cz).  

Palm nut major diameters range from 25.3 to 36 

mm averaging 30.5 mm (Ndukwu and Asoegwu, 

2010) and cracked mixture pieces are smaller 

down to dust particle sizes placing separation of 

palm nuts and its cracked-mixture within the 

coarse (size separations at 4 mesh and larger) 

and fine (separations smaller than 4 mesh and 

larger than 48 mesh) separation. The size of 

palm nuts and cracked-mixture therefore fall 

within the size range of gravel through sand to 

silt with sieve undersize composed of shell piec-

es and debris falling at the sand and silt end of 

the spectrum while palm nuts, cracked mixture 

and sieve oversize lean more towards gravel in 

dimensions.  

According to Sivakugan (2000), sand is well 

graded if Cu > 6 and Cc = 1-3 and gravel is well 

graded if Cu > 4 and Cc = 1-3. For the grain size 

distribution curves shown in Fig. 2, Cu for sieve 

undersize is 9.38 which is greater than 6 and Cz 

is 1.62 which lies between 1 and 3. These results 

confirm the sieve undersize sample is well grad-

ed with a wide range of particle dimensions. This 

material is well graded because it packs well 

with smaller pieces packing out the space among 

the larger pieces. A review of the profile of un-

dersize flow stream in Table 4 also attests to this 

finding. This aggregate is mainly powdery with 

about 60% passing through 5 mm screen. Parti-

cles with size between 5 mm and 10 mm com-

pose 33% of the aggregate and together with 

only 6% particles larger than 10 mm can fit into 

the pack well with less void space between the 

pieces. 

Similarly, the values for the cracked mixture 

sample (5.78 and 2.30 respectively) also confirm 
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a well graded aggregate when compared with the 

gravel criteria which are “more than 4 and 1-3 

respectively. In Table 4, it is easy to observe 

how the cracked mixture flow stream is well 

graded. The size fractions of this aggregate are 

uniform; 32% above 10 mm, 44% between 10 

mm and 5 mm, and 25% below 5 mm. These 

components will pack well with less void space 

between pieces.  

On the other hand, the palm nut and oversize 

samples are both confirmed uniformly graded 

aggregates when their Cu and Cz values in Table 

5 are compared with the gravel criteria of “more 

than 4” and “1 to 3” respectively. The uniformity 

of the palm nut aggregate is not in doubt; up to 

83% of the nuts are in the above 10 mm segment 

with 15% in between 5 mm to 10 mm portion. 

Clearly, the void spaces among the pack of big-

ger particles cannot be fully filled by only 2% 

particles smaller than 5 mm. Comparably the 

particles in the sieve oversize aggregate seem to 

be lumped up in above 10 mm (49%) and be-

tween 10 mm and 5 mm (49%) portions with 

only 2% debris portion that cannot fill up the 

void spaces confirming the aggregate is uniform 

graded.   

 

CONCLUSIONS AND RECOMMENDA-

TIONS 

Process flow streams in small scale palm nut 

cracking and kernel cleaning were analysed us-

ing results from sieve analysis of field samples 

and mass balance equations on a conceptual 

palm nut cracking facility with the traditional 

inclined cylindrical trommel replaced with a two

-ply truncated conical sieve. From the palm nut 

stream through cracked mixture to sieve oversize 

and undersize streams, whole kernel composition 

changes from 0.3% through 22.6% to 37.3% and 

0.2% respectively, broken kernel pieces also 

range respectively from 0.3% through 4.8% to 

7.3% and 1.2% while the respective values for 

shells and debris are from 4.3% through 70.8% 

to 52.7% and 98.5%. Computed major and minor 

diameters of all palm kernel varieties in the sam-

ple were higher than a sieve aperture of 5 mm 

which will therefore be suitable to retain all 

whole and larger pieces of broken kernels during 

cleaning and sieving. The results also confirm 

that sieving does not separate palm nut cracked-

mixture into uniform portions of kernel and shell 

streams but only aids cleaning by concentrating 

similar sized particles together and subsequent 

kernel separation operations can be designed 

using parameters from the sieving analysis. 

Coefficients of uniformity (Cu) and curvature 

(Cz) derived from grading curves also confirm 

that coarse, medium and fine classes of aggre-

gates are represented in palm nut and cracked-

mixture flow streams, while cracked-mixture 

stream (Cu equals 5.78; Cz equals 2.30)  and 

sieve undersize stream (Cu equals 9.38; Cz equals 

1.62) are well graded, the palm nut stream (Cu 

equals 1.55; Cz equals 1.05) and sieve over size 

stream (Cu equals 1.38; Cz equals 0.98) are uni-

form graded. The value of these coefficients 

have implications for porosity, bulk density and 

permeability of the various aggregates, and to-

gether with the profiled grain sizes have speci-

fied the various streams to facilitate the specifi-

cation, design and engineering of storage, me-

chanical handling and additional equipment to 

separate kernels from the cracked mixture.   
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