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n order to avoid the use of a mud bath, 
the following processes were studied: 
(a) pneumatic separation; (b) separation 

by hydrocyclone; and (c) miscellaneous 
methods of separation.

PNEUMATIC SEPARATION

Laboratory work had indicated that the 
lifting velocity of the components of the 
cracked mixture was sufficiently different 
from one component to another to envisage 
the pneumatic separation of some of 
them. The approximate value of the lifting 
velocities is given in Table 1. 
 

A closer perusal of the lifting  velocities 
show that the value required for shell is 
extremely variable.  It may reach more than 
12 m s-1 but may be as low as a few metres 
for fibres and tufts of fibre.   Moreover, the 
lifting velocity for kernels drop to a few 
metres per second in the case of flat or 
twisted kernels. 

A pneumatic separator was nevertheless 
constructed. It was tried on cracked 

mixtures derived from various types of fruit.  
It consists simply of a vertical duct atop a 
fan.  The feed is arranged at the top through 
an air-tight hopper.  Heavy particles are 
evacuated at the bottom of the duct. 

The use of the apparatus showed that if 
the air-velocity is set to remove the shell 
from the kernel a number of odd shaped 
kernels are carried away in the blown mate-
rial.  There are many of these odd shaped 
kernels in the cracked mixture of nuts from 
dura origin.   The complete pneumatic sep-
aration of the cracked mixture is therefore 
not possible.  The question will nevertheless 
be reopened in the next section, particularly 
with a view to sorting uncracked nuts from 
the cracked mixture. 

 
In the grading of nuts through a 16 mm 

screen, it was observed that the fraction 
going through the perforations show a low 
proportion of dura nuts and consequently 
contains very few multiple kernel nuts and 
odd shaped kernels.  That fraction therefore 
lends itself particularly well to pneumatic 
separation.  In actual fact, large scale trials 
have shown that the kernels from that type 
of nuts can be bagged directly as they come 
out of the pneumatic device.  The percentage 
of dirt in the kernel amounted from  2%  to 
3%.  The loss did not exceed 0.5% of the total 
kernel. 



PALM OIL ENGINEERING BULLETIN NO. 9634

Feature Article

The tables given earlier in this article  
provide information on the proportion of 
nuts passing through 16 mm perforations.  
It can be seen that the fraction is important 
only in the case of DxP nuts (60% of the 
nuts).

 
The usefulness of the pneumatic 

separation is therefore limited since it can 
only be applied to a portion of the DxP 
nuts.  Its usefulness is, however, of general 
coverage as regards the cleaning of the 
cracked mixture prior to further treatments. 

Cleaning of the Cracked Mixture

It is known that  irrespective of the tech-
nique used in separating the constituents of 
the cracked mixture, the light material finds 
its way with the kernel.  The screening of 
the mixture through 5 mm to 6 mm perfora-
tions removes the dust but not the fibrous 
tufts and the fine shell.  These light weight 
impurities are negligible in the case of dura 
fruits but become important when planta-
tion crop containing a high percentage of 
tenera material is being processed. 

The advantage of pneumatic cleaning is 
precisely to enable the removal of all light 
weight impurities which affect the quality of 
kernel.  Moreover, as a fair percentage of the 
cracked mixture is removed in the process, 
the capacity of the separating installation 
is increased proportionately.  The quantity 
of material blown over is dependent upon 
the proportion of tenera.  It varies between 
15% and 40% of the weight of the cracked 
mixture.  With DxP nuts smaller than 16 
mm, the amount reaches 60%.  Provided the 
pneumatic cleaning device is well set, the 
loss of kernel ranges generally from 0.3% 
and 0.5% of the total kernel.  The material 
lost consists mainly of broken kernels. 

SEPARATION  BY HYDRO-CYCLONE

Main Constituents 

The principle of the hydro-cyclone is well-
known and so are the numerous industrial 

application of this apparatus during the last 
few years.  There are a fairly large number 
of firms specialized in producing this type 
of equipment. 

The Dorr-Oliver apparatus used in the 
preliminary trials consisted of two 350 mm 
diameter hydro-cyclones, each fed by a 
70 m3 hr-1 pump capable of maintaining a 
pressure of 1 bar at the inlet of the cyclones.  
It is a known fact that theoretically a single 
hydro-cyclone can  separate only one of the 
constituents of the cracked mixture.  The 
constituent can be directed either in the 
overflow or in the underflow.  In the case of 
a mixture containing only shell and kernel, 
the separation of the constituents can be 
achieved with two hydro-cyclones.  One 
gives kernel only in the overflow and shell 
containing an appreciable amount of kernel 
in the underflow.  The other gives shell only 
in the underflow and kernel containing a lot 
of shell in the overflow. 

Regardless of the composition of the 
cracked mixture to be dealt with, the 
hydro-cyclone separation carried out at 
2.5 t hr-1  after pneumatic cleaning makes it 
possible to obtain kernel with 0.2% to 3% 
of impurities and shell containing less than 
2% of kernel.  The impurities are made up 
of fibre and fragments of shell.   Whole nuts 
are excluded as they are not considered to 
be impurities.  Uncracked mixture implies 
necessarily a drop in the efficiency of the 
hydro-cyclone since they are either carried 
away in the kernel stream to become 
extraneous matter therein or are eliminated 
in the shell discharge with concomitant less 
of kernel. 

Cracked dura nuts can possibly be 
separated in a hydro-cyclone without prior 
pneumatic cleaning and yet yield clean 
kernels ready for bagging.  However, as soon 
as the proportion of tenera nuts is significant, 
pneumatic cleaning is mandatory.  Whilst 
almost perfect separation of kernel and 
shell is obtained without difficulty in the 
hydro-cyclone, the removal of the third 
constituent, that is the nuts, is left to chance.  
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The uncracked nuts distribute themselves 
between kernel and shell. 

In principle, as has been maintained at 
the beginning of the article, uncracked nuts 
can be separated from the various cracked 
mixtures by screening through perforations 
of suitable dimensions.  That technique is 
however not rational since it require a lot of 
floor space and equipment, and consumes 
an appreciable amount of power for the 
recycling of a quantity of nuts amounting 
hardly to approximately one-tenth of the 
total.  With a view to doing away with the 
screen and to reduce the number of crackers 
the separation of the three  constituents 
solely by hydro-cyclone was investigated. 

REMOVAL OF NUTS BY 
HYDRO-CYCLONE SEPARATION

Partial 

The technique consists in setting the 
hydro-cyclones so that nuts are carried 
away with one of the main components.  
That component is fed into a mud or a salt 
bath in order to separate the nuts.  The latter 
float if they are mixed with shell or sink if 
they are mixed with kernel.  The separation 
of the kernel nut mixture by density is easy 
but that of the mixture of shell and nut is 
difficult. 

Total 

The straightforward hydro-cyclone 
separation of the three constituents is 
undoubtedly more appealing and it has 
been possible to perfect it.  There are many 
possibilities of implementation and more 
than 10 possibilities of implementation and 
more than 10 possible combinations were 
studied.  It is however possible to group 
the separation procedures into two general 
categories:

• removal of kernel from the cracked 
mixture followed by separation of the 
mixture of nut and shell;  and 

• removal of shell from the cracked 
mixture followed by separation of the 
mixture of nut and kernel.

Each of the above four separations 
was studied systematically.  The effect of 
the following factors on the efficiency of 
recovery was also studied:

• diameter of cyclones; 
• height of the cyclones;
• height of the cone (and angle of the 

apex);
• diameter of the overflow outlet pipe;
• depth of the underflow outlet pipe; and 
• diameter of the underflow outlet pipe.

We give hereafter (Figures 1 and 2) a few 
of the flow diagrams tried and the general 
conclusions drawn from the tests:

• it is possible to separate the cracked 
mixture into its three components;

• it is possible to obtain kernels clean 
enough for packing and dispatching; 
and

• the loss of kernel is lower than 2%.

From an exclusively technical point of 
view, the following conclusions were drawn 
regarding the operation of hydro-cyclones 
for the separation of the cracked mixture:

• the throttling of the overflow outlet 
pipe results in the purification of the 
component evacuated through it;

• the lengthening of the cylindrical part 
has more or less the same effect;

• the separating efficiency is related to the 
diameter of the overflow outlet pipe.  A 
decrease in the diameter increases the 
purity of the component evacuated 
through the underflow (lower limit: 50 
mm); 

• the diameter of the overflow outlet pipe 
affects separation (in a way comparable 
to the effect of the gravity disc in a 
centrifuge);

• the length of the overflow outlet pipe 
affects the separation.  An increase 
makes it easier for the light component 
to the evacuated but it also triggers the 
over-carry of heavy particles;
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• a drop in the velocity of the water 
flow increases the amount of the light 
constituent in the underflow; 

• the lengthening of the cone has the 
same effect; and

• there are numerous interactions 
between the above mentioned factors.

Figure 1.  One set of  hydro-cyclone configurations tried out at Mongana. 

As has been already stated, nuts can be 
evacuated either in the overflow or in the 
underflow depending on the adjustment.  
The set-up which has given the highest 
efficiency is that of Figure 2, in  which:

• kernels are recovered at the first hydro-
cyclone;
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Figure 2. Another set of  hydro-cyclones configurations tried out at Mongana. 

• the underflow from the first is treated 
a second time to remove the balance of 
the kernels; 

• a third hydro-cyclone is used to 
separate the nuts and direct them in the 
overflow; and

• the underflow of the third is sent for 
treatment in the fourth  in order to 
separate pure shell.

A full material balance was established 
for each of the possible combinations.   In 
the case of the last of these, a trial was un-
dertaken using 36 t of nuts.  In that particu-
lar instance, the most suitable settings were 
found to be as follows (dimensions are giv-
en in millimetre)(Table 1). 
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To ensure easier experimental conditions, 
the elements of the hydro-cyclones 
were interchangeable.  Moreover, one 
experimental cyclone was adjustable to a 
certain extent  (Figure 3).

Material Balance Using Four Hydro-cy-
clones

Weight of material:  36 225 kg.

Weight of wet kernel:  10 308 kg that is 29.8%.

Weight of the material blown off: 9689 kg 
that is 26.6%.

Figure 3.  An adjustable experimental hydro-cyclone.

TABLE 1. SUITABLE DIMENSIONS FOR HYDRO-CYCLONE

CI CII CIII CIV

Cylinder section Diameter
Height 

400
200

400
200

350
380

350
230

Overflow outlet pipe Diameter 
Height 

150
175

150
350

130
130

175
180

Cone Height 640 640 215 215

Underflow Diameter   75   65   70   60

Note : Inlet pressure: 0.9 to 1.1 kg cm-3 for the four  hydro-cyclones.

Nature of the nuts: bulk from Bosondjo 
containing 20% of palm groove origin, 50% 
of TxT and DxT origin, and 30% of DxP 
origin.

Conditioning of nuts: triple peak sterilization 
of the bunches: nuts neither dried nor auto-
claved.

Speed of cracking: 27.5 m s-1.

Dirt content of kernels: 3.0%.

Percentage of smashed kernels: 2.3%.
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Losses:
in the discharge of 
   the pneumatic  0.49%
cleaning device in 
   the shell  0.85%
           
Total losses                 1.35%  of the weight 
                               of kernel

Efficiency:  88.65%.

Hourly throughput: Actual 2786 kg
   Nominal 3316 kg

Average hourly recycling: 630 kg.

Hourly throughput of wet kernels:  830 kg.

Nut content of the recycled material:  43.4%.

Kernel content of the recycled materials:  
2.8%.

The installation consisted of the following:

• a conveyer belt fitted with adjustable 
feed into the cracker.

•  a large diameter cracker.

•  a bucket elevator.

•  a pneumatic cleaning device.

•  four hydro-cyclone.

Power consumption was as below:
   
 HP
Cracker feeding device  0.7
Cracker  0.2
Elevator 1.2
Cleaning device 1.4
Four pumps 51.0
 62.6

Cracking of Wet Nuts and Kernels

The processing of nuts using four hydro-
cyclones includes a stage in which wet 

nuts coming out of the hydro-cyclones are 
cracked together with small kernels which 
have escaped separation.  It was therefore 
essential to ascertain the behaviour of these 
wet constituents in the cracker.  To that end, 
dry nuts were cracked.  A portion of the 
same nuts was subjected to passage through 
a hydro-cyclone and to a 1 hr immersion 
under prior to cracking.  The cracking 
results are almost identical (Table 2).

The rehumidification of dry nuts is 
therefore very slow and the cracking of 
nuts coming out of water is not an obstacle 
to the use of the four  hydro-cyclones set-
up.  There is however an observation 
deserving special note, that is the clogging 
of crackers.  The cracking of wet nuts lead to 
heavy accumulation of dirt in conventional 
crackers.  The accumulation is practically 
negligible in the case of vertical shaft 
crackers. 

In a manner similar to that used for nuts, 
a comparison was made of the cracking 
of wet and dry kernels (Table 3).  The trial 
showed that more than 50% of broken 
kernels resulted from the cracking of dry 
kernels against 20% in the base of kernels 
just out of the hydro-cyclone.

In the above test, the hourly amount of 
kernels recycled through the cracker togeth-
er with nuts was 17.7 kg.  Out of these 20% 
were broken, that is 3.5 kg approximately.  
The hourly production of kernel was 630 kg.  
The percentage of broken kernels was there-
fore 0.55%.

MISCELLANEOUS METHODS 
OF SEPARATION

Separation of the cracked mixture was 
attempted in the laboratory using brine or 
flotation and levigation techniques. Very 
efficient separation is possible with brine.  
The process could easily be made continuous 
but the use of brine implies the use of 
special steel for the equipment.  Moreover 
the consumption of salt is far from being 
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negligible.  It has been ascertained that the 
loss of salt, after allowing the constituents to 
drip is as follows:

• 14.7 kg of salt per tonne of kernels; 
• 7.8 kg of salt per tonne of nuts; and 
• 27.5 kg of salt per tonne of shell.

The separation of the three  constituents 
is possible by selective lifting in streams of 
water flowing upwards at a speed of 0.5 to 
1 m  s-1.

DRYING OF KERNEL

The question was not studied at industrial 
scale in the course of the research work.

QUALITY OF KERNEL

Acidity of Kernel

The free fatty acid (FFA) content of fresh 
kernel is generally close to 0.15% (as lauric 
acid).  The acidity increases in the course 
of processing and particularly during 
sterilization to reach approximately 0.5%.  
At the end of processing, the FFA of whole 
kernel is of the order of 1%.   During storage, 
the acidity increase sharply if the moisture 
content of kernel exceeds 7% to 8%.  Above 
that level, a fermentation takes place during 
storage.  The FFA content of broken kernel 

is appreciably higher and the acidification 
process is much faster.  The average acidity 
of oil extracted form kernel of good quality 
ranges from 3% to 4% (as lauric acid).

Colour of Kernel

Kernel extracted from a fresh fruit or 
from fruit sterilized with steam at atmos-
pheric pressure then sun dried in thin layer 
and well protected against fermentation of 
microbial proliferation exhibit when dry a 
blue colouration and is translucent when 
sliced in thin layers.   In this context, dry 
means a moisture content of 7% to 8% below 
which oil starts exuding from the kernel.

The colour index (sometimes called 
discolouration index) is expressed as the 
content in percentage units of brown kernel 
in a batch of kernel.  A distinction is made 
between brown  and yellow kernels.  A 
yellow kernel is considered as one-third of 
a brown one. 

The colour of kernel was studied in 
relation to sterilization and temperature of 
drying.  The effect of sterilization is that of 
heat penetration.  As all efforts are centred 
for general reasons towards improving that 
penetration, it follows that an adequate 
sterilization produce from the point of view 

TABLE 3. COMPARISON OF THE RESULTS OF WET AND DRY KERNEL 

Dry kernels (%) Wet kernels (%)

% of broken kernels after passage through the cracker 58.5 19.6

Moisture content 7 20

TABLE 2. COMPARISON OF THE RESULTS OF WET AND DRY NUT CRACKING

Dry nuts (%) Wet nuts (%)

% of uncracked nuts 3.5 3.8

% of broken kernels 2.5 3.5
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of bunch stripping, nut cracking, etc. leads 
necessarily to discoloured kernel.  There can 
be no question of striking a compromise.  
Sterilization must be carried out without 
consideration for its effect on the colour of 
kernel.

The Mongana triple peak sterilization 
with steam bleed off gives practically 100% 
of discoloured kernel.

The effect of drying temperature on 
the discolouration of kernel was studied 
in kernel derived from fruit sterilized in 
atmospheric pressure and therefore free 
from initial discolouration.  It appears 
that (a) temperature of 80°C can be 
used without ill effect until complete 
drying, (b) a temperature of 100°C can 
be used until moisture content is around 
12% approximately, and (c) finally, a 
drying temperature of 120°C induced 
discolouration even when the kernel is still 
very wet. No direct relationship appears 
to exist between the colour of kernel as 
defined previously and the colour of the oil 
extracted there from. 

A few results showing the  evolution of 
colour in relation to temperature and time 
of drying are given in Table 4. 

Cleaning of Kernel

Several mills dealing partly or exclusively 
with estate crop still use manual sorting of 
dry kernel.  The object of that operation is in 
some instances to eliminate uncracked nuts 
but sometimes the aim is solely to remove 
the light constituents  which come up to the 
surface in the mud bath.   Large scale trials 
have shown that in the latter case the lift-
ing of kernel by air in a vertical pneumatic 
cleaner was sufficient to reduce the impuri-
ties content of kernel to a  sufficiently low 
level to pack them without subsequent 
manual sorting. 

The factory of two members of the co-
operative is presently equipped with such 
pneumatic cleaners which operate quite sat-
isfactorily.   The loss of kernel resulting from 
pneumatic cleaning is virtually nil, only a 
few tenths of one percent of broken kernels 
area carried away with the light constitu-
ents. 

TABLE 4. EFFECT OF TEMPERATURE AND TIME DRYING ON THE COLOUR OF KERNEL

Dry 
temperature 

80°C 100°C 120°C

Time of 
drying hr

% 
moisture 
content 

% 
discolouration

% 
moisture 
content 

% 
discolouration

% 
moisture 
content 

% 
discolouration

0
1
3
4
5
7
8
10
11
12
17

25.0
21.3
16.2
13.9
12.6
10.2
  8.9
  8.4
 7.5
 6.5
 4.9

0
0
0
0
0
0
0
0
0
0
0

25.0
20.1
13.2
11.1
10.2
7.9
6.0
4.7
1.1
-

2.1

0
0
0
4
10
100

-
-
-
-
-

15.0
18.4
10.9

8
6.2
3.2
2.4
2.1
1.4
1.1
0.4

0
4
25
100

-
-
-
-
-
-
-


