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n the pilot plant, clarification was 
carried out in a continuous settling 
tank of 220 litres capacity (Figure 1).  

The conclusions drawn from experiments 
carried out are summarized below:

• capacity. The 220 litres settling tank has 
a working volume of 150 litres. It can 
cope with 500 kg of diluted crude oil per 
hour (100% dilution with water). Crude 
oil therefore settles for approximately 18 
min.

• oil recovery. Approximately 60% of the 
oil is recovered.

• separation of NOS. Almost total 
separation is achieved since only 1.5% of 
the impurities find their way into the oil. 
The average moisture and dirt content of 
the continuously settled oil is 1.3% and 
0.06%. This would not be suitable in an 
industrial process.

• interface. At times the interfacial layer 
tends to increase and occupy the space 
intended for clean oil (density close to 
that of oil). At that point, the crude oil 
feed is reduced slightly and after a few 
minutes, enough oil has separated to 
enable continuous settling to take place 
again. The hourly capacity of 500 kg 
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allows for the slowing down of the feed.

• removal of sludge. The output is 
steady. The composition of sludge is 
constant. Oil content ranges from 11%   
to 13% and NOS from 4%  to 6.5% (12 
analyses).

Clarification of Wet Process Crude 
Oil
 

A lot of difficulties were experienced, 
probably as a result of the high colloid 
content of crude oil. The efficiency does not 
exceed 65% to 70%.

Clarification of Centrifuge Crude Oil 

 The process offers no difficulties. A single 
static separation leads to an efficiency of 
94% to 95%. This may be increased to 96.5%   
to 97.5% level by second separation. There 
seems to be no advantage in carrying out 
further separation.

 The very fast settling of centrifuge 
or discontinuous press crude oil is a  
consequence of the low content in dirt, 
colloids and other solids in suspension. 
Among the latter, fruit pectins deserve 
special attention.

**Continued from p. 44 of  Palm Oil Engineering Bulletin Issue No. 85.
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from page 27

 It was pointed out in under Extraction 
Processes   that the addition of surfactants 
was tried in an attempt to improve the ef-
ficiency of oil extraction from the cake. The 
addition was carried out either directly in 
the digester or by washing the cake at the 
end of centrifugal run. It is of interest to 
mention the effect of the addition of sur-
factants on the settling characteristics of 
crude oil. For instance, the rate of settling of 
three samples of oil is given graphically in 
Figure 2   -  (1) control oil, (2) oil treated with 
0.025% of alkyl-aryl-sulphonate, and  (3) oil 
treated with 0.5% of A.A.S. 

The examination of graph in Figure 2 leads 
to the following observations:

• the control oil separated completely 
after 30 min;

• No. 2 oil separated completely after 
13 min;

• No. 3 oil decanted completely in 160 
min.  In that experiment, it was not 
possible to boil the oil (this was done 
for the other two test) as a result of the 
formation of a large amount of form 
(the tank overflow);

• the addition of water containing 
0.025% of alky-aryl-sulphonate slows 

Figure 1. Experimental continuous settling tank.
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down settling at the beginning of the 
operation, but the rate of settling at 
the end of it decreases less markedly 
than in the case of the control oil.  As 
a result, the last 10% of oil of the con-
trol require 24 min to settle whilst in 
the case of No. 2 oil only 5.5 min are 
needed; and

• the addition of 0.5% of alkyl-aryl-sulpho-
nate slow down settling considerably.

 The analysis of the bottom layer in the 
case of oils No. 1 and 2 indicates that after 
the time given above, there is no more oil 
capable of further settling.

The same process was used with crude 
oil from continuous presses.  No increase 
in the rate of settling was recorded whilst 
quite a lot of oil was found to remain in the 

bottom layer. 

FACTOR AFFECTING SETTLING

It had been observed that screening im-
proved the settling characteristics of crude 
oil because of the coalescence of globules.  A 
laboratory experiment showed that subject-
ing crude oil to high frequency vibrations 
led to increase settling ability.  The technique 
was tried at semi-industrial scale with screw 
press crude oil subjected to ultrasounds.  
The apparatus consists of a bell with a reed 
in its centre.  The reed vibrates as a result 
of the flow of oil under high   pressure (fre-
quency of 18 000 to 22 000 cycles s-1). 

Ultrasounds of that frequency do not 
induce coalescence of oil globules.  On the 
contrary, they greatly stabilize the emulsion.  
The use of vibrating reeds connected to an 
electromagnet (frequency 50 cycles s-1) leads 
to coalescence around the reeds but no in-

Figure 2. 
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crease in the rate of settling is recorded.

As has been already mentioned, boiling 
improves the settling of crude oil.  If steam 
injection is used it should be ensured that 
the crude oil actually boils, and is not simply 
churned up by the steam.  Some emulsions 
break only at boiling temperature.  They re-
main stable up to 90°C.

The dehydration of crude oil, if carried 
out far enough, enables fast separation of 
the non-oily solids.  These can be removed.  
They contain 60% of oil and can be pressed.  
Although dehydration of crude oil can 
be easily carried out in the laboratory by   
evaporation under vacuum it is difficult 
to envisage a practical application of that 
technique.  The fact that dehydration makes 
good separation possible should however 
be recorded.

Similarly, the good settling characteris-
tics of crude oil derived from dehydrated 
fruit is worthy of mention.

Screening

Screening, which has been applied on the 
oil derived from the four extraction proc-
esses and on all types of fruit, appears to be 
indispensable in palm oil milling.  It can be 
carried out on crude oil as well as on sludge 
after the first separation.  The advantages 
and disadvantages of the two systems were 
compared.

In practice, it may be concluded that the 
point of the circuit where the screen is incor-
porated is not important.  In all cases,  the 
solids retained by the screen contain a lot of 

oil and must be recycled.

Washing of the Solids

 The recycling of the solids is not a com-
plicated operation but nevertheless requires 
labour or power and entails additional ex-
penditure, unless the solids can be reintro-
duced into the digester by gravity.  In order 
to do away with recycling, washing with 
water was tried either after the solids have 
been separated or whilst they accumulate on 
the screen. The latter technique is preferable 
from the point of view of oil recovery but it 
dilutes the crude oil and this is sometimes 
undesirable.
 

As an example, the composition of the 
solids is given in Table 1.  They were ob-
tained from screening wet process crude oil 
through a 20-mesh strainer vibrating at 3000 
rpm.

The solids were washed with a volume of 
water equal to that of crude oil.

The washing with wetting agents or ami-
onic or anionic surfactants does decrease 
the residual oil content.  The content of the 
non-oily solids is always very high regard-
less of the origin of the screened material.  It 
appears therefore indispensable to recycle.
 
 The following factors were examined in 
the study of vibrating screens:

• frequency: 1400 and 3000 cycles s-1.  
Improve results are obtained through 
an increase in frequency;

• temperature: as a result of its effect on 

TABLE 1.  COMPOSITION OF THE SOLIDS RETAINED ON THE VIBRATING SCREEN
Unwashed solids (%) Washed solids (%)

Water of  solids 
Oil on solids
NOS on solids
Oil as dry basis

74.0
16.6
9.4

176.3

82.3
6.7

10.4
64.4
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the viscosity of oil, temperature mark-
edly affects the efficiency of screening.  
The best results are obtained at 100°C.  
Crude oil should not be screened at a 
temperature lower than 50°C to 90°C; 
and

• size of perforations:  crude oil from wet 
extraction processes can be screened on 
20-mesh or coarser  strainers (Table 2).  
Hot undiluted press crude oil passes 
through 20- to 30-mesh strainers. A sec-
ond screening through 60-mesh strainer 
for instance yields a large amount of sol-
ids constituted mainly by cellular debris.  
Sequential double screening does not 
appear desirable since the object of 
screening is to retain the fibre, which 
is a hindrance to centrifugation and 
not the cellular debris from which oil is 
best recovered by centrifugation or even 
static separation.  Heated up crude oil 
from presses or centrifuges can be eas-
ily screened, even on 120-mesh strain-
ers.  A large amount of solids is however 

No. Size of perforation (mm) Diameter of wire (mm)     Perforated area (%)

10 2.08 0.70 56
16 1.24 0.50 51
20 0.99 0.40 51
25 0.76 0.35 47
30 0.63 0.30 46
35 0.51 0.28 42
40 0.45 0.24 43
50 0.36 0.20 41
60 0.28 0.18 37
70 0.24 0.16 36
80 0.21 0.14 36
90 0.189 0.12 38
100 0.168 0.11 37
110 0.153 0.10 37
120 0.141 0.09 37
130 0.124 0.09 35
150 0.105 0.08 32

retained. The 60-mesh strainers appear 
best suited.

• feed: in order to use the whole of the 
screening surface, it is essential to install 
a suitable distributor, possible of the flap 
type but a distribution trough must also 
be fitted.

 The conclusion applies to standard 
vibrating screens used in oil mills. The 
straining material is attached to a horizon-
tal shaft eccentric.  Vibrations therefore take 
place in a vertical plane.  The pattern of the 
vibrations is governed not only by the type 
of screen but also by the distance from the 
vibration making device.  The shape of the 
vibrations can range from a circle to a very 
elongated ellipse. 

Another type of screening used in flour mills 
has been tried - the plan-sifter.  The vibra-
tions occur in a horizontal plane, the shaft of 
the eccentric being vertical.  The screen has 
given excellent results, better perhaps than 

TABLE 2.  COMPOSITION OF THE SOLIDS RETAINED ON THE VIBRATING SCREEN
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the standard vibrating screens.    
    The hourly capacity per unit is higher, 
whilst oil removal from the retained solids 
appears very effective.  Additional trials are 
in progress.  The cost of  suspended plan-
sifters is, for a given output, lower than that 
of vibrating screen mounted on a frame. 

Centrifugal Screening

As a result of the difficulties encountered 
in the separation of the solids from wet 
process crude oil, the filtration in a 1.20 m 
centrifuge spinning at 1000 rpm was tried 
with the whole surface of the basket lined 
with canvas cloth.  Screening is easy and the 
throughput very high.

The capacity of a standard centrifuge 
is sufficient to screen approximately 6 t of 
crude oil.  The cleaning of the cloth is dif-
ficult and time-consuming.  It is contemplated 
to use shortly metal gauze with oblong per-
forations 0.1 to 0.2 mm  wide and 4 to 5 mm 
long.  The oil content of the solids is fairly 
low but washing with water does not lower 
it further to a marked extent.  Table 3 gives 
the results obtained on wet process crude 
oil. 

 Before closing this paragraph on screen-
ing, it should be pointed out that laboratory 
experiments were carried out on filtration of 
wet process and continuous press crude oil 
with a view to studying the possible use of 
an industrial vacuum rotary filter.  The at-
tempt was unsuccessful owing to the fast 
clogging of the filtering cloth. 

TABLE 3.  TYPES OF SOLIDS RETAINED ON THE SCREEN 
Solids retained on the 

screen (%)
Washed solids (%)

Water of  solids 
Oil on solids
NOS on solids
Oil as dry basis

79.3
5.1
15.6
32.6

73.6
6.2
20.2
30.7

Centrifugation
 
 The problem of centrifugation may be 
approached in a number of different ways.  
Some years ago, centrifugation was simply 
a purification process applied to oil derived 
from primary and secondary static separa-
tion (expect in the case of the wet process).  
Soon afterwards, at the time of the introduc-
tion of continuous settling, purification of 
oil  continued to be carried out by  centrifu-
gation but in addition, the sludge derived 
from the continuous settling tank was also 
subjected to centrifugation.   That technique 
is now the standard procedure for oil mill of 
average to large capacity.

Investigations were carried out with a 
view to eliminate completely the separation 
of oil by batch or continuous settling and to 
replace it by direct centrifugation of crude 
oil.  In the latter case, two centrifugations 
are required, one of these replacing the stat-
ic decantation.

 The following will therefore be examined 
separately:

• centrifugal separation of sludge; and 
• purification of oil.

Centrifugal Separation of Sludge

 At this stage, it should be mentioned that 
if settling is not made use of, the centrifu-
gal separation of sludge becomes a requi-
site.  This is because it is not possible to treat 
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centrifugal extractor.   Bowls clog so quickly 
that frequent cleaning become necessary.  
Their capacity is at the most 30 kg of wet 
solids (for large centrifuges) corresponding 
approximately to 6 kg of dry material.  Even 
with crude oil containing no more than 1% 
of non-oily solids, the capacity of a large 
bowl centrifuge (generally 12 kg of wet sol-
ids, that is 2.5 kg of dry material) between 
consecutive cleanings would only be 600 kg 
if the whole of the NOS were retained in the 
bowl.  This is of course not the case.  If it 
is assumed that 80% of the NOS find their 
way into the discharge, the capacity of the 
machine would be 3 t of crude oil. 
 

Before centrifugal separator of sludge, 
the screening of undiluted or diluted crude 
oil was found to be necessary.  Even relative-
ly clean crude oil contains a certain amount 
of fibrous strands of length ranging from a 
few to 50 mm.  In the course of centrifuga-
tion, these strands accumulate at various 
places in the machine, more particularly 
around the distribution holes of the plates 
and, eventually, obstruct them completely.  
This fibre is not discharged from self-clean-
ing centrifuges.  Eventually the bowl may 
go out of balance as a result.  Screening is 
therefore indispensable but there is no ad-
vantage in using too fine a strainer, which 
retains an important portion of the cellular 
debris as centrifugation removes more oil 
from the latter than screening.  In this re-
spect, it is worth mentioning that it is an er-
roneous concept to assess the effectiveness 
of a strainer solely by the amount of solids 
it retains.
 

Generally, the sludge separating centri-
fuges discharge the aqueous phase from 
crude oil continuously and may discharge 
solids either continuously or intermittently.  
The discharged aqueous phase contains be-
tween 70% and 90% of the non-oily solids 
of crude oil.  Half of the solids are dissolved 
and the rest is in suspension.

 Three sludge separating centrifuges were 
studied at Mongana:

• titan centrifuge – bowl with plates – 
intermittent and automatic discharge 
of solids;

• werkspoor centrifuge – bowl with 
plates – continuous discharge of sedi-
ments; and

• stork centrifuge – bowl without plates 
– continuous discharge of sediments. 

 
The capacity of the above centrifuges 

ranges from 2.5 to 12 t hr-1 according to the 
type of machine and the composition of 
crude oil.

Titan Centrifuge

The frequency of bowl discharging is 
contingent upon the NOS content of crude 
oil and more particularly upon the amount 
of sediments carried away in the aqueous 
phase.  That amount is directly related to 
the ability of crude oil to retain suspended 
solids.  Fibre and large lumps of cellular de-
bris do not remain in suspension when sub-
jected to powerful centrifugal force.  In the 
case of cellular debris of small dimension, 
there seems to be an optimum concentration 
to keep them in suspension.
 
 In order to increase the proportion of 
NOS removable by the aqueous phase, the 
following procedures were tried:

• increasing the proportion of soluble 
NOS;

• increasing the viscosity of the aqueous 
phase discharge; and

• removal of a portion of the sediments 
at the periphery of the bowl.

A larger proportion of the sediments can 
be solubilized by boiling the crude oil.  This 
question is discussed in another section.  
The increase in viscosity of crude oil can eas-
ily be achieved in the laboratory by addition 
of CMC (carboxy-methyl-cellulose), but at 
industrial scale, the process was found to be 
in effective. 

Feature Article



PALM OIL ENGINEERING BULLETIN NO. 86�0

Feature Article

At the rate of 1% and at 100°C, CMC ex-
erts a marked effect but the cost is very high.  
A concentration of 0.1%, CMC still signifi-
cantly modifies the viscosity but it is too low 
to prevent the separation of sediments un-
der the effect of a large centrifugal force.

The continuous removal of a portion of 
the sediments can be achieved by a series 
of nozzles fitted at the bowl periphery.  The 
process is not very effective and the capacity 
of the machine is reduced.

Based on   results from tests carried out 
with  centrifuge, difficulties can be forecast 
when using it for crude oil having a high 
sand content.  When the sediments are force-

fully expelled from the bowl at the time of 
the discharge, a marked abrasive action oc-
curs.

The use of that machine is justified for 
liquids with low impurities content when 
the sediments can be discharged infrequent-
ly.  Moreover, through a simple change of 
the bowl plates, the machine can be convert-
ed into a purifier.  Because of the automatic 
cleaning, the converted machine possesses a 
marked advantage over other types of bowl 
centrifuge in which sediments accumulate 
in the bowl.  The quality of the oil treated in 
that type of machine is quite comparable to 
that of oil treated in conventional purifiers. 
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