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Introduction

Palm oil industry has been the bread
and butter of Malaysian industry ever since
palm tree was brought into the country in the
1960’s. The fast growth of this industry has
made Malaysia to be the largest producer of
palm oil for many years. Palm tree is easily
grown in tropical climate countries. Hence,
the profitable industry has been adopted by
neighboring countries such as Thailand,
Indonesia, Vietnam, Cambodia, as well as
Philippines. Realizing the competitiveness of
the industry and the advantages of
neighboring countries with large cultivating
land, much research has been focused on
improving the overall operation of the
industry so as to increase its productivity.

In any chemical and oleochemical
industry, separation processes are of key
importance, whether it is a minor or the main
part of operation. Choosing the best separation
method for the job is crucial to ensure
economic operation. Filtration, for instance, is
a typical solid-liquid separation technique
commonly used in the industry. It is preferred
from other solid-liquid separation techniques
because it offers low investment costs, easy to
scale up, long lifespan of the filters because of
mild  operation  conditions, compact
construction and fast, easy to make
installation, low energy, and low chemical
consumption.

Filtration in the edible/vegetable oil
industry is an important unit operation for the
separation of bleaching earth from the treated
oil. Pressure Leaf Filters are most commonly
used for this purpose. During operation, the
rate of filtration decreases progressively as a
result of filter cake build-up on the surface of
the filter medium. The process comes to an
end when the whole chamber is filled with
solids, normally about 2 % hours (for standard
size filter) after separating 500 kg of solids
from the treated oil. The system requires a
regeneration process, which normally takes
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about 1% hours. The sequence of filtration and
regeneration process is repeated for
approximately two to three weeks. Presently,
there has not been much work focusing on
developing methods to improve the filtration
process. Improvement in the rate of filtration,
for instance, will reduce the operation time,
and hence, increase the productivity. The
present method of knocking or vibrating the
filter leaf is only applicable after the filtration
process is completed, i.e. during the
regeneration of the filter medium. Vibrating or
knocking the filter leaf during the filtration is
not adopted because it may disrupt the whole
formation of the filter cake. This is not
acceptable since in filtration processes, filter
cake is the true medium performing the solid-
liquid separation. Realizing the capability of
high intensity ultrasound in cleaning
processes, the technique was innovated in this
invention to increase the rate of filtration of
leaf filter. High intensity ultrasound in the
solid-liquid suspension would cause the
occurrence of cavitation microbubbles in the
liquid medium. Thus, intermittent application
of ultrasound wave fields within the filtering
chamber will increase the rate of filtration by
disrupting the concentrated layer near the
filter medium, and the cake build-up, and by
creating a more porous filter cake. The
ultrasound cavitation is relatively gentle in
performing the cleaning and the intermittent
application of ultrasound wave fields will
reduce the thickness of the filter cake without
totally destroying it.The cavitation is created
at sites of rarefaction as the liquid fractures or
tears because of the negative pressure of the
sound wave in the liquid. As the wave fronts
pass, the cavitations “bubbles” oscillate under
the influence of positive pressure, eventually
growing to an unstable size. Finally, the
violent collapse of the cavitation "bubbles"
results in implosions, which cause shock
waves to be radiated from the sites of the
collapse. The collapse and implosion of
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myriad cavitation "bubbles" throughout an
ultrasonically activated liquid result in the
effect commonly associated with ultrasonics.
It has been calculated that temperatures in
excess of 10,000°F and pressures in excess of
10,000 psi are generated at the implosion sites
of cavitation bubbles (Mason, 1995). Thereby,
the mechanical effect of ultrasonic energy can
be helpful in displacing particles especially to
decrease the thickness of the cake on the filter
surface. Indirectly, the reduction of the
resistance layer causes and increase in the
filtration rate.In carrying out the invention,
parameters affecting the performance of the

sonicated filtration was successful
investigated. Among the parameters of
concern are the filtration cycle time,

sonication cycle time and the ultrasonic
intensity. An average flux is measured in each
experiment as an indication of effectiveness of
this method in reducing the filter fouling.
Results from the study showed that an
increase in filtration rate of up to 80% was
achieved with this method.

Materials and methods

Equipment Design

One lab scale filter leaf module was
developed based on the commercial design as
illustrated in Figure 1.0. Transducers (40 kHz,
500 W) was supplied by Crest Ultrasonic (M)
Sdn. Bhd were attached on each side of the
housing wall facing the filter leaf to transmit
high intensity wave fields inside the filtering
chamber. In the filter chamber, a stainless
steel filter leaf was placed at the centre of the
chamber, where solids particle were retained
on the surface of the filter leaf while the liquid
filtrate passed through during the filtration
process. Referring to figure 1.0, the filtration
process started when the liquid suspension
was delivered into the filtering chamber by
using a pump. The flowrate of the suspensions
entering the filtration module was controlled
by a pair of valves.
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FIGURE 1 Schematic diagram of the experimental
setup for Niagara Leaf Filter

The filter used in the work was made of
stainless steel (figure 2). The rig was designed
to accommodate the application of high power
ultrasound wave fields intermittently during
the filtration process.

FIGURE 2 The lab scale design of Niagara Leaf
Filter

Design of the Research Work

In order to achieve the objective
and the scope of the research, the study
was focused on the investigation of the
ultrasonic effect on the filtration of
bleaching earth suspended in RBD palm
oil. In order to observe the ultrasonic
effect, baseline or the reference conditions
ought to be established. Thus, a series of
non-sonicated filtration experiment was
conducted to establish the general pattern
of the filtration rate as a function of
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filtration time. Filtration experiment was
then conducted with the presence of
ultrasonic wave fields, with various
settings of ultrasonic parameters. A
summary of the operating conditions of
the experiment is as shown in Table 1.0.

TABLE 1.0 A summary of the operating
conditions of the experiments

Variables Conditions
1) Power (W) 500
2) Frequency (Hz) 40000

3) Operating Pressure
(bar)

4) Operating
Temperature

5) Concentration (g/1) | 10

6) Time Ratio 48,,88,128S:5F,

8F,10F, 12F

4 bar (constant)

27°C

Experimental method to determine the
effectiveness of in-situ ultrasonic assisted
system in increasing the rate of filtration.

In order to carry out this stage of
experiment,  parameters  affecting  the
effectiveness of the in-situ ultrasonic cleaning
system were varied. Among the important
parameters of concern are the ratio of
sonicated and un-sonicated filtration time. The
behavior of the filtration rate corresponding to
the operating conditions, as a function of time,
was examined. The degree of flux
enhancement was determined by comparing
the baseline curve with the curve generated
from the ultrasound assisted filtration. The
steps in performing the ultrasonic assisted
filtration experiment were similar to the ones
performed in establishing the baseline curve,
except for some additional steps. Firstly, the
ultrasonic  wave field was  supplied
intermittently for a specified interval after a
specified un-sonicated filtration interval. The
combinations of sonicated and un-sonicated
filtration intervals investigated in this study
are as shown in table 2.0 below:
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TABLE 2.0 Combinations of sonicated and un-
sonicated filtration intervals

Un-
sonicated
filtration

interval
(minute)

Sonicated filtration interval
(minute)

5

8

10

12

In the filtration process, pre-coating of the
filter leaf was required, similar to the common
practice adopted in the industries, to ensure a
clear filtrate. Based on trial runs in the
laboratory and the typical pre-coating duration
in the industries, a ten minute pre-coating time
has been adopted throughout this study and
was considered sufficient to produce a clear
filtrate. Thus, the filtration time started after
pre-coating has been achieved.

RESULTS AND DISCUSSION

Experimental data for Baseline
determination

Figure 3.0 shows the typical curve of
filtrate flux as a function of filtration time in
the separation of activated clay from RBD oil
using a simulated pressure leaf filter module.
For duration of 90 minutes, in general, the
curve shows a declining trend throughout the
filtration process, indicating the continuous
build-up of particulates onto the filtering
medium. The first 10 minutes of filtration
showed a slow decline of filtrate flux (marked
as zone 1 in Figure 3.0). This indicates the
stage of steady formation of cake on the
surface of filter medium. As the formation of
the initial cake layer has been completed, the
filtrate flux began to decrease much faster.
This is the zone of cake layer formation in
which the thickness of the cake progressively
thickened as a result of solid depositing on the
filter medium following the flow of filtrate
passing through the filter (indicated as zone 2
in Figure 3.0). As the filtration process
exceeded the 70 minutes filtration time, the
constant dropping rate of filtrate flux
approached a near constant filtrate flux (zone
3). At this stage, theincrease in the cake
thickness showed minimal effect on the
filtrate flux.
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FIGURE 3.0 Typical curve of filtrate flux versus
filtration time in the filtration of Activated Clay
from RBD Oil

The effectiveness of in-situ ultrasonication
in increasing the rate of filtration.

In determining the effectiveness of in-
situ ultrasonication in increasing the rate of
filtration, several parameters affecting the
process were monitored. These include
sonication cycle time, filtration cycle time,
applied pressure and ultrasound intensity.

Effect of sonication cycle time.

In examining the effect of sonication
cycle time on the effectiveness of in-situ
ultrasonication in increasing the rate of
filtration, experiment was initially conducted
to understand the behavior of the filtration as
ultrasound field was applied intermittently.
Figure 3.1 shows the typical curve obtained as
a result of the intermittent ultrasound
application. As can be seen in the figure, the
rate of filtration progressively dropped as the
filtration commenced. This was due to the
accumulation of particulates at the filtering
surface as the suspension was forced through
the filter media. The moment ultrasonic wave
field was applied, the filtration rate showed an
increasing trend. The increment of the
filtration rate was due to the thinning of the
filter cake. The thinning of the filter cake was
performed by the cavitational effect of the
ultrasound field, as illustrated earlier in
chapter two. Another contribution to the
increment of filtration rate was the disruption
of concentrated layer near the filter cake, by
the ultrasound cavitation, which resulted in
the reduction of resistance of the filtrate flow.
The physical action of the ultrasound field did
not totally disrupt the filter cake as minimum
layer of filter cake was required in the
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filtration process. This was concluded from
observing the clarity of the filtrate during
ultrasound application.

When the ultrasound field was
switched off after an interval, the concentrated
layer was almost immediately formed and the
thickness of the filter cake progressively
increased. The implication of these
phenomena was reflected in the decreasing
trend of the filtration rate. The intermittent
application of ultrasound field during the
filtration operation was indicated by the saw
teeth type of curve showed in figure 3.0.
Further analysis of the ultrasound action
during the filtration, was performed by
analyzing the filter cake under Scanning
Electron Microscope (SEM), before and after
ultrasound application. Figures 3.2(a) and
3.2(b) show the structure of filter cake before
and after ultrasound application, respectively.
Figure 3.2(a) indicated a dense structure of
filter cake, before application of ultrasound
field. In contrast, a more porous structure of
filter cake was observed in figure 3.2(b), as a
result of the ultrasound cavitation. Thus, it can
also be concluded that the increased porosity
of the filter cake caused by the cavitational
activities was another contributing factor in
increasing the filtration rate of the process. In
addition, the increased porosity of the filter
cake also reduced the impact of the newly
formed
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FIGURE 3.1 Intermittent application of ultrasound
field in filtration process
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FIGURE 3.2 (a): Scanning electron micrograph
(x400) of cake structure after 10 minutes filtration
(before ultrasonication)
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FIGURE 3.2(b): Scanning electron micrograph
(x400) of cake structure after Ultrasonication

filter cake layer during the unsonicated
intervals, thereby minimizing the reduction of
filtration rate. This is observed in figure 3.1 in
which the re-settling of particles after
ultrasound application did not show rapid
drop in the filtration rate. Upon understanding
the ultrasound effect on the filtration process,
the study was further conducted to determine
the optimum sonication cycle time which gave
the best production rate. In order to achieve
this, the sonication interval was varied from 4
to 12 minutes, at constant filtration interval of
5 minutes and at applied pressure of 4 bar and
ultrasound intensity of 0.4844 W/m’ . Figure
3.3 shows the filtrate flux as a function of
filtration time when the ultrasound system
was switched on and off alternately according
to the combination of parameters mentioned
above. The figure shows experimental results
from sonication interval of 4 minutes, 8
minutes and 12 minutes, at a constant
filtration cycle of 5 minutes, respectively. In
the first 10 minutes of filtration, no sonication
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was applied, to ensure a complete formation
of initial filter cake layer.
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FIGURE 3.3 Effect of varying the sonication cycle
time.

As can be seen in the figure, saw teeth type of
curves were observed in all the combination
of parameters. Subscripts ‘f” and ‘s’ represent
the unsonicated and sonicated filtration cycle,
respectively. There were differences in term
of performance, with sonication cycle time of
12 minutes showed the highest increment of
filtration rate, followed by the 8 minutes and
the 4 minutes cycle time, accordingly.
However, with the present curves, there was
difficulty to further examine and discuss the
findings from the experimental results. To
overcome the difficulty, an established
method of three point average was adopted to
treat the experimental data. The method was
used to eliminate/minimize fluctuation in the
experimental data without altering the overall
patent/trend of the curve. The treated data was
tabulated in Appendix A and was plotted in
Figure 3.4 together with the baseline curve as
comparison of performance between the
sonicated and unsonicated filtration process.
As can be seen in figure 3.4, the plotted
curves were smoother, but the overall trend of
the curves remained unchanged. In
comparison to the baseline curve, all the
sonicated experiments showed higher rate of
filtration. The general trend observed in the
figure was the shortening of filtration time to
reach plateau filtration rate as the ultrasonic
cycle time was increased. This phenomenon
indicated the influence of ultrasound field in
arranging the solids particulate during the
formation of cake layer. A longer duration of
sonication cycle time produced more porous
structure of cake layer. Upon switching off the
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ultrasonic field, further settling of particulates
on the

TABLE 3.0 Percentage of flux increment as a
function of sonication cycle time at 5 minutes
filtration cycle time.

5r4s 5r:8s 5¢12s

Experiment

Percent

62.55% | 73.54% J 88.47 %

Increment

Average Graph Flux vs Filtration Time for Experimental 5; : 4,,8,,12,,
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FIGURE 3.4: The effect of varying the sonication
cycle time on the filtration of activated clay in oil
suspension (at filtration cycle time of 5 min).

formed porous cake structure did not greatly
alter the filtration rate, and hence enabling a
higher equilibrium filtration rate. Table 3.0
shows a summary of the percent increment of
filtration rate in comparison to the unsonicated
filtration experiment. The flux increment
varied from 63% to 88% as the sonication
cycle time was varied from 4 minutes to 12
minutes, respectively. The higher flux
increment observed, was consistent with the
experimental expectation, since the increased
sonication cycle time would result in longer
period of particulate dispersion and greater
cake thinning. The degree of flux
improvement as a result of ultrasound
application varies in accordance to the feed
solid concentration. The effect of ultrasound
was more pronounced at lower solid
concentration in comparison to the higher
solid concentration. The lower effectiveness
of ultrasound at higher solid concentration is
due to the higher degree of attenuation of the
sound wave fields. Thus, a reduced sound
energy is allocated for the cleaning of the
filter cake. However, in this study, the solids
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concentration was not varied and was set at 10
g/l. The decision was in accordance to the
common industrial practice in which the
concentration does not exceed 10 g/l. The
effect of sonication cycle time was further
examined by conducting similar set of
experiment, but with combination of filtration
cycle time of 5 minutes, 8 minutes, 10
minutes and 12 minutes. The experimental
flux versus filtration time of each set of
experiment was presented in Figure 3.5 to
Figure 3.7, while the percent flux
improvement was tabulated in Table 3.1 to
Table 3.3, respectively.

Average Graph Flux vs Filtration TimeFor Experimental 8 : 45,85,125
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FIGURE 3.5 The effect of varying the sonication
cycle time on the filtration of activated clay in oil
suspension (at filtration cycle time of 8 min).

TABLE 3.1 Percentage of flux increment as a
function of sonication cycle time at 8 minutes
filtration cycle time.

8f:4s 8f:8s 8f:12s

Experiment

Percent

49.10 %
Increment

62.29% Q 73.42 %

Average Graph Flux vs Filtration Time for Experimental 10; : 4,,8,12

FIGURE 3.6 The effect of varying the sonication
cycle time on the filtration of activated clay in oil
suspension (at filtration cycle time of 10 min).
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FIGURE 3.7 The effect of varying the sonication
cycle time on the filtration of activated clay in oil
suspension (at filtration cycle time of 12 min).

TABLE 3.2 Percentage of flux increment as a
function of sonication cycle time at 10 minutes
filtration cycle time.

Experimentfl 10f:4s 10£:8s 101:12s
Percent § ¢ 450, 0 55.94 % [ 68.31 %
Increment

TABLE 3.3 Percentage of flux increment as a
function of sonication cycle time at 12 minutes
filtration cycle time.

Experiment 1244, 1248, 1212,
Percent | o0, | 0.04% | 9.90%
Increment

As can be seen in the figures, all the results
showed consistencies of flux increment as the
sonication cycle time was increased. The
degree of flux improvement was, on the other
hand, inversely proportional to the filtration
cycle time. Figure 3.8 shows the summary of
the equilibrium flux improvement as a
function of sonication cycle time for all the
investigated filtration cycle time. Performing
least square regression on the data points of all
the sets of filtration cycle time, the derived
equations showed good correlations, with R
values in the range of 0.987 to 0.998 (As
shown in Table 3.4). The good correlations
observed in all the data sets bring to a
conclusion that the data can be represented by
a straight line. Thus, it is suggested that within
the investigated range of sonication cycle
time, the degree of flux improvement is
linearly proportional to the sonication cycle
time. The slopes of the curves range from 2.1
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to 3.1.The slope of the curve is inversely
related to the filtration cycle time (i.e. as the
filtration cycle time is reduced, the steepness
of the slope increases). The highest slope, 3.1,
was recorded when the filtration cycle time
was set at 5 minutes, and conversely, the
lowest slope, 2.1, was recorded when the
filtration cycle time was set at 12 minutes.
Upon close examination of the curves, it was
realized that sonication experiment with
shorter filtration cycle time gave higher
impact on improving the filtration rate. This
phenomenon can be experiential when
comparing the degree of flux increment
between the two extreme, at filtration cycle
time of 5 minutes and 12 minutes. At 12
minutes filtration cycle time, as the sonication
cycle time was increased from 4 minutes to 8
minutes (i.e. 4 minutes increment), the
percentage of flux improvement was increased
from 42.92% to 50.04% (ie. 7.12%
increment). At 5 minutes filtration cycle time,
on the other hand, as the sonication cycle time
was increased from 4 minutes to 8 minutes,
the percentage of flux improvement was
increased from 63.55% to 73.54% (i.e. 9.99%
increment). The highest flux improvement
achieved in this study was 88.47%, attained at
5 minutes filtration cycle time and 12 minutes
sonication cycle time, while the lowest was
42.92%, recorded when the filtration cycle
time was set at 12 minutes and sonication
cycle time was set at 4 minutes.
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FIGURE 3.8 Summary of -equilibrium flux
increment as a function of Sonication Cycle Time
for various Filtration Cycle Time.
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TABLE 3.4 Least square regression data points of
all the sets of filtration cycle time

Filtration
Cycle , R?
Time Equation Value
(min)
R’ =
5 y=3.115x + 50.267 0.9871
R*=
8 y =3.04x +37.283 0.9976
R*=
10 y =2.7325x + 35.04 0.9942
1 y =2.1225x + R’ =
33.973 0.9914
Conclusion

From the study, it can be concluded
that at low filtration cycle time, the cake
developed during the unsonicated cycle was
relatively thin, and since the filtration cycle
time was short, more frequent ultrasonic
cleaning took place. Thus, the thickness of the
filter cake was maintained thin and porous
throughout the filtration process. As a result,
high degree of flux improvement was
observed during short filtration cycle time
experiment. With similar argument, lower
degree of flux improvement observed during
long filtration cycle time experiment, since
relatively thicker cake covering the filter
medium during the filtration.
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Notation
S = Sonication

F = Filtration
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