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Improving Membrane Performance in Tangential Flow Filtration by Reducing Its
Clogging using Automatic Controller System
PRESSLY ANAK MATTHEW
Programme of Resource Biotechnology
Faculty of Science and Resource Technology
University Malaysia Sarawak

ABSTRACT

The discharge sago effluents produceharmful effect to the environment. Hence, the treatment of the sago
effluent under microfiltration (MF) process is necessary to reduce the impact to the biodiversity. The
treatment for sago effluent can be done by using Tangential Filtration Flow system (TFF). However,
clogging is the drawback factor. The main agenda for this project is to minimise the clogging and, therefore,
increase the life-span of the membrane by using automated controller system. Besides, reduction in
maintenance cost of the complete system for the treatment of the sago effluent is achieved. The effectiveness
of this process is evaluated by the trans-membrane pressure (TMP) and permeate flux rate(L/h/m2).
Keywords: Sago effluent, Microfiltration (MF), Tangential Flow Filtration (TFF) system, Clogging, and
Automated controller system.

ABSTRAK
Effluen sagu memberi kesan berbahaya kepada alam sekitar. Oleh itu, rawatan efluen sagu adalah penting
untuk mengurangkan impak terhadap biodiversiti. Tujuan projek ini adalah untuk mengurangkan impak
efluen sagu dengan menggunakan sistem penapisan mikro yang merupakan tangen Aliran Penapisan (TFF)
sistem. Walau bagaimanapun proses penapisan mikro mempunyai masalah penapis tersumbat dengan zarah.
Oleh itu, agenda utama projek ini adalah untuk mengurangkan masalah sumbat dengan menggunakan sistem
kawalan automatik. Hal ini demikian untuk mengurangkan kos penyelenggaraan keseluruhan sistem semasa
rawatan efluen sagu. Keberkesanan proses ini dinilai oleh tekanan (TMP) membran dan tahap COD dengan
menggunakan model.
Kata kunci: Efluen Sagu, Penapisan mikro, Sistem aliran penapisan tangen (TFF), Sumbat, Prototaip
pengawal automatic.
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1. INTRODUCTION

1.1

Background of study

The total export of the sago starch throughout in the year 2012 is total of RM 86, 980, 92,
and there are 55,437 hectares of sago plantation area (Department Of Agriculture
Malaysia, 2014). The increased production of sago starch, however, lead to the water
pollution as the sago effluent from sago mill was discharge to a nearby riverbank. 22 tons
of wastewater with high organic compound is discharge every year from sago mills all over
the worlds. The discharge sago effluent give harmful effects to the surrounding
environment (Ramesh and Nagarajan, (2013); Lenin, Kumar, and Mycin, (2014)).
Therefore, treatment of the sago effluent is important to reduce the impact to the
biodiversity. MF system wasused to clean the sago effluent by using Tangential Filtration
Flow (TFF) system. However, MF membrane clogging is the drawback of the TFF system.
Membrane fouling distress the whole cleaning process as reported in some experiments
(Baker, (2000);Liuet al., (2001);Drews,(2010);Middlewood and Carson, (2012)). The
agenda for this project was to employ the automated controller system in the TFF system
for the treatment of sago effluents.

The clogging of the TFF system was revealed at the polyethersulfone membrane
cassette (PES). Clogging significantly affects the membrane performance and led to poor
clarificationof the sago effluents. Previously, the membrane was clean using manual
techniques. The cleaning processwasmade by reversing the PES membrane cassette after a
period of the MFprocess (Middlewood and Carson, 2012). However, the weakness of the
manual cleaning process is time consuming, lengthy and has no precise timing of cleaning
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PES membrane cassette. Hence, an automatic controller prototype wasused in the TFF
system.

In the beginning, a sago effluent was selected in the MFprocess for the TFF system.
However due to the limited resource of the sago effluents, a 2% w/v of sago starch in 50
litres of water was selected to correspond to the real sago effluents from sago mills. The
model solution treatment need lot of feed solution, therefore, continuous supply of the sago
starch is important. The TFF system is customized with the incorporation of an automatic
controller system during the MF process. The full diagram before and after the TFF
modification is enclosed in theappendix part (Appendix A).

Overall, automated controller system was equipped with a Programmable Logic
Controller (PLC) to control the forward flush and backward flush of the TFF system. The
PLC function issimilar to a relay that is an electrically operated switch. The PLC program
has a specific timing of the electrical supply to feed pump for a forward flow and permeate
pump for backward flow. In this design, the feed pump was set up to operate 15 minutes
forward flow and 1 minute for the backward flow for the TFF system. On the other hand,
the PLC automatically controlled the opening and closing of the valves for the TFF system
during forward flow and backward flow.

Before any treatments were conducted, a pre-treatment of the sago starch was
recommended to removed the big particles of fibres. The model solution wasfiltered with
the hand-made nylons fabric cloth with 2 different pore diameters at 100mesh (0.154µm)
and 200 mesh (0.74µm) each. This uniquenylon cloth is commercially available in the
market to filter larger size components. Besides it also reported as low cost method in
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wastewatertreatment (Kisoet al, (2000);Fuchset al., (2005);Wanget al., (2006). It can
separate the larger components such as fibres from the model sago starch solution. Hence,
with this pre-treatment, the probability of membrane fouling is significantly reduced.

Lastly, the project is evaluate according to performance of the permeate flux rate
(L/h/m2) and TMP reading (mPa). The statistics analysis study between the conducted
treatments with the parameter of different surface area of MF was investigated at the end
of this project.

1.2 Problem statements
 The discharge of sago effluents from sago mills without proper treatment is damaging
the environment.
 The drawback of TFF system is membrane fouling.
 To test the null hypothesis (permeate flux rate and the surface of the MFarea is
significantdifferent or not)

1.3 Objective
 A treatment of model sago starch solution that corresponds to real sago effluents in MF
by using TFF system was significant.
 To clean the membranes using back-flush technique.
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2.0 LITERATURE REVIEW

2.1 Sago Palm. MetroxylanSaguRottb
The sago palm is well known as one of the humankind’s oldest food plants, and they may
be the earliest of the plant that have reached western dates back to the 18th century (Ave,
1977). The same goes to the South-East Asia, and this sago starch is the staple food for its
population. The trunk contains starch, which used by the plant as a reserved food for
flowering and fruiting (Flach, 1997). The word sago is originally Javanese and which
define as a starch that contain palm pith. The MetroxylansaguRottb species are both
hapaxanthic (once-flowering) and soporiferous (suckering) (Flach, 1997). These properties
allow the sago palm to contain large amounts of starch and continue to grow even after
harvesting the trunk starch. Therefore, its vernacular English name is ‘‘true sago palm’’, in
French, sagoutierand German, Sagopalme.

2.2 Productivity of sago palm industry in Malaysia

The sago palm is important to Malaysia agriculture industry especially in Sarawak.
Sarawak is the world biggest producer and exporter of sago starch by a total 50,965 tons in
2011 (Department Of Agriculture Malaysia,2014). The largest sago planting area which in
Malaysia is situated at Mukah as 50% sago starch is produced.

2.3 Sago Pith waste

A single sago starch processing mill produced 7 tons of sago pith waste daily (Bujang, K.
B., Apun, K. and Salleh, M. A., 1996). This waste residue from the sago mill is discharged
into the nearby streams or rivers cause anenvironmental problem (Ramesh and Nagarajan,
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2013; Dubey, 2006). This waste water from the sago mills contains high carbon to nitrogen
ratio (105:0:12) (Phang, S. M., Miah, M. S., Yeoh, B. G., &Hashim, M. A., 2000). The
wastewater contains high organic material (hampas), which lead to high chemical oxygen
demand (COD) and biological oxygen demand (BOD). The effluent generated by the sago
industry becomes one of the serious contaminations of the nearby rivers.

2.4

Flux rate (L/m2/h)

Flux rate can define as a water rate flow across the surface at a specific time. The
nomenclature below follows EPA's Membrane Filtration Guidance Manual(U.S. EPA,
2005). Theflux, (J) is the flow rate offiltrateand the water passing through the membrane
per unit area of the membrane.

Eq. 1: Flux rate

Where:
J

= flux, L/h/m2

Qp

= filtrate flow rate through membrane, L/h

Am

= surface area of membrane (PES cassette surface area), m2

The flux rate of permeate in the TFF system,in L/h/m2,is standardized and use globally
around the world.
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2.5

Tangential flow filtration system

In this project, Tangential Flow Filtration (TFF) system from the Pall Corporation
wasused. This system consists of a feed and retentate tank, and filtrate tank. The system
allows the model solution containing specific particles across tangentially at surface of the
polyethersulfone(PES) filter membrane. The fluid mixture that contains the clean water
flow to the filtrate tank meanwhile the fluid media flow to the retentate tank. The filtration
area expanded from 0.1 m2 to 0.3 m2 just by simply adding the membrane up to 5 cassettes
at one time (Pall Corporation USA,2014).

(a)

(b)

Figure 1: (a) The TFF system with a pump, feed tank and permeate tank. (b) The PES holder cassette
arrangement and three manometer.
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2.5.1 Merchanism of TFF system

TFF is also calledas cross-flow filtration (Schwartz, L., and Seeley, K., 2002). The TFF
system allows the feed solution pass parallel to the filter surface as one part of the solution
pass through the filter surface (permeate) while the remainder (retentate) was pumped back
to the feed reservoir. In the normal TFF process, the feed flows in tangentially along the
membrane channel and pass through the filter membrane as illustrated in figure 2. The
PES membrane pores filters only allow smaller particles below 0.45um and prevent bigger
particles to pass through the pore. The bigger particles are released out from the membrane
channel together with the water and called as retentate. This retentate consists of high
concentration of bigger particles of molecules.

Figure 2: The incoming feed become retentate (with bigger particles) and permeate (smaller particles)
upon the filtration.
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2.6

Membrane Fouling

The drawback of TFF system is the membrane fouling. A PES membrane was
common to accumulate solutes from the fluid mixture that were filtered. The accumulation
of these solutes creates a layer of solutes on the filtration membrane (Liuet al,2001). This
layer is due to the tendency of the solutes to block, or clog, the pores of the membrane
(Akamatsuet al,2010). Hence, the TMPwas increase and the flow of the feed solution was
decreased through the filtration membrane (Middlewoodet al,2012). The membrane
fouling affects the performance of model solution treatment.Figure 3 show the types of the
membrane fouling mechanisms.

Figure 3: The particles clogged inside the pore (a), the build up a layer of cake deposition, (b).
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3.0 MATERIALS AND METHODS
3.1

3.2

Material


50 litre of 2 % w/v of sago solution



Specialized nylon fabric with 100 mesh (150µm) and 200 mesh (74µm)diameter



5 tank with volume of 50 litre



2 Peristaltic pump Master flex I/P pump head 77601-10 (115/230 VAC)



Automated controller system



CentramateTM&Centramate PE Lab TFF Systems



(PES) Polyethersufone membrane cassettes with surface area0.09 m2



An hydrolyser machine with stirred at capacity of 60 liter

Pre-treatment

The sago solution is pre-filtered by using a specialized fabric with the diameter of 100
meshes (150 µm) and followed with 200 mesh (74µm). The nylon fabric membrane was
designed to separate the fibre matter from the sago suspension. This step was essential to
prevent the clogging of the PES cassette with others fine fibre particles especially the fibre
and sand.

Figure 4: (a) illustrated the 100mesh and 200 mesh fabric. (b) Is the under microscopic image (4.0 x 0.25
mm) of 100 mesh.
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3.3

Cleaning of the PES membrane

The PES membrane was soaked in the 0.2 % of the sodium hydroxide. The solution was
reheated up to 60 ºC every 24 hour.This purpose wastomaintain the membrane
permeability and recover it from any particle or residue that might attach to the surface.
PES membrane is also mechanically clean by the flushing of the running tap water. The
soaked PES membrane is shown in the figure 5.

Figure 5: The PES cassettes membrane was soaked in 0.2 % of sodium hydroxide solution

3.4

Preparation of model solution

The model solution is prepared by using sago powder from the Hersen Sago industries Sdn
Bhd. In this experiment, 50 litres of 2% sago starch solution(1kg) prepared by mixed it
with clean tap water(49L). The sago starch solution represents the actual sago effluents as
a model solution. First, the tap water was cleaned and filtered by the PES membrane before
mixed together with the sago. Thiswas to make sure that the tap water was clean from any
residues that interfere with the membrane performance
11

3.5 The experimental design

Five commercial membranes of molecular weight cut-offs (MWCO) between 45 kDa (0.45
µm pore size) were used in this experiment. These membranes are flat sheets in a cassette
open channel configuration. The PES cassette membrane was shown on figure 6. The
membrane coats are made of the polyethersulfone(PES), and membrane surface area was
0.09m2 (Pall Cooperation USA, 2014). The main filtration apparatus composed of a bath
holder with a maximum volume of 5dm3which equivalent to 5 cassettes at one time.Figure
7 shows 3 different arrangements of the PES cassette membrane on the bath holder. A
piston diaphragm pump, a filtration cartridge and pressure gauges for feed and
retentatewere set up for the project. The overall view for the project was shown on figure
8.The centramate tangential filtration flow system were set up with two peristaltic pump
Master flex I/P precision brushless pump system with Easy-Load pump head 77601-10
(115/230 VAC). Both pumps provide a maximum of 8 LPM capacity.

Figure 6: The picture illustrated the PES cassette membrane on how the feed flow in and flow out
from the TFF system.
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Figure 7: The 3 treatment is varying by adding the PES membrane which responsible in increasing in the MF
surface area. (a):0.1m2 ; (b) : 0.2m2 (c) 0.3 m2

Figure 8: The modification of TFF system with the automated controller system
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3.6

Statistical Analysis

All the data obtained were calculated for the mean and standard deviation. The mean of the
data is compared using one-way analysis of variance (ANOVA) to test the significant
differences (p = 0.05) between 3 treatments. The suggested p-value is 0.05 and any less
value than that areconsidered significant. Significant data was analysed with F-distribution
to compare means between treatments. Significant difference is obtained if the p-value is
less than 0.05. The ANOVA test is chosen due to the triplicate reading of each experiment.
All the data analysis is conducted using Analysis Tool-pack Microsoft Excel 2007.
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4.0 RESULT AND DISCCUSION

4.1 Control experiment

The aim of this controlexperiment was to calibrate the permeate flux rate for all 3
treatments for the next procedure of the project. The experiment was investigated by using
water as medium solution. The manipulated variables for the 3 treatments were the MF
surface area of the PES cassette membrane and the pump power capacity. The experiment
was started with different MF surface area of0.1 m2, 0.2m2, and 0.3m2 by onlyadding the
PES membrane cassette. At the same time, all 3 types of MF surface area were tested with
different range of pump power capacity ranging from 10%, 20%, 30%… up to 90%. Below
is the result obtained from the control experiment in order to identify the constant permeate
flux rate for the treatment. The results were shown in thetable 1 and illustrated in graph 1.

Table 1 : The effect of pump capacity against different MFsurface area of PES membrane

1st Experiment with 1
PES membrane
(0.1 m2)
Pump
capacity %
10
20
30
40
50
60
70
80
90

2nd Experiment with 2
PES membrane
(0.2 m2)

3rd Experiment with 3
PES membrane
(0.3 m2 )

Permeate flux rate (L/h/m2)
265
420
626
738
824
894
1009
1112
1176

148
160
225
254
357
415
493
579
638

15

105
150
144
193
243
282
330
381
445

The calibration of the permeate flux rate among 3
treatments
1300
1200
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1100
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800

0.3

700
600
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Graph 1:Calibration of the pump capacity using 1, 2, and 3 cassettes membranes.

From the data of the controlled experiments, a control flux rate was identified. In
this project, a flux rate of 300 L/H/m2 was chosen for all treatments. The constant permeate
flux rate was employed for all treatments with the sago model solution. This was to ensure
that no changes of the permeate flux rate occurred attheinitial time of cleaning process. To
employ this constant flux rate, the pump capacity for the 1st treatment was set at 15%, 2nd
treatment was set at 45% and 3rd treatment was set at 65%. This was done by adjusting the
pump power controller.
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Table 2: The pump capacity is varying according to the MF surface area in order to achieve constant flux
rate.

MFarea (m2)

Experiment

0.1

1 PES cassette membrane

Pump capacity
Requirement (%)
15%

0.2

2 PES cassette membrane

45%

0.3

3 PES cassette membrane

65%

From the table 2 above, the pump capacity wassethigher as the MF surface area
increased by adding the PES cassette membrane. This was due to the higher pump capacity
needed to overcome the wider surface area of the PES cassette membrane in order to
produce the same permeate flow. Here, more kinetic energy was requiredfor the medium to
pass through the large PES membrane at a given specific time.In vice versa, smaller
surface area only required low pump capacity to achieve the constant flux rate.The
experiment with 0.2m2 MF surface area required 15 % of the total pump power capacity to
produce permeate flux rate at 300 L/h/m2. In order to maintain the water flow rate constant
for all treatments, the pump capacity was set according to the MF surface area. Smaller MF
surface area required lower power pump capacity as the water can flow at a constant rate
without much resistance (MF surface area). Meanwhile, larger surface area provided more
resistance to the water flow. Hence, more kinetic energy wasneeded. This was done by
increasing the pump power capacity.

However, in 0.3m2MFsurface area, the surface area was large and offered more
resistance for the water to pass through. As a result, the water flow ratewasdecreased, and
more kinetic energy was required for the water to achieve the permeate flux rate
of300L/h/m2. According to Saxenaet al.(2009), higher permeateflux rate can be attained
by applying ahigher voltage to allow the pump cycle increase at short time.
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