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Abstract

In Sabah, Malaysia, there are still high probability of limited clean water access in
rural area and disaster site. Few villages had been affected in Pitas due to
improper road access, thus building a water treatment plant there might not be
feasible. Recently, Kundasang area had been affected by earthquake that caused
water disruption to its people due to the damage in the underground pipes and
water tanks. It has been known that membrane technology brought ease in making
mobile water treatment system that can be transported to rural or disaster area. In
this study, hollow fiber membrane used in a mobile water treatment system due to
compact and ease setup. Hollow fiber membrane was fabricated into small
module at 15 and 30 fibers to suit the mobile water treatment system for potable
water production of at least 80 L/day per operation. The effects of transmembrane
pressure (TMP) and feed water temperature were investigated. It was found that
permeate flux increases by more than 96% for both 15 and 30 fiber bundles with
increasing pressure in the range of 0.25 to 3.0 bar but dropped when the pressure
reached maximum. Lower temperature of 17 to 18°C increase the water viscosity
by 15% from normal temperature of water at 24°C, making the permeate flux
decreases. The fabricated modules effectively removed 96% turbidity of the
surface water sample tested.
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1. Introduction

Access to clean water sources has been limited in rural area and disaster sites. In
rural area, limited soil ground might unable a water treatment plant to be build. In
addition to that, conventional water treatment system are not suitable and
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economical for application in rural areas [1]. Furthermore, rural area such as
Pitas, Sabah has no proper roadway in and out. Therefore, providing clean water
via modular water truck is costly, if not difficult.

Fortunately, water treatment system can be compacted into a smaller size
unit. In Bangladesh, a team of researchers developed water treatment unit
coupled with bicycle pumping system to provide clean water supply from tube
well [2]. There are others in different forms too [3-4]. Innovation of compact
water treatment system with mobility as shown by [4] brings the water
treatment to another level of convenience where such system can be easily
brought to any natural water source i.e. river and lake while being able to
provide clean water to a group of people. Interestingly, most of these
innovations are utilising membrane as the main filter media to treat water. This
is due to its effectiveness and easy to use feature.

As water treatment filter media, membrane has shown potential in treating
surface water, groundwater as well as seawater. With highest packing density,
ease of backwashing, and compact design [5-6], hollow fiber membrane is a good
choice for mobile water treatment system. Hollow fiber has becoming favourite
choice amongst membrane configuration due to its large membrane per module
unit volume, which yield in higher productivity [7-9]. These researchers also
added that such advantage results in hollow fiber to be self-supporting
mechanically which leads to good flexibility together with easy handling during
fabrication and operation.

Application of appropriate operating parameters plays critical role in
membrane processes [10-12] where operating parameters such as pressure and
temperature influence the changes in membrane permeate flux throughout the
operation [12-13]. Wang et al. [10] added that polymeric membrane tend to
react to any changes in temperature as it can be more sensitive to temperature
while Wu et al. [14] found that retention of contaminants in feed water
decreased with pressure increment. Hence, knowing the effect of operating
conditions could also help in reducing effect of fouling in a membrane water
treatment system [15].

The objective of this study is to design and developed an ultrafiltration hollow
fiber (UF-HF) membrane module for application in a mobile water treatment
system. Packing density is a predominant parameter of membrane module design
[16] and as mentioned earlier, hollow fiber is well-known for its high packing
density. Nevertheless, Giinther et al. [17] reported that hollow fiber module with
high packing density has disadvantages where mass transfer and permeate flow in
the module can become limited. Thus, this study aimed to develop membrane
module with moderately lower packing density.

Mobile water treatment system in the scope of this study is defined as a
transportable with ease to deploy, stand alone, low cost and easy to use by its
user. To accommodate such application, the UF-HF membrane module was
designed in small-scaled consisted of maximum 30 fibers per bundle. The paper
investigates the effects of transmembrane pressure (TMP) and feed water
temperature (FWT) on the UF-HF membrane permeate flux performance for
application in surface water treatment.
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2. Materials and Methods

The following subsections will provide the details of the characterization methods
used to determine surface water characteristics as well as procedures employed to
prepare hollow fiber module for water filtration experiments under two different
variables, i.e., transmembrane pressure (TMP) and feed water temperature (FWT).

2.1.Feed water

Synthetic feed water was prepared by diluting 16L of actual surface water
obtained from lake in Faculty of Science and Natural Resources, Universiti
Malaysia Sabah (GPS coordinate 6.031232, 116.121209). The feed water
turbidity was measured by using HACH 2100AN Turbidimeter and found to be in
the range of 14 to 15 NTU. A portable measuring device (HANNA HI 9811-5)
was used to monitor the feed water temperature throughout the experiments.

2.2. Hollow fiber membrane module

The hollow fiber membrane was obtained commercially (country of origin: China)
with specifications given by the supplier as shown in Table 1. Two bundles of 15
and 30 fiber of hollow fiber membrane were introduced into PVC tube of 1.5 cm
diameter and 30 cm length. Both sides of modules were potted using epoxy resin
with one closed end and one opened end. The modules were developed in a cross-
flow mode configuration as shown in Fig. 1. The effective areas for both modules in
correspondence to the number of fibers per bundle were as calculated as 0.0153 m?
and 0.0305 m? for 15 and 30 fibers per bundle, respectively.

Table 1. Properties of hollow fiber membrane module
obtained from commercial 10-inch hollow fiber ultrafiltration filter.

Material Polyvinylidene fluoride (PVDF)
Fiber diameter (O.D/1.D) 1.35 mm/0.7 mm

Nominal MWCO 120 kDa

Filtration mode Outside-in

Operating temperature 510 40°C

Operating pressure 0.2 to 1.5 bar

2.3. Water filtration experimental setup

The UF-HF membrane module was then incorporated into a custom made
laboratory scale membrane testing rig as illustrated in Fig. 2, one module at a
time. Before the experiments were started with synthetic feed water, pure water
permeation (PWP) procedure was conducted for both of the module to determine
the initial membrane resistance, R,

Feed water is pumped from feed water tank with the booster pump (KEMFLO
Booster Pump) at constant feed flow rate of 1 L/min. Permeate water was collected
at the permeate tank and measured on a mass balance (Mettler Toledo PB3002-S)
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within a constant filtration run time. Throughout the filtration run, transmembrane
pressure (TMP) was monitored using a pressure gauge (YN-40ZT).

Feed inlet

Permeate outlet

MEMBRANE PRESSURE - —
MODULE GAUGE
- - A
I ;
PERMEATE BOOSTER PUMP FEED WATER
TANK WITH ADAPTER TANK

Fig. 2. Schematic diagram of water filtration system.

2.4.Performance analysis of membrane water treatment system

Membrane permeate flux has been used to characterise the productivity of
membrane filtration system [18]. It can also be referred to as the membrane
permeability. It has been used in previous studies as membrane operational
performance indicator [15, 19-21].

The permeate flux, J can be calculated by using Darcy-Weisbach and Hagen-
Poiseulle equations as follows:

J=32 M
AP
)= Goxro e

where Q, is the permeate flow rate (L/h), Ay, is the effective area of membrane
bundle (m?), AP is the transmembrane pressure (bar), p is dynamic water
viscosity (N.s/m?) and R; is the total resistance (m™).
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3. Results and Discussion

From the PWP procedure conducted, the initial membrane resistance determined
were 2.47x10" m? and 1.84x10* m™ for 15 and 30 fibers bundle (f.b),
respectively. It was also calculated that the packing densities for both modules
were 12.15% (15 f.b) and 24.31% (30 f.b). The membrane permeates flux in
correspondence to varying TMP and FWT is shown in Figs. 3 and 4.

From Fig. 3, permeate fluxes for both modules increase linearly with TMP.
The optimum TMP for both modules was obtained at range of 2.8 to 3.2 bar.
Module with 15 fiber bundle (f.b) recorded permeate flux of 100 to 120 L/m?h
while the flux doubled for 30 f.b with 180 to 200 L/m°h. These ranges of
permeate flux obtained are in accordance with other work [22]. The difference in
values shown that number of fiber influenced the membrane permeation flux.
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Fig. 3. Effect of TMP on UF-HF membrane permeate flux.

The permeation by both UF-HF modules obeyed the Darcy’s Law [23-24]
where this linear relationship shown that permeate flux is dependent solely on
membrane resistance under such low pressure (0 to 2 bar). When TMP reached
approximately 3.4 bar, the permeate fluxes started to decline. These declinations
indicated that the limit of Darcy’s Law has been surpassed where membrane
resistance no longer affects the permeation fluxes. Since the manufacturer has
suggested maximum operating TMP of 1.5 bar (Table 1), TMP of 3.0 bar and
above is considered high for the hollow fiber membrane used. Thus, it is highly
possible that the permeate flux decreases due to densification of membrane [25]
as well as compaction of deposit layer on the membrane surface [26-27].

Furthermore, declination of permeate flux after TMP reached 3.4 bar could be
caused by few other factors such as mass transfer condition at the fiber lumen and
hydrophobic nature of the membrane material [28-29]. The latter factor then leads
to concentration polarisation due to absorption of particles other than water. As
occurrence of concentration polarization increased, water permeability into the
membrane reduces due to additional resistance at the membrane surface [28, 30].
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It is clear from Fig. 3 that while TMP drives the clean water particles into the
membrane, number of fiber also influenced the permeate flux. Module with 30 f.b
has 96% higher permeate flux compared to 15 f.b. Within and outside of the
Darcy’s law region, the more fiber in a bundle, the higher is the permeate flux
obtained for the same range of TMP. This shown that number of fiber in a bundle
facilitates the rate of permeation.

For FWT effect, the results obtained in Fig. 4 revealed that permeation flux
reduces with decreasing temperature. This is supported by [31] where it was
found that regardless of the feed water quality, increased temperature increases
the permeate flux. In this study, permeate flux of 30 f.b dropped significantly by
19.2% for feed water temperature drop from 30 to 18°C. Compared to that,
module with 15 f.b dropped rather steadily with only 6.6% changes within the
same temperature range.

165
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32 27 22 17
Feed Water Temperature ("C)

Fig. 4. Effect of FWT on UF-HF membrane permeate flux.

It is worth to note that PVDF UF membrane is a thermally stable [32]. Hence,
the membrane properties have less or no influence on the permeate flux in this
work. This is confirmed again in this study where there was almost no difference
for permeation at 22°C and 25°C for 15 f.b module.

The dropping effect could be attributed to the momentum and energy of water
which reduces as temperature drops due to velocity of water molecule Brownian
motion [33], thus reducing its ability to pass through the membrane layer. Even so,
high temperature does not necessarily increase the permeation flux because low
mass transfer coefficient could cause higher possibility of fouling occurrence [34].
Therefore, it is found that even though the membrane is thermally-stable, the feed
water temperature still affected the permeate flux.

The quality of treated (permeate) water is shown in Fig. 5 as compared to its
initial quality in terms of turbidity. From these comparisons, it can be said that the
fabricated UF-HF membrane modules with both 15 and 30 fiber per bundle were
able to perform well with turbidity removal of 96.5 + 0.3%.
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Fig. 5. Quality of feed and permeate water
filtered using the fabricated UF-HF modules.

4. Conclusions

The influence of pressure and temperature in operating the custom made small-scale
ultrafiltration hollow fiber (UF-HF) membrane modules were successfully
evaluated. This work concluded that;

e The permeation fluxes by both 15 and 30 fiber bundles were dependent on the
membrane resistance until the transmembrane pressure reached 3.4 bar.

¢ It was found that the optimum transmembrane pressure for the modules is 2.8
to 3.2 bar that produced permeate flux at range 0f100 to 120 L/m?h for 15 fiber
bundle and 180 to 200 L/m*h for 30 fiber bundle. This range of permeate flux
obtained were within the range recommended for membrane process in water
treatment system.

o The effect of feed water temperature was also studied. Lower temperature of 18
to 22°C reduces the permeation flux.

e The ultrafiltration hollow fiber membrane modules were able to produce
permeate at higher temperature of 27 to 30°C due to the thermal stability
property of polyvinyl difluoride (PVVDF) as its material.

e The fabricated UF-HF membrane modules were able to remove up to 96% of
turbidity from the feed water.
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