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Forward osmosis (FO) has recently been considered as one of the promising 

technologies for low energy applications. Factors that influence FO performance are 

draw solution, types of membrane, membrane orientation, cross flow velocity, 

module configuration and temperature effect. In this study, the influence of 

temperature on the performance of FO process has been studied in terms of water 

flux by using raw POME as feed solution. A higher temperature creates a higher 

water fluxes at various draw solution concentrations. Percentages of water flux 

increments for raw POME are between 7% to 9% from 25ºC to 35ºC and 32% to 

75% from 25ºC to 45ºC. 

 

Keywords: Forward Osmosis, POME, temperature, membrane orientation, concentration 

polarization, water flux 

 

INTRODUCTION 

 

Palm oil mill effluent (POME) is a 

brownish acidic liquid that contains high 

concentration of organic matter and has 

been identified as the largest source of 

industrial wastewater pollution in Malaysia 

(Rupani et al. 2010). It is estimated that 

about 0.5 – 0.75 tonnes of POME is 

discharged for every tonne of fresh fruit 

bunch processed (Yacob et al. 2005). 

POME is generated from various zones 

during the palm oil production in the mill 

such as clarification sludge, sterilization 

condensates and fruit washing water, 

hydro cyclone drain-off, boiler blows 

down, reservoir and decanter drain. There 

is a need for an efficient effluent 

management system in the palm oil mill to 

preserve the environment in relation to 

recent goal of zero-discharge by the 

authorities.  Membrane technology is one 

of the current technologies that have been 

introduced in treating POME. Membrane 

technology is recognised as an efficient, 

economical and reliable technology that 

exhibits high potential to be used in the 

treatment of POME (Ahmad et al. 2009). 
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Ahmad et al. (2009) employed ultra 

filtration and reverse osmosis membrane 

technology, coupled with coagulation and 

flocculation as the pre-treatment process, 

to treat POME and reclaim the drinking 

water. A water recovery of 78% water was 

observed and the quality of water met 

drinking water standards set by the USEPA 

(Ahmad et al. 2006).  A high quality treated 

water can be used as boiler feed water 

(Ahmad et al. 2003) in palm oil process. 

Several researches such as Yejian et al. 

(2008), Abdurahman et al. (2011), and 

Damayanti et al. (2011)  investigate about 

POME treatment with variety of process, 

such as ultrafiltration, reverse osmosis, 

membrane anaerobic system, and 

membrane bioreactor. All these membrane 

processes are subjected to severe 

membrane fouling due to high hydraulic 

pressure involved in the process 

(Damayanti et al. 2011).  

Forward Osmosis (FO) is a promising 

membrane based separation technology 

and has been studied in the application of 

wastewater treatment (Achilli et al. 2009), 

seawater/brackish desalination 

(McCutcheon et al. 2005), power 

generation (Achilli et al. 2009, Lee et al. 

1981), and food processing (Anna et al. 

2012). The driving force of the FO is the 

osmotic pressure differential across the 

membrane rather than hydraulic pressure 

differential as in Reverse Osmosis (RO). 

The osmotic pressure difference 

encourages a net flow of water molecule 

through the membrane into the draw 

solution hence separates the feed water 

from its solutes effectively. Consequently, 

the FO process results in concentration of 

feed stream and dilution of a highly 

concentrated draw solution, and this 

diluted draw solution requires further 

treatment for reuse purposes (Cath et al. 

2006). Several unique technological 

advantages can be achieved from FO 

process, such as operating at very low or 

no hydraulic pressure, has high rejection of 

a wide range contaminants and may have 

lower membrane fouling propensity than 

other pressure-driven membrane 

separation process (Holloway et al. 2007). 

A lower membrane fouling in FO means 

that its membrane can have a longer life 

span. Fouling is more severe in RO as the 

high hydraulic pressure tends to force all 

components of a feed stream to be 

against the membrane surface.  

Since the only pressure involved in the 

FO process is due to the flow resistance in 

the membrane module which is only a few 

bars, the FO equipment is simpler and 

does not encounter many problems on the 

membrane support (Cath et al., 2006). 

Fresh water can be produced from the sea 

using approximately one-tenth of the fuel 

or electricity required by other 

desalination methods (Mandell and 

McGinnis 2011).  Nevertheless, there is a 

lack of investigation on forward osmosis in 

treating POME. The objective of this paper 

is to investigate the influence of 

temperature in treating POME using the 

FO process. Range of temperature were 

selected based on the frequent range of 

temperature been used from other 

researchers for FO  membranes in FO 

process (Phuntsho et al. 2012, Zhao and 

Zou 2011). Effects on water fluxes were 

studied with three different temperatures 

(25º C, 35 º C and 45 º C) using a semi-

batch FO system.  
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METHODOLOGY 

 

Experimental Set-Up  

A lab scale FO module system was 

fabricated. The experiment was conducted 

in FO mode (active layer facing 

FS).Temperature of samples (feed and 

draw solutions) were maintained by using 

water bath (ABAT855, DANIEL). Both FS 

and DS were heated simultaneously by 

immersing the glass coil in the water bath 

as shown in Figure 1. The membrane 

module has an effective area of 32 cm2. 

The membrane unit was customised with 

channels dimensions of 80 mm long × 40 

mm wide × 2 mm deep on both sides of 

the membrane. Two peristaltic pumps 

(BT600-2J, Longerpump) were used to 

generate equal flows in closed loop 

conditions. A digital scale (XB 10200D, 

Precisa) was used to monitor the weight 

increment of the DS reservoir for every 

minute and the weight change was 

converted to the permeate flux. The digital 

scale was connected to a computer for 

data collections. The cross flow velocity 

was fixed at 22 cm/s for the whole 

experiment.  

The experiment was run in a semi-batch 

mode for about an hour and each test was 

started with 2 L of feed and 2 L of draw 

solutions. NaCl solutions ranges from 1 M 

to 4 M concentration were used as draw 

solutions. Before raw POME was used as a 

feed, a baseline measurement with 

distilled water (DI) was performed. Water 

Feed solution
E-7Balance

Draw 

Solution 

Computer 

CTA- W (FO 

Membrane)

Peristaltic pump

Water bath

Glass heating 

coil

Glass heating 

coil

Thermometer
Thermometer

FO module

 

 

Fig.1: Schematic diagram of a laboratory scale for FO temperature set-up 
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flux was determined by measuring the 

weight change at the DS side during each 

experiment. Water flux can be calculated 

by using Eq. (1)  (Zhao and Zou, 2011): 

 

Jw= 
∆ weight

(water density × effective area ×∆ time)
                                               (1) 

 

Samples Preparation: Feed and Draw 

Solutions 

Raw POME from Seri Ulu Langat Palm 

Oil Mill, Dengkil Selangor was collected as 

feed sample. In order to test the capability 

of FO process to treat POME, only 

sedimentation and a simple filtration was 

applied to raw POME with filter paper 

(ADVANTEC 131, < 5m retention) to 

remove the large solids. The raw POME 

was then used as the feed solution. The 

characteristics of raw POME after simple 

filtration and sedimentation process were 

presented in Table 1.  

All chemicals and reagents used in this 

study were of industrial grade. Sodium 

chloride (NaCl) (SystermChemAR) was 

used to make draw solutions, because it is 

non toxic, gives high osmotic pressure, 

cheap and easy to be recovered using RO 

process. The osmotic pressure of draw 

solution was calculated using the Van’t 

Hoff equation: 

 

𝜋 = 𝑖ΦMRT    (2) 

 

where i is the Van’t Hoff factor, M is 

molarity (mol/L), R is gas constant (0.0836 

L atm/mol K),   is osmotic coefficient 

(0.93) and T is temperature (in Kelvin). The 

Van’t Hoff factor for NaCl is 2. Stock 

solution of DS was prepared by dissolving 

the salts in distilled water and kept for 

overnight at room temperature before 

being used in the experiment. 

 

FO Membrane  

A commercial flat sheet FO membrane 

from Hydration Technologies Inc., CTA-W 

(cartridge membrane) was used in this 

experiment. The membrane is made of 

cellulose triacetate, supported by 

embedded polyester mesh and has an 

asymmetric structure. The active layer (AL) 

is the shiny side of the membrane and the 

porous layer (PL) is the rough side of the 

membrane. The membrane was soaked in 

distilled water for overnight in dark place 

to remove glycerin which was used to 

replace the water during shipment. The 

characteristic of CTA-W (cartridge 

Table 1: Characteristics of raw POME with simple filtration and sedimentation process. 

Parameters Mean 

pH 4.5 

Biological Oxygen Demand (BOD5) 14,000 

Chemical Oxygen Demand 25,000 

Total Suspended Solids 850 

Ammonia Nitrogen 24 

TDS 13,000 

* All parameters in mg/L except pH 
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membrane) was given in Table 2. 

 

RESULT AND DISCUSSIONS 

 

Water flux across the membrane was 

investigated in AL – FS orientation at 

different operating temperature. This 

orientation was chosen in order to reduce 

fouling on the FS side of the membrane. 

Generally, an increase in temperature 

increases the water flux as shown in 

figures 2 and 3. In average, percentage 

gain of water flux is significantly higher at 

45C than 35 C for the DI and raw POME. 

Based on Figure 2, percentage water flux 

increased for DI are between 15% to 45% 

from 25C to 35 C and 60% to 91% from 

25C to 45 C. Compared to raw POME as 

FS in Figure 3, percentage water flux 

increment for raw POME was lower than 

DI. The percentage water flux increments 

for raw POME are between 7% to 9% from 

25C to 35 C and 32% to 75% from 25C 

to 45 C.  

An increase of water flux can be 

partially explained by the increase of 

osmotic pressure of the DS with 

temperature, as shown in Table 3.  

 

Fig.2: Flux performance of the membrane by using DI as FS and NaCl as DS. 

 

Table 2: Characteristics of commercial FO membrane substrates (Wei et al. 2011). 

Membrane 

sample 

Thickness
b 

(m) 

Porosity 

(%) 

s 

(structural 

parameter) 

value (mm) 

Contact angle 

() 

CTA-W
a
 44.7 14.1(20) 46  1 1.00  0.54 692

c 

Notes:  
a
 The cross-sections of TA-W are highly non-uniform due to their woven support. The thickness values 

given in parentheses are the minimum cross-sectional thickness at the thinnest part of cross-section. 
b
 The thickness measured for the commercial FO membranes includes the contribution from the rejection 

layer. The thickness of the skin layer for CTA-W is on the order of a few micrometers. 
c   

Measured for the bottom surface of membranes. 
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In theory, water flux can be expressed 

in terms of osmotic pressure as follows 

(Cath et al., 2006):  

 

𝐽𝑤 = 𝐴 (𝜋𝐷 − 𝜋𝐹 ) (3) 

 

where Jw is water flux, A is the water 

permeability coefficient, D  and F  are the 

osmotic pressure of draw solution and 

feed solution. An increase in the osmotic 

pressure of the DS increases the osmotic 

pressure difference, thus increases the 

water flux across the membrane. 

Lower increment percentages for raw 

POME were contributed by the lower net 

osmotic pressure difference across the 

membrane. Unlike distilled water as FS, the 

osmotic pressure for both POME and DS 

will increase with temperature, resulting in 

a lower net osmotic pressure. Therefore 

the percentage increment of water flux of 

raw POME is not as high as the distilled 

water. 

The increase in osmotic pressure 

difference alone is not sufficient to explain 

the high percentage increment of water 

flux with temperature.  During FO mode 

orientation, two types of concentration 

polarization occur, which are dilutive ICP 

and concentrative ECP. Temperature a has 

profound effect on both ICP and ECP 

(Zhao and Zou, 2011).  

 
 

Fig.3: Flux performance of the membrane by using raw POME as FS and NaCl as DS. 

 

 

Table 3: Osmotic pressure of NaCl solution calculations at the temperature 25 C, 35 C 

and 45 C. 

Molarity (M) Osmotic pressure (atm) 

 T = 25 C T = 35 C T = 45 C 

1 45.51 47.03 (3.34%) 48.56 (6.70 %) 

2 91.01 94.07 (3.36%) 97.12 (6.71%) 

3 136.52 141.10 (3.35%) 145.68 (6.71%) 

4 182.03 188.13 (3.35 %) 194.24 (6.71%) 

* ( ) indicate % increase in osmotic pressure with reference to 25 C. 
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Dilutive ICP occurred when DS is facing 

the porous layer as shown in Figure 4, 

because the solute in the DS will penetrate 

through the porous layer to the surface of 

active layer and increase the concentration 

of FS before the water flux can occurred. 

This situation will decrease the water 

permeate through the membrane thus 

reducing the flux performance. But at 

higher temperature, diffusivity of draw 

solute will increase and reduce the ICP 

phenomena at porous layer side thus 

increase the water flux performance for DI 

and raw POME as FS. 

Unlike distilled water as FS, both ICP 

and ECP phenomena will occur for raw 

POME as FS. Concentrative ECP occurred 

at FS side of membrane when FS is placed 

against the active layer of the membrane. 

Water will permeate through the active 

layer leaving behind the FS solute in 

higher concentrations. When this situation 

happens, a higher osmotic driving force 

must be applied from the DS side in order 

for water flux to occur. This situation 

contributes in lowering water flux 

performance for raw POME at room 

temperature (as compared to distilled 

water as DS).  At higher temperature, 

concentrative ECP impact was lessen due 

to increase of diffusivity of DS at porous 

layer side and increase the osmotic 

pressure of the DS. 

Another factor that is expected to affect 

the water flux at higher temperature is the 

effect of solution viscosity. As viscosity 

decreases with an increase in temperature, 

therefore a higher water flux is achieved at 

higher temperatures as shown by (Zhao 

and Zou, 2011):  

 

𝐽𝑇 =  𝐽𝑜

𝜂𝑜

𝜂𝑇
 (4) 

 

 

Fig.4: An asymmetric membrane with the porous support layer against the draw 

solution (FO mode); the profile illustrates dilutive ICP and concentrative ECP. 

Note :D,b is the bulk draw solution osmotic pressure, D,i is the effective 

osmotic pressure of the draw solution in FO mode, F,m is the membrane 

surface osmotic pressure on the feed side, F,b is the bulk feed osmotic pressure 

and  is the effective osmotic driving force (McCutcheon and Elimelech, 2006) 
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where  Jo= water flux at reference 

temperature, o= water viscosity at 

reference temperature, JT = water flux at a 

temperature,  and T = water viscosity at a 

temperature.  

 

CONCLUSSIONS 

 

This study has investigated the effects 

of temperature towards the performance 

of FO process in treating POME.  Water 

flux performance was improved with 

respect to the increase of temperature of 

FS and DS solutions. The increase in 

osmotic pressure difference with 

temperature increases the water flux. The 

effect of dilutive ICP and concentrative 

ECP were also lessen at higher 

temperature, thus increases the water flux 

performance in the FO process. 

 

Nomenclatures 

A : Water permeability 

coefficient 

M : Molarity 

R : Gas constant 

T : Temperature  

Jw : Water flux 

Jo : Water flux at 

reference 

temperature 

JT : Water flux at a 

temperature 

   

 Greek Symbols 

 : Osmotic pressure 

 : Osmotic coefficient  

i : Van’tt Hoff factor  

o : Water viscosity at 

reference tempe-

rature 

T : Water viscosity at a 

temperature 

D : Osmotic pressure 

of draw solution 

F : Osmotic pressure 

of feed solution 

D,b : Bulk draw solution 

osmotic pressure  

D,i : Effective osmotic 

pressure of the 

draw solution in 

FO mode 

F,m : Membrane surface 

osmotic pressure 

on the feed side 

F,b : Bulk feed osmotic 

pressure 

 : Effective osmotic 

driving force 

   

Abbreviations 

AL  : Active layer  

CTA : Cellulose triacetate 

CTA-W : Cartridge 

membrane 

DI : Distilled water  

DS  : Draw solution 

ECP : External 

concentration 

polarization 

FO : Forward osmosis 

FS : Feed solution 

ICP : Internal 

concentration 

polarization 

NaCl : Sodium chloride 

PL : Porous layer 

POME : Palm oil mill 

effluent 

RO : Reverse osmosis 
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