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Crossflow microfiltration (MF) and ultrafiltration (UF) experiments of 

limed mixed juice to pH of 7.5 were carried out in plate and frame module 

employing polysulphone membranes. The experimental study was carried 

out to examine the effects of membrane molecular weight (MWCO) and the 

transmembrane pressure (TMP) on the membrane fouling characteristics 

and flux decline behavior. A comparative analysis using one MF 

membrane (GRM0.1PP MF) and one UF membrane (GR40PP UF) was 

done at different TMP (viz. 1.0, 1.5 and 2.0 bar). Three theoretical models 

(viz. cake filtration model, internal pore blocking model, and complete 

pore blocking model) were used to predict the membrane resistances and 

permeate flux. The models were used further to help in the analysis and to 

isolate a suitable membrane among the studied one with respect to flux and 

resistance. 

It was noticed that in all cases the membrane fouling was the highest at the 

first period of operation.  Study of the mechanisms responsible for flux 

decline in MF and UF of limed mixed juice suggested that the membrane 

fouling is in good correlation with the cake filtration model and the pore 

narrowing (internal pore blocking) model for both the GRM0.1PP MF and 

GR40PP UF. 

KEYWORDS: Membrane fouling, Mixed juice, Microfiltration, Ultrafiltration, 

Transmembrane pressure. 

 

1. INTRODUCTION 

The production of raw sugar for export and for domestic production of refined sugar is 

a very important industry for the Egyptian agro-industry sector. The conventional 

process of raw sugar production uses significant amounts of lime, and produces large 

quantities of waste product called lime mud. Although, the conventional production of 

white sugar from either cane or beet has been well established over the years, the sugar 

industry has to accommodate itself with the new environmental regulations and to 

upgrade the quality of sugar with optimizing the production cost using advanced 

technologies. 
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NOMENCLATURE 

Alphabetic Symbols 
A membrane area (m

2
) 

Ao total membrane area (m
2
) 

cm rejected particle concentration at 

membrane (kg/m
3
) 

Ca dimensionless parameter in Eq. (5) 

fc fouling rate constant 

J flux (m/s) 

J2  permeate flux at the onset of quasi-

steady state operation (L/m
2
.s) 

Jm permeate mass flux (kg/m
2
.s) 

Jo initial permeate flux m/s 

Jw permeate flux (L/m
2
.h). 1 L/m

2
.h = 

2.778X10
-7

 m/s 

Lm membrane thickness (m) 

N total numbers of pores in the 

membrane 

Qf permeate flow rate (m
3
/s) 

Qo initial permeate flow rate (m
3
/s) 

r corrélation coefficient 

rp membrane pore radius (m) 

rpo initial membrane pore radius (m) 

Ra  adsorption resistance (m
-1

) 

Rc cake layer resistance (m
-1

) 

Rcc  membrane resistance due to 

compression of the cake layer (m
-1

) 

Rcp concentration polarization 

resistance (m
-1

) 

Rf  Resistance due to the fouling (m
-1

) 

Rm initial membrane resistance (m
-1

) 

Rp  membrane resistance due to 

blocking of the membrane pores 

(m
-1

) 

Rt total membrane resistance (m
-1

) 

t time (s) 

T temperature (
o
C) 

Vf permeate volume (m
3
) 

Vp initial total pore volume (m
3
) 

ΔP transmembrane pressure (bar), 1 

bar =10
5
 Pa 

αc cake specific resistance per unit 

mass  (m/kg)  

αo Slope of the Rt evolution curve at 

the beginning (m
-1

.min
-1( 

αs slope of the Rt curve during the 

pseudo-steady state phase  ) m
-1

min
-1( 

Greek Symbols 

μ dynamic viscosity of fluid (Pa .s) 

αf fouling rate (m
-1

.s
-1

) 

σ parameter characterizing plugging 

potential of suspension (m
-1

) 

Membrane separation is one of such technologies that will compete favorably 

for reducing energy usage, reducing or eliminating chemical clarification and improve 

final product quality [1]. The purification of sugarcane juice by membrane filtration 

promises a significant improvement in the sugar quality and yield [2]. In a review 

which dealt with the application of membrane filtration systems within the beet and 

cane sugar industry, Madsen et al. [3] suggested that it should be possible to introduce 

membrane filtration as a unit operation in the sugar industry.  

One of the major obstacles which hinder more widespread application of 

membrane filtration is that the flux declines with time termed as 'membrane fouling' 

[4]. Flux decline in membrane filtration is a result of the increase of the membrane 

resistance and the development of another resistance layer, which can be elucidated in 

terms of pore blockage and cake formation, respectively. The pore blocking increases 

the membrane resistance while the cake formation creates an additional layer of 

resistance to the permeate flow. In this sense, pore blocking and cake formation can be 

considered as two essential mechanisms for membrane fouling. Other factors, such as 

solute adsorption, particle deposition within the membrane pores, and characteristics 

change of the cake layer, can affect membrane fouling through enhancement or 
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modification of either or both of these two essential mechanisms. The development of 

a concentration polarization (CP) layer can also add another layer of resistance. 

The early work on membrane fouling theories includes the development of the 

pore blocking and cake formation models [5]. Song [4] has developed a mathematical 

model to describe the dynamic process of membrane fouling and provided a closed-

form solution of his model. The fouling process under different conditions was 

simulated by the newly developed model. His study showed that there are two essential 

mechanisms for membrane fouling in crossflow UF and MF, namely, pore blocking 

which is responsible for the initial sharp drop from the flux of pure water filtration, and 

cake formation which is the cause of long-term gradual flux decline. 

Huang and Morrissey [6] have conducted experimental studies to investigate 

the development of membrane fouling in the microfiltration of protein solutions. Their 

results showed that the initial membrane fouling process could be modeled by the 

standard pore blocking law, and the development of fouling continued with a 

continuous process of cake formation. Wang and Song [7] have compared the theory of 

fouling dynamics in crossflow membrane filtration with ultrafiltration experiments 

using suspensions of silica colloids. They have experimentally verified that colloidal 

fouling in crossflow filtration is a dynamics process from non-equilibrium to 

equilibrium and that the steady state flux is the limiting flux.   

Chen et al. [8] have developed a predictive model for simulating the 

development of membrane fouling with time in full-scale RO processes. The results of 

the simulation studies demonstrated that a full-scale RO system could maintain a 

constant average permeate flux for a period of time even though fouling development 

had occurred right from the start of operation.  

Mohammadi et al. [9] has conducted studies to investigate membrane fouling 

in Ultrafiltration (UF) of emulsions and suspensions. They have found that 

development of membrane fouling is a dynamic process of two distinctive stages. Pore 

blocking is dominant resistance at initial period of UF and cake resistance begins to 

dominate following the initial pore blocking. The results show that cake layer 

resistance increases with increasing feed concentration and transmembrane pressure.  

In the present study crossflow microfiltration (MF) and ultrafiltration (UF) 

experiments of limed mixed juice to pH of 7.5 were carried out in plate and frame 

module employing polysulphone membranes. The experimental study was carried out 

to examine the effect of membrane molecular weight (MWCO) and the transmembrane 

pressure (TMP) on the membrane fouling characteristics and flux decline behavior. A 

comparative analysis using one MF (GRM0.1PP MF) membrane and one UF (GR40PP 

UF) membrane was done at different TMP (viz. 1.0, 1.5 and 2.0 bar). Three theoretical 

models viz. cake filtration model, internal pore blocking model, and complete pore 

blocking model were used to predict the membrane resistances and permeate flux. The 

models were used further to help in the analysis and to isolate a suitable membrane 

among the studied one with respect to flux and resistance. 

 

2. MEMBRANE FOULING 

The International Union of Pure and Applied Chemistry (IUPAC) defines fouling as; 

“the process resulting in loss of performance of a membrane due to deposition of 
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suspended or dissolved substances on its external surfaces, at its pore openings, or 

within its pores” (Koros et al. [10] referenced by Roorda and van der Graaf [11]).   For 

process engineers designing systems, Roorda and van der Graaf [11] classified fouling 

into essentially five mechanisms, as illustrated in Fig. 1, each monitored as a build of 

resistance Rx; 

1. adsorption inside the membrane pores (Ra), 

2. blocking of the membrane pores (Rp), 

3. concentration of foulants near the membrane surface, also called concentration 

polarization (Rcp), 

4. deposition on the membrane surface forming a cake layer (Rc) and 

5. compression of the cake layer (Rcc). 
 

 
Fig. 1 Resistance of a fouled membrane contributed to various fouling mechanisms 

(Berg van den [12] referenced by Roorda and Graaf van der [11]) 

 

During filtration these mechanisms may occur simultaneously. The average 

pore diameter and the porosity of the membrane mainly determine the initial resistance 

of the membrane (Rm) [11]. Huang and Morrissey [6] suggest that fouling of membrane 

by both suspended and soluble proteinaceous matter in surimi wash water is a dynamic 

process starting with pore blocking at the initial stage of filtration, and followed by a 

continuous cake layer formation. 

Hermia [13] referenced by Jacob and Jaffrin [14] derived four different 

filtration laws. The basis is Darcy's law, assuming homogeneous feed, spherical 

particles, cylindrical parallel homogeneous pores and every particle entering the 

membrane is stopped at or in the membrane matrix. The following filtration laws are 

defined for constant pressure dead-end filtration; complete pore blocking, cake 

filtration and internal pore blocking. 
 

 2.1. Cake Filtration Model 

Particles, or macromolecules rejected by the membrane do not enter the pores; and 

form a cake on the membrane surface. The overall resistance is composed of a 
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membrane resistance Rm and a cake resistance Rc [15]. The cake resistance increased 

proportionally to the amount of volume filtered Vf or to the particle mass brought to the 

membrane by the filtration, thus, the total filtration resistance may be written [14];  

o

fmc

mcmt
A

Vc
RRRR


       (1) 

where αc is the cake specific resistance per unit mass, cm is the rejected particle 

concentration near the membrane, and Ao is the total membrane area. Thus, the 

permeate flow rate Qf is calculated as [14]; 

)(
o

fmc

m

of

f

A

Vc
R

AP

dt

dV
Q


 


      (2) 

where μ is the permeate viscosity. Assuming that Rm and αc and cm are constants, and 

integrating Eq. (2) gives; 

omo

fmc

of QRA

Vc

QV

t

2

1 
        (3) 

where Qo is the initial permeate flow rate at t = 0 before the cake is formed and is 

calculated as;   

m

o
o

R

AP
Q




         (4) 

 

 2.2 Internal Pore Blocking (Progressive Internal Fouling) 

Particles or macromolecules enter the pores and either gets deposited or adsorbed 

reducing pore volume. The irregularity of pore passages causes the particle to become 

tightly fixed blinding the pore. In this case, membrane resistance increases as a 

consequence of pore size reduction. Besides, if internal pore blocking occurs, fouling 

becomes independent of cross flow velocity [15]. 

If Lm denotes the membrane thickness and N the total number of pores assumed 

to be cylindrical parallel homogeneous pores with uniform radius rp, we can write [14]; 

fa

p

pm QC
dt

dr
rNL 2       (5) 

where Ca is dimensionless parameter characterizing the fraction of solute which get 

adsorbed. Integrating of Eq. (5) with respect to time yields; 

fappom VC)rr(LN  22       (6) 

where rpo is the initial pore radius. Using Poiseuille’s law in the pores and substituting 
rp

2
 from Eq. (6), we obtain; 

21 )
V

VC
(QQ

P

fa

of        (7) 

where Vp is the total initial pore volume and is calculated as; 

mpop LrNV
2        (8) 

Integration of Eq. (7) with respect to time yields; 
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p

a

of V

tC

QV

t


1
       (9) 

 

 2.3 Complete Pore Blocking Model 

When particles are larger than pore size, the membrane portion of the filtration area 

reached by particles is blocked as a consequence of a complete pore obstruction by 

means of sealing (blocking) [15].  In this case the fractional area A of the membrane 

decreases proportionally to the filtered volume [14]; 

fo VAA          (10) 

where σ is a parameter  characterizing the plugging potential of the suspension, which 

can be expected to be proportional to the particle concentration. Here, the flux decay is 

assumed to be solely because of a reduction in membrane area and not due to an 

increase in resistance. Therefore, the permeate flux is given by;  

)1(
o

f

of
A

V
QQ


        (11) 

and by integration of Eq. (11) with respect to time; 

))(exp1( tJ
A

V o
o

f 


       (12) 

where Jo is the initial permeate flux, and by substituting Eq. (12) into Eq. (11); 

)(exp tJQQ oof        (13) 

 

3. EXPERIMENTAL METHODS AND MATERIALS 

The main aim of this study was to investigate the membrane fouling process in MF/UF 

clarification of the mixed juice. A test rig was designed and constructed at Sugar 

Technology Research Institute, Assiut University to serve this purpose.  In order to 

reflect the real properties of mixed juice, this research was carried out on-site at the 

Pilot Plant for Sugar Research at the Qus Sugar Mill. 

 

 3.1  Materials 

The feed to the test rig was either the hot fresh mixed juice or the clear juice. Mixed 

juice was collected from the sampler tank located after the mill house at Qus factory. 

The clear juice was obtained by adding the milk of lime to the mixed juice at a 

temperature of about 72 
o
C under constant stirring to increase the pH to the preset 

value.  

Four organic flat sheet membranes of different pore size or MWCO were 

selected in the present study. They were obtained from Alfa Laval Nakskov A/S 

Company, Denmark and used without any further modification. The main 

characteristics of these membranes are given in Abbara [16]. Pre-filters were used to 

remove fibrous material and suspended solids that foul the membrane.  
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 3.2 Experimental Set-Up 

The microfiltration and the ultrafiltration (MF/UF) experiments were carried out in a 

simple and flexible filtration system designed and assembled at the Sugar Technology 

Research Institute of Assiut University. The experimental set-up is shown in Fig. 2. 

Pre-filters and MF/UF module were arranged so that each component could operate 

alone or in series with the others. Pressure gauges were mounted at the inlet and outlet 

of pre-filters and the membrane module. The feed vessel and the receiving tank are 

equipped with stirrers of variable speeds and steam coils for heating. Level indicators 

and temperature sensors are also mounted. 

 

 

Fig. 2 Schematic flow diagram of the experimental set-up 

 

The solution is pumped to the P-KG plastic prefilter in which an 

ultrapolydepth
®
 PP-TF depth filter of 50 µm is used to remove suspended particles 

prior to microfiltration and ultrafiltration is installed. The solution from the prefilter is 

either directed to the other prefilter with element of pore size less than the first one 

then to the membrane module, or to the receiving vessel.  
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 3.3 Experimental Procedure and Analysis 

The experiments were designed to enable us to gather the necessary information with 

minimum cost. A group of experiments were planned to determine the membrane 

fouling characteristics and to examine the agreement of membrane filtration with 

different fouling models. These experiments were carried out using two types of 

membrane installed simultaneously on the membrane module. The membranes were of 

type: GRM0.1PP MF and GR40PP UF. The experiments were carried out at a 

temperature of 70 
o
C and at different TMP. 

To determine the membrane fouling, the water flux was measured both before 

and after the cane juice membrane filtration at TMP of 0.85 bar and temperature of 60 
o
C. The membrane fouling was calculated as a percentage drop in the water flux. 

 

4. RESULTS AND DISCUSSION 

The raw juice is a strong foulant because of the presence of objectionable amounts of 

proteins, polysaccharides, starches, gums and other non-sugars that constitute up to 

2.5% of the juice [17, 18]. Membrane fouling is affected by several factors such as 

filtration pretreatment, pH, and transmembrane pressure.  

Experiments were done to study the effect of transmembrane pressure on the 

fouling parameters of different classical fouling models during filtration of the mixed 

juice to pH of 7.5. Membranes of type GRM0.1PP MF and GR40PP UF were tested 

simultaneously. In each experiment, new membranes were used. Clear juice was 

prefiltered using 50 μm filter element. The membrane filtration tests were done at 

constant temperature of 70 
o
C.  Figures 3 and 4 show experimental data for the 

permeate flux as a function of time during filtration of the limed juice at different TMP 

through GRM0.1PP MF and GR40PP UF, respectively. The initial flux of MF, as is 

shown in Fig. 3 increased with pressure, varying from almost 238 L/m
2
.h at TMP of 

2.0 bar to 111 L/m
2
.h at TMP of 1.0 bar, consistence with the constant resistance of the 

clean membrane. The flux remained greater at the higher pressure throughout the 

filtration. After 90 min of filtration, the rate of flux decline was 29% at TMP of 1.0 

bar, 31% at TMP of 1.5 bar and 25% at TMP of 2.0 bar. The figures show that the flux 

declines rather exponentially where the best fit equations are shown in the figures.  

It is clear from Fig. 4 that the variation of the flux of filtering of the limed juice 

through the UF membrane against TMP has the same trend as of MF. Thus, the flux of 

the UF membrane is also increased with increasing the TMP.  Figure 4 shows that the 

initial flux of UF decreases from nearly 198 L/m
2
.h at TMP of 2.0 bar to about 91 

L/m
2
.h at TMP of 1.0 bar. At the end of the test, the rate of flux decay was 28.3%, 

26.9% and 28.5% at TMP of 1.0, 1.5 and 2.0 bar, respectively. As it is expected, the 

flux of MF membrane is higher than that of UF membrane at every respective TMP.   

Figure 5 shows the experimental results for the total collected volume as a 

function of time during filtration of the limed juice through GRM0.1PP MF membrane 

at different TMP. It is clear from the figure that the permeate volume is slightly 

dependent on TMP at short times up to 10 minutes. After 10 minutes the total volume 

collected is increased with increasing transmembrane pressure.  The permeate volume 

for the case with TMP = 2.0 bar after 90 min of filtration is about 34.4% greater than 

that for the case at TMP of 1.5 bar.  The latter was about 32.3% greater than for the run 
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at TMP of 1.0 bar. Thus, the dependence of volume (L) on TMP was almost linear. 

Accordingly, these membranes were incompressible at the pressures used in these 

experiments.   
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Fig. 3 Effect of transmembrane pressure on the permeate flux during filtration of limed 

juice through GRM0.1PP MF 
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Fig. 4 Effect of transmembrane pressure on the permeate flux during filtration of limed 

juice through GR40PP UF 
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Fig. 5 Effect of transmembrane pressure on the permeate volume during filtration of 

limed juice through GRM0.1PP MF 

 

In a similar way, Fig. 6 shows that the total collected volumes of UF permeate 

as a function of time for the different values of TMP is slightly dependent on TMP at 

short times (about 10 minutes). After 10 minutes, the total volume increases with 

increasing the transmembrane pressure.  The total UF permeates collected after 90 min 

of filtration time are 1.800 L, 2.675 L and 4.1 L at TMP of 1.0 bar, 1.5 bar, 2.0 bar; 

respectively. These values are smaller than that of MF permeate at a specified TMP. 

This is consistent with the flux data shown in Figs. 3 and 4.  

The membrane fouling calculated as the percentage drop of clean water 

volume flow rate before and after filtration run of the MF was 60.5% at TMP of 1.0 

bar, 44.5% at TMP of 1.5 bar and 57.9% at TMP of 2.0 bar.  The same parameter 

(membrane fouling) of the UF was 56.0%, 35.7% and 44.2% at TMP of 1.0, 1.5 and 

2.0 bar, respectively. Both types of the studied membranes have a high fouling rate 

regardless of the TMP. This is consistent with our previous finding as reported by 

Abbara et al. [19], where the highest fouling rate was shown after the first experiment. 

The long-term flux decline due to fouling may be predicted by [20] 

cftJtwJ


 2)(        (14) 

where J2 is the permeate flux at the onset of quasi-state operation, t is the filtration 

time, and fc is the fouling rate constant. At higher fc, the flux is declined more rapidly. 

Kim et al. [20] reported that the fouling rate constant fc varies from 0.2 to 0.8 for yeast 

cells when Jw(t) is given in L/m
2
.h and t in seconds. 

In Figs. 3 and 4 the solid lines represent fitting flux data versus time according 

to the Eq. (14). The results of both MF and UF are in good agreement with the model. 

The fouling rate constants, fc, at different TMP of MF are 0.102, 0.103 and 0.086 at 
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TMP of 1.0, 1.5 and 2.0 bar, respectively. The fouling rate constant fc at TMP of 1.0 

bar is almost the same as its counterpart at TMP of 1.5 bar which means that the rate of 

flux decline is nearly the same at both of these TMP. The fouling rate constants, fc, at 

different TMP of UF are 0.094, 0.105 and 0.086 at TMP of 1.0, 1.5 and 2.0 bar, 

respectively. At a certain TMP the fouling constant rates of both the MF and UF are 

almost identical.  
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Fig. 6 Effect of transmembrane pressure on the permeate volume during filtration of 

limed juice through GR40PP UF 

 

Another method to estimate the membrane fouling is to plot the total hydraulic 

resistance Rt according to Darcy’s law [21]. Thus; 

J

P
Rt 





        (15)  

where μ is the dynamic viscosity of sugar solution (Pa. s) and J is the flux (m/s).  

A plot of the total hydraulic resistance against filtration time permits the 

comparison of the fouling intensity at different pressures. Fouling rate (αf) is quantified 

using two slopes obtained from the curves plotted for Rt vs. time; αo and αs defined as 

the sloping at the beginning and during the linear final phase (pseudo-steady state 

phase), respectively. These slops are calculated by simple linear regression [21]. 

The variation of the total resistance Rt of the MF membrane and UF membrane 

are plotted as a function of time in Figs. 7 and 8, respectively. As shown, the resistance 

at TMP of 2.0 bar was the lowest which is consistent with the highest flux.  In attempt 

to make the variation of the resistance with TMP more visible, the total resistance is 

plotted as a function of filtered dissolved solid mass (the product of permeate volume 

by volume Brix) as is shown in Figs. 9 and 10. Figure 9 illustrates that the rate of 

increasing resistance with the total dissolved mass filtered through the membrane is 

almost the same at TMP of 1.0 and 1.5 bar and both resistances are almost the same. 
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However the rate of increasing the resistance at TMP of 2.0 bar is different and we can 

say it nearly reaches the pseudo-steady state phase.  The same behavior is also noticed 

for the UF membrane as is shown in Fig. 10.  

Fitting the data of Fig. 7 by linear regression, the rate of fouling estimated as 

the slope αs is 2.054 x 10
10

, 2.718 x 10
10

 and 1.859 x 10
10

 m
-1

.min
-1

 at TMP of 1.0, 1.5 

and 2.0 bar, respectively. The slope αs of UF membrane, calculated based on fitting the 

data of Fig. 8 by linear regression is 2.437 x 10
10

, 3.259 x 10
10

 and 2.807 x 10
10

 m
-

1
.min

-1
 at TMP of 1.0, 1.5 and 2.0 bar, respectively. The slope αs at a certain TMP of 

UF membrane is higher than that of the MF membrane. However, a surprising result is 

the resistance at the TMP of 1.5 bar is higher than the résistance at the TMP of 2.0 bar 

of both MF and UF, which in turn reflected on αs. A physical explanation for this 

behavior is not available, but it could be due to a possible mistake in the membrane 

specifications. The final observation is consistent with the fouling constant rate fc 

where the fc value is also higher at TMP of 1.5 than at TMP of 1.0 bar. 

The traditional approach to examine the fouling mechanism is to plot the 

filtrate flux data in an appropriate linearized form developed by rearranging the 

expressions for the complete pore blocking, internal pore blocking and cake filtration 

models. To check the applicability of cake filtration model (Eq. (3)) on the 

microfiltration and ultrafiltration experiments, the variation of t/Vf versus Vf for the 

data of Figs. 3 and 4 at different TMP are shown in Figs. 11 and 12, respectively. As it 

is shown in Figs. 11 and 12, the experimental data are in a very good agreement with 

the cake filtration model with a correlation coefficient of both MF and UF listed in 

Table 1.  
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Fig. 7 Total hydraulic resistances, Rt, versus filtration time for filtering the limed juice 

through GRM0.1PP MF at temperature of 70 
o
C and at different transmembrane 

pressure 
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Fig. 8 Total hydraulic resistances, Rt, versus filtration time for filtering the limed juice 

through GR40PP UF at temperature of 70 
o
C and at different transmembrane pressure 
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Fig. 9 Total hydraulic resistances, Rt, versus filtered total dissolved mass solids for 

filtering the limed juice through GRM0.1PP MF at temperature of 70 
o
C and at 

different transmembrane pressure 
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Fig. 10 Total hydraulic resistances, Rt, versus filtered total dissolved mass solids of the 

limed juice filtered through GR40PP UF at temperature of 70 
o
C and at different 

transmembrane pressure 
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Fig. 11 Filtration curve, t/Vf, versus Vf measured at different values of transmembrane 

pressure using membrane type: GRM0.1PP MF 

 

It is concluded from Table 1 that the values of αc cm decreases with increasing 

the transmembrane pressure for both MF and UF membrane. Moreover, these values 

for MF are smaller than those of UF at the respective TMP. As it is expected, the initial 
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flux increases with increasing TMP and its value for UF is less than that of MF at the 

respective TMP. 
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Fig. 12 Filtration curve, t/Vf, versus Vf measured at different values of transmembrane 

pressure using membrane type: GR40PP UF 

 
The variation of t/Vf versus time for the MF data is plotted in Fig. 3. In the 

same manner, Fig. 14 represents the variation of t/Vf versus time for the UF data. This 

is done in order to check the agreement of MF and UF data with the pore narrowing 

model represented by Eq. (9). The fit with the pore narrowing model is as good as the 

cake filtration model for both the MF and UF data. The values of Ca /Vp and the 

correlation coefficient at different TMP are given in Table 2. 

It is noticed from Table 2 that the values of Ca /Vp decreases with increasing 

the transmembrane pressure. Furthermore, the Ca /Vp values of MF are less than that of 

UF at a specified TMP, except for these values at TMP of 2.0 bar. The initial flux 

values, Jo, estimated by the pore narrowing model are close to those evaluated by cake 

filtration model. 

 

Table 1 Determination of parameter αc cm and correlation coefficient r, for the 

cake filtration model for filtering the limed juice through GRM0.1PP MF and 

GR40PP UF at different TMP and at temperature of 70 
o
C 

TMP 

(bar) 
Membrane Type 

Time Interval 

(min) 

Jo 

(L/m
2
.h) 

αc cm x10
-13    

 

(m
-2

) 
r 

1.0 GRM0.1PP MF 3.5 - 90 111 1.78 0.974 

1.5 GRM0.1PP MF 3.5 - 90 164 1.55 0.991 

2.0 GRM0.1PP MF 3.5 - 90 249 8.33 0.974 

1.0 GR40PP UF 3.5 - 90 89 2.82 0.986 

1.5 GR40PP UF 3.5 - 90 133 2.53 0.994 

2.0 GR40PP UF 3.5 - 90 186 0.898 0.945 
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Table 2 Determination of parameter Ca /Vp and correlation coefficient r, for the 

pore narrowing model for filtering the limed juice through GRM0.1PP MF and 

GR40PP UF at different TMP and at Temperature of 70 
o
C 

TMP 

(bar) 
Membrane Type 

Time Interval 

(min) 
Jo (L/m

2
.h) 

Ca /Vp (m
-

3
) 

r 

1.0 GRM0.1PP MF 3.5-90 110 77 0.969 

1.5 GRM0.1PP MF 3.5-90 163 62 0.986 

2.0 GRM0.1PP MF 3.5-90 244 37 0.987 

1.0 GR40PP UF 3.5-90 89 102 0.984 

1.5 GR40PP UF 3.5-90 132 81 0.990 

2.0 GR40PP UF 3.5-90 186 34 0.949 

 

The complete pore blocking model, which postulates that the flux decay is 

solely due to reduction in membrane area and not to the increase in resistance, is also 

compared with the MF data of Fig. 3 and the UF data of Fig. 4. Data were fitted 

according to the Eq. (13).  The results according to this model are given in Table 3. It 

appears from Table 3 that the value of σ, which is a parameter characterizing plugging 

potential of suspension, decreases with increasing the transmembrane pressure. 

Moreover, at any TMP the σ value of UF are higher than that of the MF. However, this 

model gives the worst correlation coefficient among the other classical fouling models 

discussed before. 
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Fig. 13 Filtration curve, t/Vf, versus filtration time, t, measured at different constant 

TMP and at temperature of 70 
o
C using GRM0.1PP MF 
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Fig. 14 Filtration curve, t/Vf, versus filtration time, t, measured at different constant 

TMP and at temperature of 70 
o
C using GR40PP UF 

 

Table 3 Determination of parameter σ and correlation coefficient r, for the 

complete pore blocking model for filtering the limed Juice through GRM0.1PP 

MF and GR40PP at different TMP and at temperature of 70 
o
C 

TMP 

(bar) 
Membrane Type 

Time Interval 

(min) 
Jo (L/m

2
.h) σ (m

-2
) r 

1.0 GRM0.1PP MF 3.5-90 104 1.79 0.860 

1.5 GRM0.1PP MF 3.5-90 158 1.48 0.907 

2.0 GRM0.1PP MF 3.5-90 229 0.78 0.887 

1.0 GR40PP UF 3.5-90 84 2.13 0.889 

1.5 GR40PP UF 3.5-90 125 1.75 0.897 

2.0 GR40PP UF 3.5-90 191 1.15 0.910 

 

5. CONCLUSIONS AND RECOMMENDATIONS 

This work presents an on-site assessment of polymeric membrane plate modules for 

microfiltration and ultrafiltration of sugarcane juice on a laboratory-scale level to 

examine the mechanisms of the membrane fouling process. A test rig employs a DSS 

Labstak® M10 module was designed and constructed at the Sugar Technology 

Research Institute. Trials were done in Qus pilot plant at Qus Sugar Mill, Qena, Egypt 

using a fresh mixed juice. 

Filtering the limed mixed juice through the two membranes (GRM0.1PP MF, 

and GR40PP UF) at different values of transmembrane pressure led to the following 

conclusions: 

 Increasing transmembrane pressure within the examined range increases the 

permeate flux. 
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 It was noticed that in all cases the membrane fouling was the highest at the 

first period of operation.   

 Study of the mechanisms responsible for flux decline in MF and UF of limed 

mixed juice suggested that the membrane fouling is in good correlation with 

the cake filtration model and the pore narrowing model for both the 

GRM0.1PP MF and GR40PP UF.  

 GRM0.1PP and GR40PP are proper choice of MF and UF membrane for 

clarification the limed juice. The final choice depends on the quality of the 

final product. 

 It is possible to add another option to the range of solutions, which could be 

adopted in trying to eliminate the conventional sulphitation process. 
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ترشيح  ر  في باأغشيةا س  اأغشيةانسداد  –صناعة ا
 

عزيز عبارة و رحمن ، د. عبد ا امل عبد ا  بيوميأ.د. محمد رجب  د. على 
 

ر5.7عيتتتتةارب عيتتتت رىاتتتتيررماتتتتعر أستتتتررر أ جيتتتترر أتتتت رأ ر يتتتت ر جي  رأجريتتتتاربجتتتتةرعرى عيتتتت رىعتتتت رى 
 تتت  ر أ رشتتتةارت ار شيشتتي ر أ يرر  يتت ر  أوةلعتت ر  أبتت ربستتبا  ر بتت أر أستترية ر أ ر تت ر تت ربةستتبا   ر

بهت  ر اببتةرربتر يرررت رر أبجةرعر أ  عيت ر سطت رت ارأيشي ر ا  ى ر  ر ة  ر أب أ راعو  .رأجريا
ىعتتت رااتتتةلار  ستتت   ر شيشتتتي ر ستتتع  ر  تتت ت  را   ر  تتتاطر أتتت ا  ر ستتتة ي ر شيشتتتي ر أ ستتتب تتت ر

 أبتت   .ر أعتت رأجريتتار ر ستت ر عةر تت ربةستتبا   ر تتت ر أ رشتتتةارت ار شيشتتي ر أ يرر  يتت ر  اتتررت ريشتتة ر
ر تتةربتت ر ستتبا   ر تت نر  تتةت ر  ريتت ر تت رربتتةر .رر0.1،رر0.7،رر0.1 تتةل رى تت ر تتا طر ابعوتت ر ب تتة  ر

ةا،ر  ت ت ر  ست   ر أ ستة ر أ  اعيت ر   ت ت ر د ست   ر أرة ت رأع ستة ر ت رأجت ر   ت ر أبرشيحرا  ر أطبع
رتأ ر سبا  ار أ  ةت ر  ر ج ربتعي ر بت ي ر  ىي ر.ر سب بةطر عة   ر أ رشتةار ب   ر أ ايرر أر ل 

ر أ رشحر أ  ل ر  رتينر أب   ر  أ عة   ر  ربي ر أ رشتةار أب رب ار ر سبهة.رر
ج يتتت ررر تتت   ستتت   ر أ رشتتتتةاررتتتة رى تتت رأىعتتت رمي تتت رأتتتار تتت ر أوبتتتر ر ش أتتت ر تتت ر أبشتتتاي ررأعتتت رأتتت ت ربتتتر 

 أتتتتةدا.رر تتتةرأ ر ر ستتت ر سأيتتتةار أ ستتتل أ رىتتت ر  تتت ت  ر أبتتت   ر تتت رى عيتتتةارب عيتتت رىاتتتيرر أعاتتتعر
  ت ت ر أبرشتيحرر شيشتي ر أ يرر  يت ر  أوةلعت ررة تار ب   عت ر ت ررت ر ت ر أ جيرربةستبا   ر أ رشتتةارت ا

 .ر أطبعةار    ت ر  س   ر أ سة ر أ  اعي ر  رر ر  رر أ رشحر أ يرر   ر  أوةل را  
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