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Modeling of the fouling of inside-out hollow ﬁber UF
membranes
Xudong Wang, Danxi Huang, Lei Wang, Xiaorong Meng, Yongtao Lv
and Siqing Xia

ABSTRACT
Membrane processes often experience a decline in the permeate ﬂux or an increase in the operating
pressure from membrane fouling. A mathematical model that describes the fouling of inside-out
hollow ﬁber ultraﬁltration (UF) membranes was derived from hydrodynamic equations coupled with
the theory of depth ﬁltration. The correlation predictions obtained in this study are simpler, as the
effect of membrane characteristics, water recovery, and membrane washing processes on UF
membrane fouling were expressed using a single parameter: the membrane blocking coefﬁcient.
Membrane ﬁltration tests were conducted using diluted paper industry wastewater in a constantpressure and constant-current operational mode. The effects of different operating conditions, such
as water recovery and cleaning methods, and membrane characteristics, on the membrane blocking
coefﬁcient were evaluated. The predictive capability of the proposed model was excellent, according
to a comparison of the experimental results and model simulations.
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LIST OF SYMBOLS

x

the distance from the inlet to the speciﬁc position, m

p

the lumen-side pressure at the x position, m

ρ

the water density, kg/m3

v

ﬂow velocity inside the ﬁber , m/s

p1 the inside pressures of the hollow ﬁber membrane, m

μ

kinetic viscosity coefﬁcient of water, cP

p2 the lumen-side pressure in the membrane inlet, m.

ε0 the initial membrane porosity, %

p3 the outside pressures of the hollow ﬁber membrane, m

ε

the process membrane porosity, %

D the effective internal diameters, m

β

the constant

L

membrane length, m

g

acceleration of gravity, m/s2

u

ﬂux, m/s

ū

average permeation velocity, m/h

r

a constant and named membrane plugging coefﬁcient , s/m2

k0 the initial permeation coefﬁcient
k

the process permeation coefﬁcient

INTRODUCTION
The extremely high packing density of their ﬁbers and the
presence of specially designed channels confer hollow
ﬁber membrane modules with excellent mass-transfer properties and higher water permeability, which have led to

GREEK LETTERS

numerous commercial applications in various ﬁelds.
Because of the ﬂexibility of hollow ﬁber membranes, they

σ

the ratio of irreversible fouling to pore volume
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outside-in, or dead-end patterns, according to the required

complete momentum balance coupled with the application

ﬁltration and inﬂuent quality targets.

of an exponential model (Yeh ). Yuriy et al. developed

However, the wide use of hollow ﬁber membrane tech-

a mathematical model using a dead-end outside-in hollow

nology has been hampered by membrane fouling, which

ﬁber membrane ﬁlter (Polyakov ). Liu et al. proposed

causes a decrease in permeate ﬂux and increase in mem-

a ﬁltration model for membrane fouling during crossﬂow

brane pressure, and which shortens membrane lifetimes.

UF (Wei et al. ). Yoon et al. has developed pressure

There are several possible causes of membrane fouling,

drop models for hollow ﬁber membranes (Yoon et al. ).

which depend on various factors, for example, the proper-

All these mathematical models of membrane fouling can

ties of the membrane (membrane morphology, charge, and

be placed into two main categories. The ﬁrst is exponential

hydrophobicity) (Kumar & Ulbricht ; Li et al. ;

empirical models, which can achieve perfect correspon-

Kumar & Ismail ; Sinha & Purkait ), type of solute

dence with

used (molecular weight (MW) (Qi et al. ), log Kow,

associated with a few impact factors and so are non-

and pKa), feed water characteristics (concentration, ion

universal. The physical meaning of each parameter is not

strength, and pH) (Sweity et al. ; Gao et al. ; Miao

clear, and such models fail to explain theoretically the

et al. ), and operating conditions used (pressure, temp-

phenomenon of membrane fouling. The second is phenom-

the experimental

results, but are only

erature, crossﬂow rate, and backwash interval) (Sim et al.

enal fouling models that describe fouling according to the

; Raffin et al. ), as well as effects from interactions

changes in membrane properties. The parameters in such

between the membrane, solute, and solvent (Adhikara

models have an exact physical meaning, but their complex-

et al. ; Lei et al. ; Tao et al. ).

ity limits their practical application.

For the efﬁcient application of these modules and to pro-

Usually, the extent of membrane fouling is assessed from

long their lifetimes, an accurate assessment of membrane

the ﬂux decline ratio, water recovery, and membrane fouling

fouling, a realistic optimization of the operating conditions,

resistance. It has been shown that different types of fouling

and an effective strategy for membrane cleaning are necess-

can exist with irreversible, reversible, and even similar ﬂux

ary, despite the high antifouling performance of the hollow

decline ratios. Therefore, Wang et al. proposed a membrane

ﬁber membranes. Many researchers have focused on

structure parameter model to describe the reduction in

dynamic analysis and simulations of fouling processes

mean pore size and pore density depending on the ﬂux

under different operating conditions, which is very impor-

based on hydrodynamic theory, and to some extent, this

tant in saving time and energy for the effective control of

model better reﬂected the UF membrane ﬁltration process

membrane fouling.

data (Wang & Wang ). However, this model neglected

Membrane ultraﬁltration (UF) processes have been ana-

the effect of rejection on membrane fouling. Fujita has devel-

lyzed using the gel polarization model, osmotic pressure

oped a model to simulate the effect of membrane blocking in

model, resistance-in-series model, and balance equations

outside-in hollow ﬁber membranes with the ﬂux and volume

(Fane ; Nabetani et al. ; Huang & Morrissey ;

of accumulated fouling particles (Kenji ).

Song ). Hermia et al. introduced four types of mem-

Based on the Fujita model, in this paper, a mathematical

blocking,

model for describing the fouling of inside-out hollow ﬁber

intermediate blocking, standard blocking, and cake ﬁl-

UF membranes is derived from hydrodynamic equations

tration. This model was valid for an unstirred, dead-end

coupled with the theory of depth ﬁltration. The effects of

ﬁltration mode (Hermia ). Huang et al. proposed a uni-

membrane characteristics, feed water properties, and the

ﬁed membrane fouling index based on the Hermia model to

membrane washing process, as well as other factors, on

quantify and assess the fouling of low-pressure membranes

UF membrane fouling are expressed using a single par-

brane

fouling

mechanisms:

complete

observed under both constant-pressure and constant-ﬂux ﬁl-

ameter: the membrane blocking coefﬁcient. Membrane

tration (Huang et al. ). Yeh et al. developed a modiﬁed

ﬁltration tests were conducted using diluted paper industry

correlation equation for predicting the permeate ﬂux of UF

wastewater in a constant-pressure operation mode, and the

membranes in hollow ﬁber modules derived from the

effects of different operating conditions, such as water
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Ripperger ):

were

evaluated. The correlation predictions obtained in this
study are simpler than those obtained in previous work.

pþ

v2
ðv  dvÞ2 32μv
¼ p  dp þ
þ
dx,
gD2 ρ
2g
2g

(1)

For laminar ﬂow, the term (dv)2 can be neglected, and

MATHEMATICAL MODEL

the above equation can be rewritten as:

Pressure drop inside a hollow ﬁber

v
32μv
dp ¼  dv þ
dx,
g
gD2 ρ

(2)

In an inside-out hollow ﬁber membrane, liquid permeates
through the membrane from the inside to the outside, resulting in a drop in pressure inside the hollow ﬁber, as shown in
Figure 1.
Traditionally, hollow ﬁber membrane modules are

where x is the distance from the inlet to the speciﬁc position,
(m); p denotes the lumen-side pressure at the x position (m);
D is the effective internal diameter (m); v is ﬂow velocity
inside the ﬁber (m/s); ρ is the water density (kg/m3); g is

designed to have a low aspect ratio (diameter to length)

the acceleration due to gravity (m/s2); and μ is the kinetic

in order to achieve a high packing density (surface area

viscosity coefﬁcient of water (cP).

per unit module volume) and to prevent collapse of the

The pressure drop inside a hollow ﬁber can be calcu-

ﬁber during pressure-driven ﬁltration. Carroll et al. found

lated using Equation (3), where the decrement ﬂow rate in

that a high internal pressure drop has important conse-

an inﬁnitesimal block of ﬁber is equal to the volume of

quences for the fouling of these membranes (Carroll &

water permeated in the same block.

Booker ). The change in internal pressure along the
length of the hollow-ﬁber membrane leads to an axially
dependent ﬂux through the membrane wall, which impacts

π 2
D dv ¼ πDudx,
4

(3)

on the degree of fouling (Decarolis et al. ). These axial
features play an important role in both the rate and mech-

This equation can be rearranged to form Equation (4):

anism of fouling during the initial and intermediate stages
of fouling, and the decrease in the permeate ﬂow rate is
dominated by these axial features until substantial fouling

dv 4
¼ u ¼ a1 u,
dx D

(4)

has occurred.
Therefore, the problem of dealing with the pressure dis-

where u is the ﬂux, in m/s, and a1 ¼ 4/D.

tribution can be approached by setting up an energy

For laminar ﬂow, the ﬂux can be assumed to be pro-

conversion equation within the differential length, dx, of a

portional to the transmembrane pressure (TMP), and can

hollow ﬁber. During steady-state operation (Altmann &

be described using the following equation:
u ¼ kð p1  p3 Þ,

(5)

where k is the permeability constant, and P3 and P1 are the
outside and inside pressures of the hollow ﬁber membrane,
respectively. Substituting Equations (4) and (5) into
Equation (2), we have:

Figure 1

|

Flow and pressure drop in an inside-out hollow ﬁber UF membrane.
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dp
v
8μ
¼ 1
,
dv
g
Dρkð p1  p3 Þ

(6)
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then ε0 ¼ 1, and when σ ¼ ε0, then ε ¼ 0:

we can neglect item 1, to obtain:
dσ
σ
∝1 ,
dt
ε0

dp
8μv
¼
,
dv ρgDkð p1  p3 Þ

(11)

(7)
On integrating Equations (9)–(11), and (5), we obtain:

Substitution of Equations (4) and (5) into Equation (7)
yields:
dp 32μv
¼
¼ a2 v,
dx ρgD2

(8)



dσ
σ
∝ ð p1  p3 Þu 1 
dt
ε0
Namely,

where a2 ¼ 32μ/(ρgD ).



dσ
σ
¼ β ð p1  p3 Þu 1 
dt
ε0

Relationship between membrane fouling and the

where β is the constant.

2

(12)

(13)

Substitution of Equation (5) into Equation (13) yields:

permeability constant, k





dσ
u
σ
β
σ
¼ u2 1 
¼β u 1
dt
k
ε0
k
ε0

Assumptions regarding membrane fouling
Membrane fouling can be classiﬁed as reversible or irreversible, according to the degree of foulant removal after
hydraulic backwashing. Irreversible fouling is mainly related
to the amount of foulant adsorbed in the membrane pores.
Therefore, the following assumptions were made in the
development of our analysis:

(14)

where k is the permeability constant, in order to simplify
the parameters, we used r instead of β=k, to obtain:


dσ
σ
¼ ru2 1 
dt
ε0

(15)

(1) All the dissolved organic matter retained in the mem-

where r is a constant with units s/m2, known as the mem-

brane pore that cannot be removed by hydraulic

brane blocking coefﬁcient, which captures the effects of

backwashing is likely to lead to irreversible fouling.

membrane characteristics, feed water characteristics,

(2) The volume of accumulated fouling particles at the x pos-

and cleaning methods.

ition at unit time, σ, is proportional to the TMP at the
Permeability coefﬁcient, k

speciﬁed position:

The permeability coefﬁcient, k, is equal to k0 during the initial

dσ
∝p1  p3 :
dt

(9)

ﬁltration stage. However, the permeate ﬂux and the permeability constant

will change with

the irreversible

accumulation of foulant. UF membranes have a thin top
(3) σ is proportional to the ﬂux at the speciﬁed position:

layer whose typical structure comprises closely packed polymeric spheres, the so-called nodular structure (nodule size ¼

dσ
∝u:
dt

(10)

20–100 nm), supported by a very open porous layer, often containing large elongated voids called macrovoids. This type of
membrane can be optimized to separate colloidal molecules

(4) σ is inversely proportional to the number of retained par-

in a low-molecular-weight solute (Smolders et al. ). The

ticles, i.e., the effective membrane porosity. When σ ¼ 0,

main separation mechanism in the UF process is governed
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by steric hindrance (or size exclusion). Therefore, according to

the lumen-side ﬂow rate in the membrane outlet, m/h;

traditional ﬁltration theory, the relationship between the head

and L is the membrane length, m.

losses, h, and the porosity, ε, can be given as:
TMP drop (ΔP)

ð1  εÞ2
u,
ε3

h∝

(16)

In the UF process, the TMP drop is as shown in
Equation (17):
p1  p3 ∝

The decrease in internal pressure along the length of a hollowﬁber membrane leads to an axially dependent ﬂux through the
membrane wall. Here, the average pressure, p, was calculated as:

ð1  εÞ2
u,
ε3

(17)

p¼

p1 þ p2
,
2

(21)

Compared with Equation (5):
k∝

ε3
2

ð 1  εÞ

,

(18)

Δp ¼ p  p3 ¼

Δp ¼

where ε ¼ ε0–σ.

p1 þ p2
 p3 ,
2

u
,
k

(22)

(23)

Assuming that the foulant in the membrane pores is distributed uniformly, then for ε ¼ ε0–σ, it can be shown that:

where P2 is the lumen-side pressure in the membrane inlet, m.

k
ε3 ð1  ε0 Þ2 ðε0  σ Þ3 ð1  ε0 Þ2
¼
¼
k0
ð1  εÞ2 ε30
ð1  ε0 þ σ Þ2 ε30

Establishment of membrane fouling model

3

¼

ð1  σ=ε0 Þ

½1 þ σ=ð1  ε0 Þ2

,

(19)

A mathematical model for describing the fouling of insideout hollow ﬁber UF membranes was derived from hydrodyn-

where σ is the ratio of irreversible fouling volume to pore
volume, k0 and k are the initial and process permeation
coefﬁcients, respectively, and ε0 and ε are the initial and process membrane porosities, respectively.

amic equations coupled with the theory of depth ﬁltration:
This expression for σ was integrated over the operational
time (0 < t < ∞) using the following boundary conditions:
σ t¼0 ¼ 0 and

σ t¼∞ ¼ ε0 ,

(24)

Integration of Equation (15) with the boundary con-

TMP drop

ditions above yields:
Average permeation velocity
The membrane permeate ﬂow rate decreases with the mem-



ru2 t
σ ¼ ε0  ε0 exp 
,
ε0

(25)

brane length, L, and therefore the average permeate ﬂow
rate was evaluated from the water ﬂow divided by the mem-

where t is the operational time. The membrane blocking

brane area as:

coefﬁcient, r, can be calculated using Newton’s iteration
method. Since k0 can be obtained from Equation (23)

u¼

ðv1  v2 ÞD ðv1  v2 Þ
¼
,
4L
a1 L

according to the initial TMP and permeation velocity, then
(20)

k can be obtained by the substitution of Equation (25) into
Equation (19). On combining this with Equation (23), the

where ū denotes the average permeation velocity, m/h; v1 is

relationship between the TMP and the permeation velocity

the lumen-side ﬂow rate in the membrane inlet, m/h; v2 is

and time can be derived.
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It can be seen that the conditions that led to an increase
in membrane fouling also led to an increase in the mem-

UF fouling experiments were carried out employing polysul-

brane blocking coefﬁcient, which, to a certain extent,

fone (PSf, molecular weight cut-off (MWCO) ¼ 100 kDa)

represented the degree of membrane fouling. The membrane

and polyacrylonitrile (PAN, MWCO ¼ 30 kDa) hollow

cleaning procedure was optimized according to the value of

ﬁber membrane modules, using the ﬁltration apparatus

the membrane blocking coefﬁcient.

shown in Figure 2. The ﬁbers had an internal diameter of
1.3 mm and an external diameter of 1.9 mm, and were
1,016 mm in length. Filtration occurred from the inside to

Effect of water recovery, membrane characteristics,

the outside of the ﬁbers. The ﬁbers were wetted and

and cleaning on r in the constant-pressure mode

degreased with ethanol, and ﬂushed thoroughly with MilliQ water. The feed stream was prepared using diluted
paper industry wastewater with UV254 ¼ 0.13.
After ﬁltration, chemical cleaning was carried out using
the following sequence: an NaOH solution (pH ¼ 12) followed by an NaClO solution (5 mg/L), then hydraulic
cleaning using tap water and an NaClO solution (5 mg/L).

Effect of type of cleaning and cleaning frequency on the
model parameter, r
It is usually accepted that the ﬂux decline in aqueous solutions is mainly caused by the adsorption or crystallization
of organic and inorganic foulants, possibly enhanced by
pore blocking and/or cake formation. Thus, effective membrane cleaning plays an important part in eliminating

RESULTS AND DISCUSSION
Membrane blocking coefﬁcient (r) under different
operating conditions
The set experimental protocols and the results for the membrane blocking coefﬁcient obtained in the constant-pressure
mode are shown in Table 1.

membrane fouling. Membrane cleaning involves hydraulic
and chemical cleaning to remove reversible and irreversible
membrane fouling, respectively. Different cleaning modes
have different applications (Al-Amoudi & Lovitt ). For
example, acid cleaning is suitable for the removal of precipitated salts, such as CaCO3, while alkaline cleaning is
employed extensively for adsorbed organics. Particulates
and colloids can only be removed by hydraulic cleaning.
Hydraulic cleaning methods are often adopted in UF for
drinking water treatment to achieve a water recovery
between 50% and 80%, owing to the dominant rejection
mechanism of steric hindrance. Four types of hydraulic
cleaning have been developed: forward ﬂushing, backwashing, forward ﬂushing followed by backwashing, and
backwashing followed by forward ﬂushing. In this study,
several combined washing methods were investigated, as
shown in Table 1 and Figure 3.
The value of r simulated using MATLAB procedures is
shown for each of these cleaning modes, respectively:
6,498, 6,637, 6,791, and 7,142 s/m2 (Table 1). According to
Equation (22), higher values of r will lead to more severe
membrane fouling. This study on the hydraulic cleaning of
fouled UF membranes shows the following:
(1) Backwashing is more effective than forward ﬂushing.

Figure 2

|

The UF membrane system used.
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Effect of membrane characteristics, water recovery, and cleaning methods on the membrane blocking coefﬁcient (r) in the constant-pressure operating mode

Membrane material

Cleaning frequency

TMP (kPa)

Backwashing pressure (kPa)

Forward ﬂushing pressure (kPa)

water recovery (Rw)

r (s/m2)

PSf

60 min

30

50 (90 s)

16 (30 s)

80%

3,737

PSf

60 min

30

50 (90 s)

16 (30 s)

100%

4,531

PSf

30 min

30

50 (90 s)

16 (30 s)

80%

4,552

PAN

30 min

30

50 (90 s)

16 (30 s)

80%

2,167

Cleaning type and cleaning duration
Protocol 1: backwashing 90 s þ forward ﬂushing 30 s

6,498

Protocol 2: forward ﬂushing 30 s þ backwashing 90 s þ forward ﬂushing 30 s

6,637

Protocol 3: backwashing 30 s

6,791

Protocol 4: forward ﬂushing 30 s

7,142

Figure 3

|

A comparison of the ﬁts to the experimental permeation velocity using models with different membrane cleaning modes and frequencies in a constant-pressure operating
mode with PSf membranes.
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Effect of water recovery on the model parameter, r

fourth cleaning protocols in Table 1 and Figure 3).
(2) A combined mode using backwashing (90 s) followed by

The water recovery (Rw ¼ Qp/QF, where Qp and QF are the

forward ﬂushing (30 s) was the most effective mode for

permeate and feed volumetric ﬂow rates, respectively) is

removing membrane fouling, with the smallest value of r

inversely proportional to the crossﬂow velocity. When the

(the ﬁrst cleaning protocol in Table 1 and Figure 3).

water recovery is low, the crossﬂow velocity is high. The

Liang et al. also found that backwashing followed by for-

permeate ﬂux increases linearly with increasing crossﬂow

ward ﬂushing was more effective for water recovery, and

velocity. In addition, at a high crossﬂow velocity, particles

that a 20 min duration was long enough to achieve cleaning

cannot be easily deposited onto the membrane surface

(Liang et al. ). Perhaps this is because backwashing dis-

(Choi et al. ). However, Wang and Fukushi observed

turbs any foulant deposited on the membrane surface, and

that membrane foulants are likely to result from the com-

the debris is ﬂushed out by the following forward ﬂushing

bined effects of particle size and water recovery (Wang &

process. In addition, using a combined washing process is

Fukushi ). On decreasing the water recovery, the MW

more water efﬁcient than using a single washing process.

of the foulant increases and a porous layer is formed. By

In another study, backwashing followed by a forward ﬂush-

contrast, when the MW of the foulant decreases, a denser

ing was applied during cleaning.

layer forms. In this study, water recoveries of 80% and

(3) The effect of the second cleaning protocol was less pro-

100% were investigated. A comparison of the ﬁts obtained

nounced. This could be because the initial forward

to the experimental permeation velocity is shown in Figure 4,

ﬂushing only partly removes the foulant, and some of

using a model with different ﬂux recoveries in the constant-

the removed foulant is ﬂushed into the internal pores

pressure mode (ΔP ¼ 30 kPa (3.06 mH2O), PSf UF mem-

and can become somewhat compacted. The ﬁrst clean-

brane, ﬁltration frequency ¼ 60 min, and forward ﬂushing

ing protocol is more effective.

pressure ¼ 16 kPa).

(4) It was also found that hydraulic cleaning alone could not

It has been reported that a reversible fouling layer is

effectively remove UF membrane fouling from diluted

likely to result from the combined effects of membrane

paper industry wastewater, and therefore, effective

pore size, particle size, and ﬂuid mechanics. Here, the mem-

chemical cleaning is necessary to detach different classes

brane pore size and the foulant properties are similar, so the

of foulants from the membrane to restore its permeate

main inﬂuencing factor is the water recovery. It is known

ﬂux characteristics.

that a strong turbulent ﬂow in the membrane channels is

Figure 4

|

A comparison of the ﬁts obtained to the experimental permeation velocity using a model with different ﬂux recoveries in the constant-pressure mode (ΔP ¼ 30 kPa (3.06 mH2O),
PSf UF membrane, ﬁltration frequency ¼ 60 min, and forward ﬂushing pressure ¼ 16 kPa).
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effective in reducing membrane fouling. Under laminar ﬂow,

(ΔP ¼ 30 kPa, ﬁltration frequency ¼ 30 min, backwashing

ﬂuid particles move along deﬁnite and observable paths or

pressure ¼ 50 kPa

streamlines, resulting in a change in momentum without

16 kPa (30 s), and water recovery ¼ 80%). The MWCOs of

mixing. However, in turbulent ﬂow, ﬂuid particles between

the selected PSf and PAN hollow ﬁber UF membranes

the streamlines exchange their momenta vigorously and ran-

were 100 kDa and 30 kDa, respectively. In principle, the

domly over a brief time interval, resulting in disturbance of

larger the membrane pore size, the higher the value of the

the fouling layer and a reduction in membrane fouling.

pure water ﬂux. However, the proﬁle of the permeation vel-

(90 s),

forward

ﬂushing

pressure ¼

On increasing the water recovery from 80% to 100%, the

ocity versus the operating time was similar for the different

membrane blocking coefﬁcient, r, increases from 3,737 to

membranes, while the membrane blocking coefﬁcient, r, dif-

2

4,531 s/m , as calculated using a MATLAB procedure.

fered greatly, with r ¼ 4,552 s/m2 for PSf and r ¼ 2,167 s/m2

Crossﬂow membrane ﬁltration can decrease the membrane

for PAN, as calculated using a MATLAB procedure. Long &

blocking coefﬁcient about 1.2 times more than dead-end ﬁl-

Hawkes () observed that membrane fouling was more

tration can. As a result, low water recovery is more effective

severe for larger pore sizes or higher initial ﬂuxes, compared

in reducing fouling because of the high ﬂow velocity. Fil-

with smaller-pore-size membranes or lower initial ﬂuxes

tration

in

because of the tendency toward irreversible fouling for

resistance

caused

by

a

concentration

polarization and a reversible fouling layer signiﬁcantly

larger-pore-size membranes from adsorption and membrane

decreases with decreasing water recovery because of a

pore blocking. Choi et al. () also found that large par-

high shear force. It is also shown in Figure 4 that the mem-

ticles, such as suspended solids in biological suspensions,

brane blocking coefﬁcient, r, is effective for determining the

may be more easily deposited onto microﬁltration (MF)

extent of membrane fouling, even though the ﬂux decline is

membranes than UF membranes at high ﬂux recoveries

near identical.

because of the larger size of the MF membrane pores.
The MWCO of the PSf membrane was greater than that

Effect of membrane characteristics on the model
parameter, r

of the PAN membrane, and the PAN membrane had a
higher degree of hydrophilicity than the PSf membrane. As
a result, considering the larger pores of the PSf membrane,

Figure 5 shows a comparison of the ﬁts obtained to the

it is hypothesized that this membrane required a higher

experimental permeation velocity using a model with differ-

crossﬂow velocity to prevent reversible fouling than the

ent membrane characteristics in the constant-pressure mode

PAN membrane did. Under the same conditions, the PSf

Figure 5

|

A comparison of the ﬁts to the experimental permeation velocity using a model with different membrane characteristics in the constant-pressure mode (ΔP ¼ 30 kPa, ﬁltration
frequency ¼ 30 min, backwashing pressure ¼ 50 kPa (90 s), forward ﬂushing pressure ¼ 16 kPa (30 s), and water recovery ¼ 80%).
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2012KTCL03-06, No. 2013KTCL03-16), Shaanxi Province

paring the r values listed in Table 1, the PAN membrane

Science and Technology Youth Star Project (Grant No.

resisted fouling better than the PSf membrane did because

2014KJXX-65) and the innovative research team of Xi’an

of its higher hydrophilicity.

University of Architecture and Technology.

CONCLUSIONS
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