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In the dairy industry, the use of acid, alkaline cleaners and sanitizers affects wastewater characteristics and
typically results in a highly variable pH, which will bring an impact on the wastewater on-line treatment. In
this study, the effect of pH on treatment of diary wastewater by nanofiltration was investigated using a
rotating disk membrane module. With increase of pH, NF membrane permeability was improved but
concentration polarization increased. Due to a stronger electrostatic repulsion between salt ions and
membrane at higher pH, permeate conductivity decreased. However, because of membrane swelling effect at
alkaline pH, the neutral organic solutes passed through membrane more easily, leading to an increase of
Chemical Oxygen Demand (COD) in permeate. Membrane fouling could be greatly alleviated at pH of 10, and
the fouling layer was mainly caused by the adsorption of acid radicals-protein aggregates, which also resulted
in pH reduction and conductivity increase in retentate. Real dairy wastewaters with different pH were also
treated and the results were very similar to those of model solution, while membrane fouling was very
sensitive to feed pHwhen pHwas larger than 8. These results from laboratory-scale tests can serve as valuable
guide for process control in industrial applications.
+33 3 4423 7942.
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1. Introduction

The dairy industry, like most other food industries, produces a
large volume of wastewater, essentially composed of diluted milk,
which are responsible for a 1–3% loss inmilk components (lactose and
proteins) [1]. Moreover, dairy wastewater also contains much
chemicals (acids, alkalis and detergents), most of which coming
from clean in place (CIP) systems [2]. This effluent results in water
eutrophication and is hazardous to aquatic life and soils, causing
significant environmental problems when it is discarded without
treatment. There are many technologies used to treat dairy waste-
water, such as coagulation [3], ecological treatment system [4],
anaerobic or/and aerobic reactors [5], membrane separation [6].
Membrane technologies have been often considered a promising
method to produce reusable water from dairy wastewater [2,7,8], and
they can be combined with other technologies to improve treatment
efficiency [9,10].

Several investigations have shown that nanofiltration (NF) was
adequate for concentration of dairy effluents and production of
reusable water [2,6,7,11]. However, with increase of organic content
in retentate during a concentration process, concentration polariza-
tion phenomenon becomes more important, due to a decrease of
shear rate in crossflow modules, leading to flux decline and permeate
quality deterioration [12]. Increasing fluid velocity can enhance the
shear rate at membrane surface, but also result in a large pressure
drop between inlet and outlet of membrane module, which leads to a
significant increase of local fouling at the inlet and nonuniform
transmembrane pressure (TMP). Shear-enhanced filtration systems,
for example, a rotating disk membrane (RDM) module, can solve this
problem because it generates a very high shear rate at membrane
surface (1–5×105 s−1) without pressure drop, reducing concentra-
tion polarization effectively [13,14]. It has been shown recently by Luo
et al. [15] that, under extreme hydraulic conditions of highest TMP
with high shear rate, the NF-RDM filtration system could produce a
better permeate quality and save energy, because of its very high
permeate flux (100–500 Lm−2h−1).

Another problem for on-line treatment of dairy wastewater by NF
is the pH variation of effluents, since the use of acid, alkaline cleaners
and sanitizers in the dairy industry influences wastewater character-
istics and typically results in a highly variable pH (3–11) [5,16]. As we
know, amembrane process is greatly affected by feed pH because both
membrane performances and solute properties change with pH
variation [17-21]. Rabiller-Baudry et al. [22] reported that, with
increase of pH, calcium ions and phosphate radicals linked to caseins
were increased, and the size of casein aggregates was minimum at pH
of about 9, thus causing the lowest critical and limiting flux for
crossflow filtration of skim milk by NF. They also found that
membrane fouling could be alleviated by elevating pH in feed.
However, there are few papers dealing with the role of pH in
treatment of dairy wastewater, and the influence of pH on permeate
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Table 1
Properties of NF270 membrane [17,21].

Index NF270

Membrane material Polyamide
Molecular weight cutoff (Da) 150–200
Lpa (Lm−2 h−1 bar−1) 25 °C 11.3±0.3
Max. temperature (°C) 45
Max. pressure (bar) 41
Contact angle (sessile drop) (°) 30
Zeta potential (mV) −62.5 (pH=6)

−70.5 (pH=8)
−75.0 (pH=10)

Isoelectric point (pH) ~3.2

a Pure water permeability.
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quality for NF of dairy wastewater is not very clear yet and needs to be
investigated systematically. Furthermore, because of special flux
behavior and fouling mechanisms for shear-enhanced filtration
system [15], the effect of pH on treatment of dairy wastewater by
shear-enhanced filtration system may be different from that in
crossflow filtration.

In this study, a RDMmodule was used to treat model and real dairy
wastewaters by a NF270 membrane at different pH. The focus of this
work was to discuss the effect of pH on permeate flux and solute
rejection during short-term full recycle tests, considering concentra-
tion polarization but not membrane fouling. Long-term experiments
at different pH were conducted to examine the variation of flux and
solute permeate during concentration processes. Membrane fouling
was studied in long-term tests and the formation mechanism was
discussed. All the conclusions were used to explain the different
phenomena for real effluents with different pH that found in previous
tests. The present work should be very useful for understanding the
effect of pH on NF process of dairy wastewater and serve as valuable
guides for process control in industrial production.

2. Materials and methods

2.1. Experimental set-up and membranes

The RDMmodule has been designed and built in our laboratory. As
shown in Fig. 1, thismodule is fed from a thermostatic and stirred tank
containing 12 L of fluid by a volumetric diaphragm pump (Hydra-cell,
Wanner, USA). The peripheral pressure (pc) was adjusted by a valve
on outlet tubing and measured at the top of the cylindrical housing by
a pressure sensor (DP 15–40, Validyne, USA), and the data was
collected automatically by a computer. The permeate was collected in
a beaker placed on an electronic scale (B3100 P, Sartorius, Germany)
connected to a computer in order to determine the permeate flux. A
NF membrane NF270 (Dow-Filmtec) was chosen to use according to
previous study [15], and based on the manufacturer's data sheet and
Fig. 1. Schematic diagram of the experiment se
literature [17,21], the properties of this NF membrane are shown in
Table 1.

2.2. Test fluid

A model effluent (pH=6.84) was prepared from commercial UHT
skim milk (Lait de Montagne, Carrefour, France), diluted 1:2 to one-
third of normal concentration with deionized water (Aquadem E300,
Veolia Water, France). Real effluents were collected from a local dairy
factory (Lactalis, Clermont, France) in two different batches, with pH
of 8.72 and 9.56, respectively. Real effluents were pretreated by two
sieves with pore size of 0.25 mm and 0.10 mm (Prolabo, Paris,
France).

2.3. Experimental procedure

A new membrane was used for each series of experiments to
ensure the same initial membrane conditions for the entire study. The
membranes were soaked in deionized water for at least 48 h prior to
use, and pre-pressured with deionized water for 30 min under a
t-up for rotating disk membrane module.
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Fig. 2. Variation of permeate flux as a function of TMP at different pH values. Rotating
speed=2000 rpm; T=35 °C; conductivity in feed=2.2 ms·cm-1.
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pressure of 40 bar at 25 °C. After stabilization, the pure water flux of
membranes was measured at five pressures of 20, 16, 12, 8, and 4 bar
to calculate water permeability (Lp). Before the experiments started,
the feed was heated to 35 °C, and pH was well adjusted with 1 M
NaOH and 1 M HCl to specific values as required, then conductivity
was adjusted to the same value by adding NaCl for each series tests,
during which the feed was fully recycled in the system at zero mean
transmembrane pressure (TMP), and this process lasted about 10 min
for each test. Then experiments were performed at a feed flow rate of
180 L h−1 in two series: short-term full recycle tests and long-term
concentration tests.

2.3.1. Series 1: short-term tests with full recycling
In order to investigate the effect of pH on permeate flux, solute

rejection and concentration polarization at a constant feed concen-
tration, this series was performed with permeate and retentate
recycling (3 L). The pre-filtration was carried out for 30 min at TMP of
10 bar and rotating speed of 2000 rpm, to ensure that membrane
became stable after pH changing. Then TMP increased in steps from 10
to 40 bar, and at the endwas returned to 20 bar to see if concentration
polarization has increased. Samples were all collected in permeate
10 min after the beginning of each TMP increment in order to have
stabilized flux and transmission conditions. After each test (at same
pH), used feed was evacuated from the system and the membrane
was flushed with deionized water, and then new feed was added. By
comparing the pure water permeability of membrane before and after
filtration, it was found that no visible irreversible fouling was found in
this series of experiments.

2.3.2. Series 2: long-term concentration tests
In this series, the permeate was not returned to feed tank and a

12 L feed was concentrated to 1.5 L (2 L for pH of 9–10) at a constant
rotating speed of 2000 rpm and a TMP of 40 bar. Samples were
collected in permeate every half of volume reduction ratio (VRR). In
order to obtain data of membrane fouling at the same permeate
volume for all pH, there was no pre-filtration process under pressure
for this series. When a concentration test ended, the filtration system
was flushed with deionized water until the rinsing water came out
clear, and Lp wasmeasured again to evaluate the degree of irreversible
fouling. Subsequently, a cleaning agent solution (P3 Ultrasil 10,
Ecolab, USA) at 0.05% concentration was used to clean themembranes
at room temperature (20–25 °C) for 30 min. Then the system was
rinsed by deionized water again until the pH of the rinse water was
neutral. Finally, the membranes were soaked in deionized water for
30 min to eliminate the effect of swelling by cleaning and then Lp was
measured again. The membrane used was taken out and a new
membrane was fitted for the next pH test.

2.4. Analytical methods

Turbidities of retentate and permeate were measured with a Ratio
Turbidimeter (Hach, USA). Chemical oxygen demand (COD) was
measured using Nanocolor Kits (Machery-Nagel, Hoerdl, France) in
order to quantify organic matter concentration. Conductivity was
measured with Multi-Range Conductivity Meter (HI 9033, Hanna,
Italy) and pH was measured with pH Meter (MP 125, Mettler Toledo,
Switzerland).

2.5. Calculated parameters

The volume reduction ratio (VRR) is defined as:

VRR =
Vo

VR
; ð1Þ

where Vo is initial feed volume and VR is retentate volume.
The mean TMP is obtained by integrating the local pressure over
the membrane area as follows:

TMP = pc−
1
4
ρk2ω2R2

; ð2Þ

where pc is the measured peripheral pressure, ρ is the density of the
fluid at 35 °C and k is the velocity factor (0.89 for this system), ω the
disk angular velocity and R the housing inner diameter.

The irreversible fouling index (IF) can be expressed as a
percentage of pure water permeability decrease after the experiment.

IF %ð Þ = Lpi−Lpf
Lpi

× 100 ð3Þ

where Lpi and Lpf are the initial and final pure water permeability
respectively.

3. Results and discussion

3.1. Effect of pH on permeate flux and solutes rejection (series 1)

Fig. 2 shows the variation of permeate flux with TMP at different
pH. Permeate flux increased almost linearly with TMP and the flux
values at different pH were very close, except for the flux profile at pH
10, which was a little higher at low TMP and then becomes lower than
the others at 40 bar. As we know, at the same TMP, permeate flux is
governed by membrane permeability and concentration polarization
of solutes according to the resistance model [23]. Mänttäri et al. [17]
found that when pH increased from 8 to 11, the hydraulic
permeability of NF270 membrane went up, due to an increase of
surface hydrophilicity. As seen in Fig. 2, permeate flux does not
increase with pH from 8 to 9, meaning that concentration polarization
increases with pH, and this negative effect on permeate flux cancels
the positive effect of membrane permeability rise. When pH rose to
10, presumably, at low TMP, concentration polarization increased less,
while the permeability was much increased, leading to a flux
elevation; but at high TMP, concentration polarization phenomenon
was more important, thus decreasing the flux.

In order to verify the above hypothesis, an in-depth analysis of
concentration polarization was carried out. In this case, concentration
polarization layer was mainly composed of two parts, salt ions and
protein molecules. First, due to the high diffusion coefficient of salt
ions, concentration polarization by salt ions was mainly controlled by
their rejections according to the Film model [24]; as shown in Fig. 3,
the increase of pH reduces permeate conductivity, meaning that more
salt ions accumulates at membrane surface. Secondly, protein
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Fig. 5. Variation of permeate COD as a function of TMP at different pH values. Rotating
speed=2000 rpm; T=35 °C; conductivity in feed=2.2 ms·cm-1.
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Fig. 3. Variation of permeate conductivity as a function of TMP at different pH values.
Rotating speed=2000 rpm; T=35 °C; conductivity in feed=2.2 ms·cm-1.
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molecules were almost completely rejected by NF270 and their
concentration polarization was governed by back transfer coefficient
of solutes. Because of the relatively low mobility, the dispersion of
protein polarization layer showed a little hysteresis when TMP
decreased [25], and a series of experiments was designed to evaluate
the effect of pH on concentration polarization of protein. In the first
test, TMP was increased from 10 to 20 bar, permeate flux was
measured at 20 bar (first test), and then TMP increased in steps from
30 to 40 bar for 30 min. In the second test, TMP was directly lowered
to 20 bar from 40 bar and the fluxwas recorded at 20 bar during 5 min
(second test). It can be seen in Fig. 4 that, after operating at high TMP
of 30–40 bar for about 30 min, permeate flux declines at the same
TMP of 20 bar. The decline was caused by the hysteresis of
concentration polarization dispersion and it was larger at pH≥8,
especially at pH=10. Therefore, it could be concluded that, higher pH
resulted in more severe concentration polarization, leading to a loss in
driving force via the enhanced osmotic pressure (salt ions layer) and
an increase in filtration resistance (protein molecules layer), and this
negative effect was much stronger when exerting higher pressure.
When operating at low TMP, the positive effect of membrane
permeability increase was dominant, and thus permeate flux at pH
of 10 was highest. While TMP increased to 40 bar, the negative effect
due to concentration polarization aggravation surpassed the positive
one, and as a result, permeate flux at pH of 10 was lowest.
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Fig. 4. Flux decline by concentration polarization of protein at different pH (no visible
irreversible fouling was found). TMP =20 bar; Rotating speed=2000 rpm; T=35 °C;
conductivity in feed=2.2 ms·cm-1.
Solution pH affected the charged characteristic of membrane
[17,21], and it was also reported that the NF membrane skin could
swell with increase of pH, and the swelling could be much more
susceptible to pH in concentrated salt solutions [26]. Therefore, solute
rejection by NF would be greatly influenced by pH in dairy
wastewater. As seen in Fig. 3 and Fig. 5, as pH rises from 6 to 10,
permeate conductivity decreases but permeate COD shows a reverse
trend. This could be explained as follows: first, the main separation
mechanism for salt ions was electrostatic repulsion, and with increase
of pH, membrane was more negatively charged [17,21], inducing a
stronger electrostatic effect between salt ions and membrane, thus
leading to a decrease of conductivity in permeate, but this effect
would be weakened by flux decline due to concentration polarization
increase at maximum TMP; secondly, steric exclusion was the
dominant mechanism for rejecting neutral organic matters by NF,
and permeate CODwasmainly composed of lactose for dairy effluents,
which would pass through membrane more easily at high pH because
of membrane pore swelling effect [15,17,21,27]. In addition, for a pH
of 10, with increase of TMP, solute concentration in permeate
gradually stopped decreasing or went up a little, which also resulted
from the severe concentration polarization at high pH. Actually,
solutes passed through membrane by two transport mechanisms—
convection and diffusion [28]. The first was controlled by permeate
flux, and solute concentration in permeate decreased at a higher
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Fig. 6. Variation of permeate flux during concentration process at different initial pH.
TMP=40 bar; Rotating speed=2000 rpm; T=35 °C; conductivity in feed=2.8 ms·cm-1.
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water flux due to the “dilution effect”; the second was governed by
solute concentration at membrane surface, and solute concentration
in permeate increased when concentration polarization rose. With
increase of TMP, convection transport was dominant in the early
stage, and as permeate flux increased, concentration polarization
becamemore andmore important [29], and finally diffusion transport
prevailed over convection, causing increase of solutes in permeate
with TMP.
3.2. Effect of pH on concentration process (series 2)

Concentration tests were performed under extreme hydraulic
conditions (TMP=40 bar, rotating speed =2000 rpm) to examine
the effect of pH in a long-term run. In Fig. 6, as VRR increases,
permeate flux steadily declines except for the cases of pH of 9.3 and
10.1, where flux increases at first before decreasing. This was caused
by the absence of pre-filtration, as membrane performance did not
become stable before the concentration tests started, and the rise of
membrane permeability at alkaline pH occurred at the beginning of
concentration processes. Moreover, as seen in Fig. 6, permeate flux at
initial pH above 8 is much lower than those at pH 6–7. The main
reason was the severe concentration polarization for alkaline pH as
discussed in Section 3.1, and at the same time, the total salt ions
content in retentate affected the permeate flux during concentration
process. As shown in Fig. 7, when VRR is less than 3, permeate
conductivities at initial pH of 8.4 and 9.3 are lower than that at a pH of
7.4, and more salt ions accumulate at membrane surface at higher pH,
partially inducing a lower permeate flux. For initial pH of 6.3, although
the flux was very high, the permeate conductivity was so large that it
exceed the allowed limit (1000 μs cm−1) [13]; for neutral pH, profiles
of flux and permeate conductivity were the most suitable; for initial
pH of 10.1, because of the largest concentration polarization, the flux
Table 2
Effect of pH on permeate quality⁎ and membrane fouling.

Initial feed pH Turbidity
(NTU)

COD
(mgO2 L−1)

Conductivity
(μs cm−1)

IF
(%)

6.3 0.50 46 1441 28.79
7.4 0.52 36 660 23.56
8.4 0.52 53 650 20.41
9.3 0.58 73 515 23.26
10.1 0.63 152 795 14.05

⁎ Mean turbidity, COD and conductivity in accumulated permeate at the end of
filtration.
was lowest, resulting in a drop of salt ion rejection. It was reported
by Rabiller-Baudry et al. [22] that, for alkaline pH, calcium ions and
phosphate radicals were more likely to link to caseins, and this
resulted in the formation of cross-linked organic polarization layers
on the membrane surface through active organic-calcium complex-
ation [30]. This couldwell explainwhy concentration polarizationwas
the largest at highest pH.

Table 2 shows the mean turbidity, COD, and conductivity in
accumulated permeate and irreversible fouling at the end of
concentration. Due to the low permeate flux and some membrane
swelling for pH of 9.3 and 10.1, turbidity and COD in permeate
increased. The lowest COD in permeate for initial pH of 7.4 was caused
by its highest permeate flux, and the lowest conductivity in permeate
for initial pH of 9.3 resulted from the strong electrostatic repulsion
between membrane and salt ions. Thereby, the mean COD and
conductivity in accumulated permeate at the end of filtration at pH 7–
9 are well below the “authorized limit” (COD~125 mgO2 L−1,
conductivity~1000 μs cm−1) [13]. The irreversible fouling was
smallest for initial pH of 10.1, and this result was in agreement with
that in Rabiller-Baudry et al. [22]. On the one hand, NF270 membrane
was more charged at pH of 10 and thus its anti-fouling performance
was enhanced; on the other hand, due to a strong inter-chain
electrostatic repulsion at pH of 10.1 [31], the cross-linked protein
macromolecules become less compact and made more difficult to
form a fouling layer [32]. However, the initial pH of 9.3 did not reduce
membrane fouling (see Table 2), and even decreased the cleaning
efficiency, as shown in Fig. 8. A possible reason was that, the size of
casein aggregates was minimum at pH of about 9 [22], thus inducing
the most compact fouling layer at the membrane surface. However, as
seen in Fig. 8, chemical cleaning can effectively remove most of
membrane fouling in NF of dairy wastewater.

3.3. pH variation in retentate during treatment

pH in retentate decayed with increase of VRR for all concentration
experiments, as shown in Fig. 9. Luo et al. [15] suggested that, the acid
radicals (e.g. phosphate) could precipitate with caseins as well as with
calcium, and thus more hydrogen ions were produced by electrolysis
and pH decreased. If this is true, pH reduction would occur with
fouling layer formation, and conductivity in retentate will be
enhanced because hydrogen ions have the highestmolar conductivity.
To verify this assumption, full recycle tests for a cleaned membrane
and a fouled membrane were carried out, and both pH and
conductivity in retentate were monitored. The full recycle operation
can ensure that solute concentration in retentate is constant and
the variations of pH and conductivity in retentate are just caused
by fouling formation. The difference between these two series
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Table 3
Comparison of treatment results between model solution and industrial effluent with
different pH.

Index Model solution Batch 1 Batch 2

Feed/permeate

Turbidity (NTU) NA/0.57 101/0.56 100/0.57
COD (mgO2 L−1) 36000/54 297/b15 580/b15
Conductivity (μs cm−1) 2170/685 1084/525 1516/317
pH 6.8/6.6 8.7/7.9 9.6/9.00
IF (%) 21.88 26.87 13.40
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experiments was that, membrane fouling was negligible in 2 h in the
first case with frequent chemical cleaning, but for the second case,
membrane fouling has been aggravating due to adsorption of casein
aggregates to membrane surface. It can be seen in Fig. 10 that, when a
membrane fouling is not visible (permeate flux is almost constant),
pH and conductivity in retentate keep almost constant, while
membrane is used again and again without any chemical cleaning,
permeate flux declines with time, and pH in retentate reduces and
conductivity goes up as expected. Accordingly, the membrane fouling
mechanism in NF of dairy wastewater by RDM module could be
discussed as follows: the phosphates, lactate and citrate ions in dairy
effluents precipitated with caseins, and these aggregates adsorbed to
membrane surface, leading to a decline of permeate flux; at the same
time, more hydrogen ions were generated by electrolysis and pH in
retentate dropped, whereas conductivity increased.
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3.4. Treatment of real effluents

As seen in Table 3, real effluents have much less organic matters
and inorganic salt than model solution, but their pH was much higher
due to the use of alkaline solution as cleaning agent. Moreover, the
components and concentration of effluents in milk factory changed
with time. Tests were performed in two batches of real effluents with
different pH in order to find the effect of pH on treatment
performance of NF. Fig. 11 shows the variation of permeate flux
with VRR for different feeds. Unexpectedly, the flux of real effluents
was of the same level as that of model solution despite different
compositions (see Table 3). This result was well discussed in a
previous study [15]. Here, the point that needs to be clarified, is the
reason why the flux for real effluents was so different at pH of 8.72
and 9.56. First, when VRR was less than 2.4, permeate flux for Batch 1
was lower than the other one, which resulted from the higher
membrane permeability for Batch 2 with higher pH (see Section 3.1)
and greater membrane fouling for Batch 1 (see Table 3). Then, due to
the severe fouling for Batch 1, its pH in retentate reduced a lot and
thus concentration polarization aswell as salt ions rejection decreased
(see Section 3.1). These effects were positive for permeate flux, as
they counteracted the negative effect of an increase of solute
concentration in retentate with increasing VRR, therefore, inducing
a stable flux profile for VRRN2. However, for Batch 2, membrane
fouling was low and pH in retentate decreased little, and consequent-
ly, salt ions rejection remained very high (see Table 3). With increase
of VRR, solute concentration increased, and permeate flux decreased
due to the rise of osmotic pressure atmembrane surface. Furthermore,
the results in Table 3 were consistent with those of model feed in
Table 2, confirming the effect of pH on NF of dairy wastewater by RDM
module. However, by comparing the model solution at an initial pH of
9.3 with the real effluent of Batch 2 at a pH of 9.6, it could be found
that, although their pH was only a little different, their flux profiles
and membrane fouling were quite different. For the model feed, pH in
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Fig. 11. Comparison of permeate flux between model solution and real effluents with
different pH. TMP=40 bar; rotating speed=2000 rpm; T=35 °C.
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retrentate decreased from 9.3 to 8.3 and irreversible foulingwas about
23%. For the real feed with pH of 9.6, the fouling was just about 13%.
This means that membrane fouling is very sensitive to pH of dairy
effluent in a range of 8–10.

4. Conclusions

The pH variation of dairy wastewater had a large impact on the
separation performance of NF. Operating at acid pH resulted in high
permeate flux, but low salt removal, and for alkaline pH, membrane
fouling could be alleviated, but permeate flux decreased due to a
severe concentration polarization. A dairy wastewater with pH of 7–
8 was most suitable to be treated by the NF-RDM module under
extreme hydraulic conditions because of a good compromise between
permeate flux and membrane fouling as well as a satisfactory
permeate quality.

With increase of pH, the electrical charge of NF270membrane rose
and the stronger electrostatic repulsion between salt ions and
membrane, which lowered permeate conductivity, while COD in
permeate increased because of membrane pore swelling at alkaline
pH. The acid radicals (e.g. phosphate) in dairy effluents could
precipitate with caseins to form aggregates, which adsorbed to
membrane surface and induced permeate flux decline. As the fouling
layer formed at membrane surface, more hydrogen ions were
produced by electrolysis, and thus pH in retentate decreased, whereas
conductivity in retentate increased.When pHwas about 9, membrane
fouling was more compact and chemical cleaning efficiency fell.

Real dairy wastewater with different pH was processed under
extreme hydraulic conditions and the results were similar to those
of model solution. Moreover, the peculiar flux profiles for the real
wastewater were mainly caused by pH variation during concentration
process, and membrane fouling was very sensitive to feed pH in a
range of 8–10.
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