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Abstract
An integrated system ultrafiltration membrane-coagulation has been employed for removal of chemical oxygen
demand (COD) and turbidity from baker's yeast efﬂuents. Fouling in the membrane is a common problem; chemical
coagulation has been used as a pre-treatment method to mitigate fouling. Poly aluminum chloride (PACl), aluminum
sulfate and lime had been used as coagulants. The results indicated that PACl exhibited higher removal efficiency
than other coagulants. Two-stage coagulation and combination of coagulants were also investigated. The removal
efficiency of COD and turbidity were achieved 68% and 81% by two-stage coagulation by PACl-lime, respectively.
The effects of operating conditions on the ultrafiltration process for two types of hollow fiber membranes
polyvinylidene fluoride (PVDF) and polypropylene (PP) on permeate flow rate, turbidity and COD removal of
wastewater were further investigated. The results showed that by increasing the feed pressure, flow rate and feed
temperature the permeate flow rate increased and the removal efficiency decreased. Under optimum conditions,
PVDF membrane showed higher performance but compromised the flux compared to PP membrane.
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Introduction
Water is one of the most necessary resources for the survival of all
known living species. Increasing water demand and excessive
consumption of it cause to reduce freshwater resources in the world. In
addition, the development of various industries and population growth
will lead to a global crisis of water in the near future. The major
challenge for most of the countries is providing clean water for various
human activities such as drinking, agriculture, and industry [1,2].
Furthermore, severe environmental codification in order to improve
the quality of the production units’ effluent increases the requests for
treating wastewater and reusing it in different regions of the developed
and developing countries. Therefore, using new technologies in the
field of wastewater treatment and reuse of wastewater have attracted
great attention of scientists [3]. The use of membranes in a wastewater
treatment process brings many potential advantages [4,5].
•
•
•
•
•

Compactness compared to biological processes
Clean process compared to physicochemical processes, using
chemicals
The MWCO may be fitted to the characteristics of the wastewater
and to the efficiency required
High removal efficiency
Green technology
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Membrane filtrations are usually classified according to pore size to
three main groups including microfiltration (MF), ultrafiltration (UF)
and nanofiltration (NF). Ultrafiltration membranes have a pore size
range of 0.01 µm to 0.1 µm, and are usually characterized by their
molecular weight cut-off (MWCO). UF process is able to remove
viruses, emulsified oils, metal hydroxides, colloids, proteins, and other
large molecular weight materials from water and other solutions[6].
The most important problem confronted in the application of
membrane technology is membrane fouling. Membrane fouling
contributes to membrane life decrease and power consumption
increase, and gives rise to operational and economic problems for
industries employing membrane separation [7,8]. A primary factor
which intensifies fouling is natural organic matter (NOM). Membrane
fouling by NOM makes the effective capacity of the process lower and
decreases membrane permeate flux and also requires more frequent
replacement of the membrane[9,10].
In order to prevent fouling, using pretreatment methods to decrease
the feed of NOM has been a useful approach [10]. Various
pretreatment methods such as chemical coagulation [11-15],
electrocoagulation [16,17], adsorption[18], and ozonation [19], before
the membrane technology, had been used to remove NOM and to
mitigate fouling [20]. Due to the low cost and easy use of chemical
coagulation, it is commonly applied and researched. Likewise, most of
the NOMs, especially the hydrophobic fraction of them as well as high
molecular mass (HMM) compounds, affecting membrane fouling
greatly, can be removed by chemical coagulation [21].Chemical
coagulation is a process to destabilize the colloids by forcing small
particles to aggregate and to form larger structures (flocs)[22]. The
NOM removal by chemical coagulation occurs through combination of
four aggregation mechanisms, namely charge neutralization,
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entrapment, adsorption, and complexion with inorganic coagulants
such as aluminum and iron salts, or perhydrolized aluminum
coagulants, e.g. polyaluminum chloride (PACl) and poly(aluminum
sulphate) (PAS). In recent years, PACl has so far been applied in water
and wastewater treatment due to high efficiency in low dosage ranges,
low sensitivity to solution temperature, and its low impact on pH of
treated water. PACl contains significant amounts of known as Al13 or
Alb. This compound has been observed the most efficient Al-species
for contaminant removal due to its larger size and higher positive
surface charges [23,24].
One of the most common problems about PACl is Light and floating
flocks that cause poor sedimentation and Low Quality effluent [25]. In
this situation, the use of ultra-filtration membranes after coagulationssedimentation processes has significant effect in effluent quality.
Actually, chemical coagulation significantly promoted permeation
rates, although it has less impact on the wastewater quality. On the
other hand, membrane filtration has high particle removal regardless
of coagulation pretreatment.
Baker’s yeast industries generally use molasses as the raw materials
include operations and processes such as molasses preparation,
fermentation, and separation and drying of yeast and produce a large
quantity of wastewater. The main problems in the treatment of baker’s
yeast wastewater are color, odor and high concentration of COD in the
efﬂuent. In recent years, due to the high concentration of pollutants in
the effluent of this industry, a wide variety of stand-alone processes
including biological such as aerobic and anaerobic treatments, physicochemical including chemical coagulation, adsorption and membrane
separation processes and electrochemical procedures like
electrocoagulation technology [26-35] have been reported for the
treatment of baker’s yeast wastewater. The results of the relevant studies
show that the pigments (melanoidin) in molasses wastewater are
refractory to bio-degradation. For example, Pirsaheb et al investigated
the removal of color and COD from baker’s yeast wastewater using
anaerobic baffled reactor and the results of removal efficiency of color
and COD were about 43% and 95%, respectively. On the other hand,
using electrochemical methods are commonly associated with less
effective to remove COD, high equipment, and operational costs. Using
electrocoagulation was studied by Kobya et al for baker’s yeast
wastewater. Under the optimal conditions, COD and turbidity removal
efficiency about to 71% and 90% be achieved, respectively. Moreover,
coagulation removal of COD and color from yeast wastewater using
aluminum sulfate was investigated by Zhou et al. Experimental results
in this study indicated that the removal efficiency of COD and color
were 67% and 89%, respectively. Thereupon, the contaminant removal
by stand-alone processes is not sufficient and in order to achieve a high
degree of purification, using combination method is necessary [36].In
our previous work, we used hollow fiber membrane and filamentous
fungus in MBR of baker’s yeast wastewater treatment. COD and BOD5
of the wastewater were reduced to 488 and 70 mg/L, respectively, over
a period of 45 days, while the turbidity of the wastewater reduced from
134-282 NTU to less than 2.5 NTU in the permeate stream [37,38].
The purpose of this study was to optimize the coagulation process as
a pretreatment for UF membrane and to study the effects of the
parameters that influence over membrane permeate flux and its
quality. Moreover, the combination of coagulation and UF processes is
compared with the coagulation alone and UF-alone processes in
optimal conditions. This study attempts to elaborate the important of
an integrated system of membrane process with conventional chemical
coagulation in treating the wastewater from baker yeast production.
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Materials and Methods
Wastewater characteristics and coagulation procedure
The baker’s yeast wastewater used in this study was obtained from
the Dezmayeh Baker’s Yeast factory in Dezfoul, Iran. The raw
wastewater is characterized by a pH of 7.5–7.9; turbidity of 1370 NTU
and the concentration of COD of 13000 mg/L. Coagulation/
ﬂocculation tests were performed using a conventional jar tester
(Model PB-900, Phipps & Bird). For each trial, 1 L samples were
poured into 1 L beakers. Coagulant was added and then jar tests began
with rapid mixing at 100 rpm for 5 min, followed by slow agitation of
40 rpm for 15 min. Subsequently, the formed ﬂocs were allowed to
settle. After sedimentation, approximately 40 mL samples were
withdrawn with a pipette from near 2 cm below the surface for
analysis. The pH was adjusted to desirable value using concentrated
sulfuric acid or 1 M solution of sodium hydroxide. All of the
experiments were carried out at ambient temperature (25–28). Poly
aluminum chloride (PACl), aluminum sulfate (Al2(SO4)3) and lime
(Ca(OH)2) were used as coagulant to remove color and chemical
oxygen demand (COD) from molasses efﬂuent. In addition, the main
operating conditions such as pH and coagulant dosage were
investigated for each coagulant. Then the coagulated/ﬂocculated
wastewater was transferred for ultrafiltration. A schematic diagram of
experimental setup is shown in Figure 1.

Figure 1: Schematic diagram of the experimental setup of CC/UF
combination.

Ultrafiltration procedure
Ultrafiltration experiments (cross flow) were carried out on the
commercial hollow fibers membranes made of polyvinylidene fluoride
(PVDF) and polypropylene (PP) (Parsian Pooya Polymer Co., Iran)
with a lab-scale pilot. Due to outstanding properties of PVDF
membranes such as high thermal stability, good chemical resistance,
and resistance to most of the corrosive chemicals and organic
compounds, PVDF membranes have been handled by many
researchers and industries [39]. On the other hand, the PP
ultrafiltration membrane was applied due to larger pore size than the
PVDF membrane which provides higher amount of flux in spite of
lower quality. Before the feed solution was introduced into the
membrane unit, deionized water was ﬁltered at different set ﬂow rates
until a stable pressure was reached for each ﬂow rate. The
characteristics of the membranes are tabulated in Table 1.
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Membrane
material

Pore size
(nm)

Effective
surface area
(m2)

Max.
pressure
(bar)

Outer/Inner
Diameter (mm)

PVDF

40

0.6

4

1.3/0.7

PP

100-200

1.5

4

0.5-0.55/0.35-0.4

Table 1: Ultrafiltration membranes characteristics.

turbidity did not considerably decrease at very high doses of alum
(>1000 mg/L) Soh et al. [42] reported that for alum, larger MM
components of effluent are removed efficiently, nonetheless lower MM
components are recalcitrant against removal by coagulation. The
extracted results from Figure 2 suggest that initial enhancement of
alum and lime coagulants would lead to significant increase in removal
efficiency; while after elimination of larger MM particles the effect of
additional coagulant dose on the removal of residual lower MM
particles is negligible.

Results and Discussion
In this study, an integrated method in two stages was utilized for the
treatment of wastewater and the aim of this approach is to decline the
overall contamination of the wastewater in a variety of conditions. All
of the experiments were carried out in duplicate.

Coagulation
With the coagulation as a pretreatment, the coagulant concentration
and initial solution pH were the most effective parameters which
should be considered.

Figure 2: Effect of coagulants’ concentration on (a) COD removal;
(b) turbidity removal.

Effect of coagulants and their concentration
Jar tests were performed on samples with different concentrations of
three types of coagulants to investigate the effects of the coagulants
concentration. Actually, the effectiveness of coagulation to remove
NOM substantially depends on the properties of NOM and the
coagulant dose. Baker’s yeast wastewater consists of Melanoidins, one
of the HMM polymers. The predominant mechanism for wastewater
treatment by HMM NOM is chiefly charge neutralization [40]. Figure
2 illustrates the effects of PACl, alum, and lime dosages on the COD
and turbidity removal efficiency at constant initial pH of wastewater.
The results indicate that the COD removal efﬁciency reached to its
maximum by enhancement of the coagulant dosage.For PACl, alum
and lime, the highest COD removal efﬁciency were 51, 45 and 40%
respectively. Correspondingly, the optimum concentration of
coagulants would be 500, 800 and 1800 mg/L. Melanoidins is high
molecular weight nitrogenous polymers and have negative charges due
to the dissociation of functional groups. Liang et al study shows that
ferric chloride has higher melanoidin removal compared to alum. The
reason was higher affinity of ferric ion to the reaction sites of
Melanoidins. The results also showed that PACl was more effective
than alum and lime to remove COD and turbidity. Uses of PACl in the
treatment of dyes wastewater formed aluminium hydroxo-complexes
during hydrolysis reaction, resulting in a high volume of precipitates
consist of insoluble aluminum poly-hydroxides [41]. High efficiency
removal by PACl can be the reason of absorbed onto the positively
charged surface of the hydroxo-complexes due to Melanoidins
functional groups through electrostatic attraction.
According to the ﬁndings reported by Liang et al, removal efﬁciency
ﬁrst increases with raising coagulant dosage, reaching the maximal
value, and then declines with further coagulant addition[30]. The
Addition of the coagulant dose greater than 500 mg/L of PACl resulted
in positive charge induction to the complexes intensified repulsive
forces between them. This phenomenon could bring destruction to the
formed flocs; thus, both of the removal efﬁciency for COD and
turbidity decreased severely. Moreover, the amount of COD and
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Effect of initial pH
The main aim of this experiment was to investigate the inﬂuence of
initial pH of wastewater on coagulation efﬁciency at the predetermined optimum coagulants concentrations. In all coagulation
mechanisms based on behavior and interaction of colloids, the
formation of metal hydroxides depends on the surface charge. In
addition, the surface charge of the colloids is a function of pH of the
solution. The results indicate that in the case of baker's yeast
wastewater, the highest removal rate is in the alkaline pH range from 8
to 10 (Figure 3). On the contrary, the removal efficiency decreased in
acidic pH. Similar ﬁndings have been previously reported by Liang et
al. [30], Zhou et al. [32] and Liang et al. [31]. At the acidic range of pH,
excessive absorption of H+ and highly charged particles lead to
breakup of the electrical interaction of colloids. As a result of the small
flocs, the rate of destabilization of colloids is low [43,44].In this case, it
seems that the flocs have been formed in the higher range of pH by
trapping wastewater particles in the polymeric chain of coagulant. This
mechanism is called sweep coagulation; the particles in the baker’s
yeast wastewater may form the core of the flocs whichcan aggregate to
form sediments. These sediments will be finally deposited [45].
The obtained results suggest that the hydrolysis of PACl strongly
depends on pH (Figure 3). In acidic condition, PACl is hydrolyzed as
monomer and in neutral condition, it converts to multi-core and PACl
comes into compounds such as or under alkaline condition [46]. Each
of these species has different coagulation mechanisms in the effluent,
i.e. the ions form flocs by charge neutralization mechanism and the
aluminum hydroxides use sweep coagulation and bridge-aggregation
mechanisms. Sweep coagulation achieves higher coagulation efficiency
rather than other mechanisms [45,47].
Accordingly, the highest COD and turbidity removal efficiency
achieved in the alkaline range of pH about 8-10 using PACl.
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Figure 3: Effect of Initial pH on (a) COD removal, (b) turbidity removal.

Two-stage coagulation and combination of coagulants
In order to determine the highest removal rate in the pre-treatment,
the effects of two-stage coagulation and the combination of two
coagulants were investigated. In this process, at least one of the
coagulants is selected among inexpensive ones to consider the
economical consideration. In this study, the PACl as an effective
coagulant and lime as an inexpensive coagulant were combined. The
experiments included 3 methods that are suggested, as follows:
•
•
•

Coagulation of raw wastewater by PACl (in the optimum
condition) and then coagulation of the treated wastewater in the
previous stage by various lime dosages (Figure 4).
Coagulation of raw wastewater by lime (in optimum condition)
and then coagulation of the treated wastewater in the previous
stage by various PACl dosages (Figure 5).
Coagulation of raw wastewater by two coagulants PACl and lime in
optimum dosage of each one simultaneously.

Figure 4 and 5 show two-stage coagulation methods are effective in
terms of removal efficiency. It is likely that the broken flocks that have
not sufficient density to deposit can be reformed during the second
stage. Then, they can further connect and aggregate to higher effective
density and size[45]. The maximum COD removal efficiency of
methods 1, 2 and 3 were 68, 63 and 53% respectively. Therefore,
method 1 was membrane pretreatment method in this study. The
advantages of using two-stage coagulation by lime and PACl were that
in addition to promotion of removal efficiency. On the other hand as
alkaline property of lime, we saw that it increased pH of the wastewater
in optimum pH range of PACl (8-10) and, therefore, we didn’t need to
add NaOH to increase pH value.

14˚C and velocity of 2 m/s to evaluate the effect of the transmembrane
pressure on the permeation flow independently.
Moreover, by comparison of the results of PP and PVDF efficiency,
it can be found that the removal efficiency of PVDF membrane is
greater than PP membrane, and that is why the differences in the
structure of these membranes.
Effect of feed temperature: The effects of feed temperature on
permeate flux for both of the PVDF and the PP membranes are
depicted in Figure 8. The results reveal that the permeate flux increases
by enhancing the temperature of the feed from 15 to 60˚C. It can be
theoretically concluded as temperature increases, the diffusion
coefficient increases while viscosity decreases leading to a reduction of
the Schmidt number .In addition, feed temperature increment affects
the size and density of membrane network pores resulting in an
increase in permeate flux [51-54] also reported a 60% increase in
permeate flux by enhancing the feed temperature from 20 to 40°C.
Furthermore, the effect of feed temperature on COD and turbidity
removal efficiency is shown in Figure 9. The removal efficiency of the
UF membranes decreases by rising temperature. In fact, increasing
temperature causes a decline in the size of colloids and deformation of
particle aggregates to sub-micron size range which can cross through
the membrane pores easily [55].Therefore, increasing temperature,
increases permeate flux of the membrane and cross contamination
particles of the feed and the membrane removal efficiency decrease.

Ultrafiltration
Effect of transmembrane pressure (TMP): Transmembrane pressure
affects the behaviour of membrane. By increasing pressure, the driving
force which is needed for fluid to pass through the membrane
increases. This phenomenon leads to an increase in flux (Figure 6).
Base on Darcy’s law, increasing pressure results in rising permeate flux
although leads to compression of the sediments, and accelerates
fouling on the surface of the membrane pores [49, 50]. All of the
experiments were conducted at the constant operating temperature of
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Figure 4: Effect of lime concentration on COD removal efficiency of
treated wastewater by PACl in concentration of 500 mg/l.

Figure 6: Effect of transmembrane pressure on permeate flux.
The results, as shown in Figure 7, show that the removal efficiency of
COD and turbidity decreased as pressure increased. Indeed, permeate
flow rate increases by enhancing transmembrane pressure. Therefore,
the possibility of cross contamination particles increases and reduces
the membrane removal efficiency [51].

Figure 5: Effect of PACl concentration on COD removal efficiency
of treated wastewater by lime in concentration of 1800 mg/l.

Figure 7: Effects of TMP on COD and Turbidity removal.
Effect of cross flow velocity: The effects of cross flow velocity on
permeate flux and removal efficiency of the membranes was studied by
some experiments within a velocity range of 1-3 m/s. The reported
results in Figure 10 show that increasing velocity causes an increase in
turbulence and mass transfer coefficient. Therefore, the effect of
polarization is weakened and the permeate flux increases significantly
[56].
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Figure 8: Effect of feed temperature on permeate flux.

Figure 10: Effect of cross flow velocity on COD and turbidity
removal.
Increasing cross flow velocity through the UF membrane leads to a
decline in COD and turbidity removal efficiency Figure 11. This
phenomenon might be affected by the formation of fouling layer. At
low velocity, the fouling layer easily grew and natural organic matter
can accumulate on this layer. The fouling layer acted as another ﬁlter
layer that increased the resistance of passing organic matter through
the membrane. The adsorption or precipitation of organic matter on
the fouling layer leads to substantial reductions of the turbidity and the
concentration of COD in the permeate which would result in higher
removal efficiency [57,58].

Figure 9: Effect of feed temperature on COD and turbidity removal.

Figure 11: Effect of cross flow velocity on permeate flux.
The integrated system of CC-UF shows a better separation
performance in comparison to UF only and coagulation only systems.
Jin et al. [59] reported a 25% increase in DOC removal using in-line
CC-UF treatment rather UF direct. Performance of UF is improved by
coagulation owing to incline the concentration of particles that can
pass through pores and block them, or form a high resistance barrier
as a filter cake [60]. The indicated results in Figure 12 confirms that
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CC-UF system compared with UF-alone is more effective in terms of
pollution removal efficiency and consequently control UF fouling.

Conclusions
In this study, the effects of coagulant concentration and initial pH
for three types of coagulants were investigated. The results suggested
that the removal efficiency of COD and turbidity using PACl as
coagulant were higher than alum and lime. The results indicated that
initial pH is a significant factor in the removal of turbidity and COD.
The optimum pH for PACl was 8-10.
The results show high efficiency of PACl compare other coagulant.
The reason can be absorption onto the positively charged surface of the
hydroxo-complexes due to Melanoidins functional groups through
electrostatic attraction. Moreover, the results of combinations of
coagulants showed using two-stage coagulation by PACl and limein
the concentrations of 500 mg/L PACl and 1800 mg/L lime by COD
removal of 68% and turbidity removal of 81% was the most effective
membrane pretreatment method. On the one hand, using two-stage

coagulation improved the quality of pretreated wastewater of the UF;
on the other hand, pH in the alkaline range was adjusted due to
alkalinity property of lime. Using the membrane filtration for
treatment of this wastewater was an acceptable and suitable method.
Appropriate output characteristics, easy operating conditions, the
ability to combine with some other processes (biological and chemical)
and eventually easier system controlling were significant advantages of
this method. In addition, little dependency of output characteristics to
the characteristics of feed was one of the positive points of membrane
filtration treatment method. The experiments showed that increasing
transmembrane pressure, temperature and cross flow velocity,
increased permeate flux and decreased turbidity and COD removal
efficiency of wastewater. In this study, two different UF membranes
were investigated to determine the advantages and disadvantages of
each one. As a result, PVDF membrane provided a permeate flow with
less pollution than PP membrane with about 99% turbidity and 91%
COD removal while the permeate flux in PVDF membrane was lower
than PP membrane.

Figure 12: Comparison of combined CC-UF with UF-alone and coagulation-alone treatments in removal efficiency.
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