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ABSTRACT

In order to investigate treatment effects of ultra filtration membranes (UF) fouling by combined
PAC treatment, two sets of processes were constructed: UF and powdered activated carbon
(PAC) + UF. The efficiency of the treatment schemes was evaluated in terms of organic matter,
ultraviolet absorbance at 254 nm (UV,, ), turbidity removal as well as chemical oxygen demand
(COD,, ). The foulants were evaluated using Fourier transform infrared spectroscopy (FTIR)
analysis. Micro-polluted surface water was treated using powdered activated carbon-ultra
filtration membrane. The results showed that the removal rate of turbidity, UV,,, and COD,,
reached 91.7%, 84.9% and 77.5% respectively. Membrane fouling in ultra filtration membrane
is attributable to proteins and humus. These materials deposit onto the membrane surface and
into the membrane pores, clogging the pores, and leading to a decline in the permeability of
the membrane. The trans-membrane pressure(TMP)can be recovered by chemical cleaning. It
is evidenced that combined PAC technology could better enhance the rejection of contaminants
and alleviate UF fouling.
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1. Introduction

As one of the most promising and attractive drinking
water and wastewater treatment techniques, ultra filtration
(UF) is widely applied in drinking water treatment [1-3],
which has a wide application prospect in micro-polluted
surface water treatment. Membrane fouling is one of the
most important considerations in the design and opera-
tion of membrane systems as it affects pretreatment needs,
cleaning requirements, operating conditions, cost and per-
formance [4-11]. Membrane fouling is caused by particles,
organic matter and microorganisms, resulting in decreased
water production flux, increased cleaning costs, reduced life
of ultra filtration membrane. Large molecular weight (MW)
organic matter such as proteins and polysaccharides can
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induce significant membrane fouling [1,12]. Hydrophilic
biopolymer is applied in drinking water supply, and a clear
correlation between the concentrations of biopolymers
and membrane fouling was observed for surface waters in
Japan [13,14].

Powdered activated carbon (PAC) has been successfully
used in conjunction with membrane ultra filtration (UF) to
reduce taste, odour, colour and other concerns caused by
organic material present in raw drinking water sources.
PAC addition also typically significantly reduces the extent
of fouling in hybrid PAC/UF systems [15-21].

Therefore, the objectives of this study were as fol-
lows: (1) to investigate treatment effects of two kinds of
hybrid membrane systems; the efficiency of the treatment
system was evaluated in terms of organic matter, UV ,,,
turbidity removal as well as COD ; and (2) to analyze
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preliminarily membrane fouling mechanism of combined
process.

2. Materials and methods
2.1. Model raw water

Sample water was employed in the tests in order to
simulate micro-polluted surface water and to provide sam-
ple consistency and reproducibility throughout the period
of membrane operation (~60 d). The sample was prepared
by adding an amount of domestic sewage effluent to tap
water at a ratio of 1:50 (V/V), and 5 mg/L, Suwannee River
Humic Acid (25101H, International Humic Acid Substance
Society, USA). The addition of domestic sewage effluent
and humic acid provided organic matter and microor-
ganisms which are expected to be representative of those
found in surface waters. Prior to mixing with domestic
sewage effluent and humic acid solution, the tap water
was left over night to ensure the complete decay of resid-
ual chlorine. The characteristics of the model raw water are
presented in Table 1. The temperature of sample water was
maintained constant level of 20 + 2°C during the experi-
mental period.

2.2. Experimental process and materials

As shown in Fig. 1, a schematic of combination experi-
mental process was as was followed: System-A for the tra-
ditional treatment process + ultra filtration, System-B for
the traditional treatment process + PAC/UF.

Table 1

Water quality of raw water
Turbidity (NTU) 0.98-3.5
UV254 (cm™) 0.031-0.071
COD Mn (mg/L) 3.11-5.95
pH 7.16-7.36
Temperature (°C) 22-28
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The process includes a coagulation device, filter
device, adsorption device, ultra filtration components,
aeration device and other major components. Ultra filtra-
tion membrane transmembrane pressure (TMP) was col-
lected and continuously recorded by the pressure sensor.
In the combination experimental process, the effective
volume of the coagulation tank was 60 L. The polymeriza-
tion of aluminum chloride was used as a coagulant with
a set optimum dosage of 5 mg/L, corresponding to a near
zero zeta potential of the resulting floc. The aluminum
chloride was added into the rapid mixing units for 30 s,
after which model raw water pumped into slow mixing
units for 30 s. The flow then passed into the adsorption
pool of PAC, stirring for 40 min and precipitating for 4
h. The liquid level in the ultra filtration membrane filter
remained constant by a liquid level controller. The effec-
tive volume of the ultra filtration membrane filter was
2.5 L. The aeration rate was 0.28 m?*/h. Membranes were
operated at a pressure of 160 kPa. A constant flux of 150
L/(m?h) was maintained using a peristaltic pump during
the filtration.

The hollow fiber membrane produced by Scinor Water
Technology Co., Ltd. was used in this test, which is made
of polyvinylidene fluoride (PVDF); the average pore size
being 0.01 pm. The size of wood-based powder activated
carbon was 200 meshes and the adsorption value of meth-
ylene blue was 9.8 mL, dosing 5 L each time.

2.3. Analytical methods

For the analytical protocol, Chinese State Environmen-
tal Protection Agency Standard Methods were followed
[22]. Turbidity was measured using a commercial turbidi-
meter (Hach 2100, USA). Ultraviolet absorbance at 254 nm
(UV,,,) was determined by the colorimetric methods using
the spectrophotometer (T6 New Century, Beijing, China).
Chemical oxygen demand was measured by the potassium
permanganate (KMnO,) oxidation method. The TMP was
measured by using a pressure sensor and was continuously
recorded by the automatic control system. Ultra filtration
membrane surface was analyzed by means of Fourier trans-
form infrared spectroscopy (FTIR) technology.
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Fig 1. Schematic of combination experimental process. (1) Raw water tank (2) feed pump (3) traditional treatment process (4) water
storage tank (5) water storage tank (6) PAC adsorption pool (7) water storage tank (8) pressure pump (9) ultra filtration membrane
(10) air blower (11) influent of ultra filtration membrane (12) effluent (13) flow meter (14) backwash pump (15) producing water tank.
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3. Results and discussion
3.1. Turbidity variation

The variation of turbidity within the two groups of
combined processes was explored to understand removal
efficiency of turbidity for micro-polluted surface water.
The results are shown in Fig. 2. For the first phase, the
lower initial turbidity removal and gradual decrease
indicated that the particles were difficult to remove from
the system. It is suggested the greater cohesiveness and
adhesion to the membrane surface is partly caused by the
existence of fouling materials. The average turbidity in the
influent is 1.78 NTU in systems A and B, the turbidity of
effluent fluctuated greatly and stabilized after a while. In
A system, the average turbidity of the effluent was 0.31
NTU and the removal rate was 82.4%. In system B, the
average turbidity in the effluent was 0.15 NTU, and the
removal rate was 91.7%. The removal of turbidity in sys-
tem B was slightly better than that of system A. Both of
the average turbidities in the effluent were lower than the
requirements of the “drinking water sanitary standard”(the
water turbidity is less than 1.00 NTU). It was found that
the turbidity of the effluent was almost not affected by the
turbidity of raw water. It was evident that the removal of
turbidity from micro-polluted water in the ultra filtration
system was ideal, while a traditional process + ultra filtra-
tion combination process for the removal of organic matter
is not ideal.

3.2.UV,,

As shown in Fig. 3, UV, removal in each system is
displayed. In the raw water, UV, absorbance varied from
0.031-0.071 cm™, the average value being 0.048 cm™. In A
system, the average UV, of the effluent was 0.027 cm™ and
the removal rate was 43.1%. In B system, the average UV,
in the effluent was 0.007 cm™ and the removal rate was
84.9%. UV,,, removal showed a tendency to a relatively
higher efficiency in B system. Because UV, is an indicator

variation
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Fig. 2. Removal characteristics of turbidity.
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Fig. 3. Removal characteristics of UV,

of aromatic and unsaturated double-bond organic compo-
nents [23], it is preferentially adsorbed by activated carbon
but difficult to be removed by the ultra filtration mem-
brane. It also explained that the removal effect of dissolved
organic matter is not ideal by means of an ultra filtration
membrane alone.

3.3. Variation of COD

COD,, is a measure of the reductive substances which
can be oxidized by KMnO,, and it is widely accepted as
a surrogate parameter for the total organic matter in the
micro-polluted water. There was significantly COD,,
removal difference between the two kinds of studied
systems (Fig. 4.). In the raw water, COD , concentration
varied from 3.11 to 5.95 mg/L, the average value was 3.99
mg/L. In A system, the average COD , value of the efflu-
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ent was 1.89 mg/L and the removal rate was 52.5%. While
in B systems, the average COD,, value of the effluent
was 0.90 mg/L and the removal efficiency was as high as
77.5%. Both average COD ,,_in the effluent were relatively
low, which is lower than requirements of the “drinking
water sanitary standard” (the water COD |, is less than
3.00 mg/L). COD ,, removal showed a similar tendency
as that of UV ., however, with a relatively lower efficiency
in A system.
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3.4. FTIR analysis of ultra filtration membrane

FTIR was used to investigate the internal foulants as
well as the colloidal and dissolved matter in the external
foulants.

In the paper, the mixed solution of 364.6 mg/LHCl+
1000 mg/L NaClO was used as a cleaning agent to clean
the polluted ultra filtration membrane in this study.
FTIR analysis of the ultra filtration membrane is shown
in Figs. 5a, b, c. Curves a, b and c represent the new
membrane, fouling membrane and the membrane after
cleaning, respectively. Fig. 5b shows a new absorption
peak of humic acid at 3431 cm™, showing that the con-
taminants at this site are humic acids. At 2920 cm™, sat-
urated hydrocarbon CH, anti-symmetrical vibration has
been strengthened by means of cleaning, the peak almost
recovered. The carbon-nitrogen double bond of the new
amino compound appeared at 1645 cm™; Because the
protein was hydrolyzed by the amino acid compound,
the absorption peak at 1645 cm™ should represent a pro-
tein or protein substances; By cleaning, the peak has been
weakened. The absorption peak of humic acid appeared
at 1404 cm™, indicating that the pollutant is also humic
acid at 1404 cm™. The chloroaniline substances can be
seen at 1182 cm™ in Fig. 5. So, it could be concluded that
proteins and humic substances played a major role in
membrane fouling. Although the foulants consisting of
proteins may also originate from natural organic mat-
ter (NOM) in the feed water, it is believed that a large
proportion of these substances could be derived from
microorganisms in the reactor. Proteins are reported to be
important metabolic products of bacteria in both water
and wastewater treatment systems. Therefore, the more
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Fig. 5. FTIR analysis of ultra filtration membrane.
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severe membrane fouling observed in the UF can be asso-
ciated with the proteins from biological resources and
humic substances from NOM. Consequently, during the
operation of the PAC-UF, the deposition of proteins and
humic substances should be controlled by optimizing the
operational conditions to minimize membrane fouling
[24-30]. The results also indicated that chemical cleaning
mainly removes organic pollutants, microbial pollution:
such as humus, protein, etc. from membrane surface and
membrane holes.

3.5. Variation of TMP

Membrane fouling was evidenced by the trans-mem-
brane pressure (TMP) at a constant pumping flux. The
increases in TMP during the membrane filtration are
shown in Fig. 6. For the first phase of operation (up to 30
d), the TMP of the A system gradually increased to 48.3
kPa. The daily average growth rate was1.46 kPa/d. While
the B system displayed less TMP increase, the daily aver-
age growth rate was 1.03 kPa/d. The results indicated
that PAC prevented the development of membrane foul-
ing that was observed in hybrid PAC/UF systems. This
maybe a consequence of reduction of soluble protein and
polysaccharide and delay increase of film filtration pres-
sure. At the later running stage (up to 20 d), A sudden
increase in the TMP (TMP jump) was observed (the slope
of the transmembrane pressure became larger). This TMP
jump could be ascribed to inhomogeneous fouling and
cake compression during filtration. The TMP evolution
of the hybrid PAC/UF systems was largely similar to that
of UF for micro-polluted surface water treatment. Chem-
ical cleaning was performed during the period of opera-
tion (by 364.6 mg/L + 1000 mg/L NaClO). At day 31, the
TMP of the cleaned ultra filtration membrane was greater
than that of the new membrane. The TMP basically can
be restored, and the effect of cleaning is good. During the
second phase of testing, the TMP increased in both sys-
tems as a consequence of irreversible contamination of the
membrane surface. The results indicated that the combi-
nation of PAC adsorption in the hybrid UF process further



R. Liu et al. / Desalination and Water Treatment 139 (2019) 105-110

enhanced the alleviation of total membrane fouling com-
pared with the use of only UF process.

4. Conclusion

In this study, two sets of processes were constructed
to investigate treatment effects of UF fouling by combined
PAC treatment. Based on this study, the following conclu-
sions may be drawn:

The values of effluent reach the requirements of the “San-
itary Standard for Drinking Water Plant “. The removal rates
of turbidity, UV, and COD ,, reached 90.9%, 84.6% and
77.5%, respectively. It was evident that the removal of pollut-
ants from micro-polluted water in hybrid PAC/UF systems
is ideal, while a traditional process+ ultra filtration combi-
nation process for the removal of pollutants is not ideal. On
the other hand, the main pollutants on the surface of the
ultra filtration membrane are proteins and humic substances,
which played a major role in membrane fouling. The TMP
can be recovered by chemical cleaning. It is evidenced that
combined PAC technology could better enhance the rejection
of contaminants and alleviate UF fouling.

Overall results indicate that the hybrid PAC/UF sys-
tems is proved to be another promising option for the
removal of pollutants from micro-polluted water.
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