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ABSTRACT
Ultrafiltration Membrane Fouling and the Effect of
Ion Exchange Resins
Sanaa Jamaly
Membrane fouling is a challenging process for the ultrafiltration membrane during
wastewater treatment. This research paper determines the organic character of foulants of
different kinds of wastewater before and after adding some ion exchange resins. Two
advanced organic characterization methods are compared in terms of concentration of
dissolved organic carbons: The liquid chromatography with organic carbon (LC-OCD)
and Shimadzu total organic carbon (TOC). In this study, two secondary wastewater
effluents were treated using ultrafiltration membrane. To reduce fouling, pretreatment
using some adsorbents were used in the study. Six ion exchange resins out of twenty were
chosen to compare the effect of adsorbents on fouling membrane. Based on the percent of
dissolved organic carbon’s removal, three adsorbents were determined to be the most
efficient (DOWEX Marathon 11 anion exchange resin, DOWEX Optipore SD2
polymeric adsorbent, and DOWEX PSR2 anion exchange), and three other ones were
determined to the least efficient (DOWEX Marathon A2 anion exchange resin, DOWEX
SAR anion exchange resin, and DOWEX Optipore L493 polymeric adsorbent). Organic
characterization for feed, permeate, and backwash samples were tested using LC-OCD
and TOC to better understand the characteristics of foulants to prevent ultrafiltration
membrane fouling. The results suggested that the polymeric ion exchange resin, DOWEX
SD2, reduced fouling potential for both treated wastewaters. All the six ion exchange
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resins removed more humic fraction than other organic fractions in different percent, so
this fraction is not the main for cause for UF membrane fouling. The fouling of colloids
was tested before and after adding calcium. There is a severe fouling after adding Ca2+ to
effluent colloids.
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Chapter I
Introduction
This paper analyzed the filtration of different kinds of wastewater using low pressure
membrane, ultrafiltration membrane (UF). The main focus of this research study was to
prevent the UF membrane fouling for a better use in the future. Effluent organic matters
(EfOM) in wastewater were characterized to estimate the causes of UF membrane
fouling. A pretreatment of UF membrane was done using ion exchange resins for the
removal of organic matters and their effect on UF membrane performance.
Ultrafiltration is a separation process using a membrane of a pore size between 0.1 to
0.001 µm. UF membrane removes high molecular substances, colloids, organic, and
inorganic polymeric molecules. However, some low molecular organic substances cannot
be removed.
Low pressure is applied for UF membrane to achieve a high flux. The operating pressure
is 50lbf/in2 with a flux between 50 to 200 Gallons per square foot per day. The number of
fibers used to make the UF was 6 and 4 hollow fibers. Two modules were used for the
filtration of treated wastewaters: Outside-in and inside-out UF membrane.
Low pressure membrane or UF membrane was chosen because of its low-cost and the
quality of water produced. It is an attractive technology for wastewater pretreatments, but
it is still limited due to fouling that increases the operational cost, and reduces the quality
of produced water.
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Fouling is a usual problem that decreases UF membrane's application and its efficiency.
Researchers have focused on the organic matters that cause fouling: Zheng et al. (2009)
described that biopolymer concentration was responsible of irreversible fouling that
cannot be removed by backwashing; also proteins have more potential of adsorption on
membrane surface than carbohydrates.
UF membrane is a growing technology to be used as a pretreatment technology for
wastewaters for the production of a clean filtered wastewater. Recent research studies
focused on the use of pretreatments for the removal of organics that reduces the
permeability, the cost, and the quality of produced water. Fouling reduction has been the
focus for the use of low pressure membranes. The review in this paper is on UF as a
membrane process and a relative understanding of the fouling reduction by different
measures.
The objectives of this research study are:
1. To measure the effluent organic matters using some advanced methods.
2. To analyze and compare the values of dissolved organic matters using two
methods: Shimadzu total organic carbon (TOC) method and the liquid
chromatography organic detection (LC-OCD) method.
3.

To test the removal of EfOM by sorption onto ionic and non-ionic exchange
resins.

4. To test the effect of treated wastewater on the performance of UF membrane
before and after adding the ion exchange resins.
5. To understand the cause of UF membrane fouling based on characterizing the
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effluent organic matters responsible of fouling.
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Chapter II
Literature review

II.1 Water shortage and the use of low-pressure membranes
Water limitation has been one of the most challenging environmental problems in the
world. As the population is growing, fresher water resources are on demand. To solve
this, water reuse has been the focus to avoid its shortage. One of the most effective
pretreatment systems to treat water reuse is the use of the low pressure membrane (e.g.:
Ultrafiltration membrane) for the removal of foulants before using the desalination
technology since it is easy to use with a low cost.
Membrane fouling remains the main challenge for the use of UF membrane during the
filtration process of wastewater. UF membrane has been the focus for the treatment of
wastewater because of its low cost and the quality of produced permeate. However,
researchers are still trying to limit the decrease of membrane performance that results into
fouling or accumulation and adsorption of particles within and at the membrane surface.
To control fouling, foulants must be removed before membrane filtration. One of the
substances responsible of membrane fouling is the presence of organic matters in
wastewater (Gorenfl et al., 2002). UF membrane is used as a pretreatment process since it
removes more particles from wastewater. It has the efficiency, but it is very limited by its
fouling. Natural organic matter (NOM) contributed to fouling by the deposition on
membrane surface or in the pores (Aoustin et al., 2005). In order to prevent UF
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membrane fouling, the accumulated organic materials on the surface and the pores of
membrane must be characterized and comprehended.
II.2 Organic matters
Organic compounds are the main reason for the treatment of wastewaters. It is a big
challenge that reduces the quality of water if they are not removed, so it is very important
to know the characteristics of the effluent organic matters (EfOM). EfOM is composed of
NOM, toxic chemicals, and microbial products. It can be classified into two groups:
Particulate or suspended organic carbon (POC) and dissolved organic carbon (DOC).
Levine et al. showed that the size of organic matters in wastewater is between 0.001 μm
to 100 μm (Levine et al., 1985). The POC can be easily removed. However, the DOC can
have many effects on the quality of water. It is the focus of most research studies done in
wastewater treatment (Shon et al., 2005). POC group is too large to pass through a
0.45µm filter; however, DOC group remains in the solution after using the 0.45 µm filter.
The organic content varies with the content of grease, protein, and carbohydrates; for
soluble organics, it is 12% of grease, 4% of proteins, and 58% of carbohydrates (Levine
et al., 1985).As a result, particles of size smaller than 1.0 μm can be degraded
biochemically and in a rapid rate than particles of size larger than 1.0 μm (Levine et al.,
1985).
In wastewater, approximately 75 percent of the suspended solids and 40 percent of the
filterable solids are organic in nature (Levine et al., 1985). The presence of DOC
substances made the treatment of wastewater very complicated since they resist
biodegradation, and they decompose biologically slowly (Snyder et al., 2004). EfOM can
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affect biological and chemical processes of water. Most of the EfOM are found in the
form of DOC that is composed of hydrophobic fractions, hydrophilic fractions, and
transphilic fractions.
Dissolved Organic matters are composed of humic fractions and non humic fractions.
Generally, humic fractions contain more dissolved organic matter; as a result, humic
groups are the main focus during water treatment. It is divided into humic acids, fulvic
acids, and humins. Humic acids contain sulfur, nitrogen, and phosphorous in a varying
amount. It also contains metals like calcium, magnesium, zinc, etc. which can be chelated
positively. Humic acids contain carboxylate and phenolate groups that form complexes
with ions and the concentration of humic acids is estimated by total organic carbon or
dissolved organic carbon. In addition, fulvic acid is one of the subclasses of humic acid
with a low molecular weight.
II.3 Organic matters and membrane fouling
Fouling can occur in two forms: Reversible or irreversible fouling. Reversible fouling
occurs as a form of cake formation and it can be backwashed. According to Hilal et al.
(2005), irreversible fouling depends mainly on the surface chemistry of membrane. It has
been stated that more hydrophilic membranes can better resist fouling (Groosen et al.,
2004). Scharnagl and Buschatz (2001) reported that polyacrylonitirle (PAN) membrane
combines a good stability with hydrophilic chemistry. An alternative approach is to add
PAN to the UF membrane along with a base material.
Jung (2004) added poly (acrylonitrile-ran-potassium-3-sulfopropyl acrylate) to PAN UF
membrane in order to improve membrane fouling resistance. Other researchers focused
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on the addition of poly (vinylidene fluoride) to the UF membrane (Hester et al., 1999);
others added polysulfone to UF membrane (Park et al., 2006). Both studies showed the
improved water flux and fouling resistance to proteins after the addition of poly
(vinylidene fluoride) and polysulfone to the UF membrane. Other work employed
polyacrylonitrile as an additive to PAN UF membrane. It showed that UF membrane
completely resist irreversible fouling by bovine serum albumin, sodium alginate, and
humic acid, and the ability to recover the initial flux by backwashing eliminates the
chemical cleaning that leads to membrane degradation (Asatekin et al., 2007).
Some studies have been conducted on the food industry like milk sterilization by UF
membrane, fruit juice filtration, etc. Fane et al. (1983) stated that the absorption of bovine
serum albumin reduced the permeability of UF membrane. Baklouti et al. (1984)
conducted a milk sterilization experiment using UF membrane. They reported that a low
concentration of protein could lead to a significant permeability loss. Other studies
reported that protein absorption on a porous membrane was much higher than the
quantity of same protein absorbed on a flat sheet (Hanemaaijer et al., 1989).
Another study stated the effect of adsorption of organic matter on UF membrane fouling.
It showed that compounds with size smaller than membrane pore could lead to
irreversible membrane fouling. Also, it was reported that a hydrophilic membrane is more
conventional for solutions containing polyhydroxyaromatic compounds. Finally, it was
determined that water pretreatment can prevent membrane fouling by removing the
absorbable particles or changing their properties (Crozes et al., 1993). Chang and
Benjamin (1996) reported that humic acids and fulvic acids are the major foulants
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associated with hydrophobic interactions during filtration of UF membrane. Jucker and
Clark (1994) found that humic acids lead to a higher flux decline than fulvic acids.
Recent research has been focused on the identification of foulants and characterization of
effluent organic matter to limit fouling. It has been demonstrated that biopolymers
concentration caused the increase of membrane fouling and also the increase of
irreversible fouling during the treatment of wastewater (Zheng et al., 2010). Another
study has determined that a high potential of accumulation and adsorption is caused
directly by proteins that is stronger than carbohydrates. As a result, the fouling cannot be
backwashed (Metzger et al., 2007). It has been investigated that measuring protein
concentration is not enough to determine fouling potential rather than understanding the
organic matter character (concentration, molecular weight, and hydrophobicity) can
improve the impact on membrane fouling (Shen et al., 2010).
The relationship between UF membrane and natural organic matter (NOM) has been
analyzed to show the effect of each fraction of NOM on fouling. Some studies have
shown that NOM are the most potential foulants (Kim et al., 2006), and much
investigations are focused on NOM in the production of drinking water (Leiknes et al.,
2004). NOM can be divided into three categories: Hydrophobic or humic group,
hydrophilic or non humic group, and transphilic. Some researchers have determined that
the humic group of organic matter is the major foulants that can control the potential of
fouling (Yuan and Zydney, 2000). However, other studies have shown that non humic
group is the major foulants. For instance, it has been reported the order of NOM based on
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the effect of potential fouling as follows: hydrophilic neutrals> hydrophobic acids>
transphilic acids (Fan et al., 2001).
Another study suggested that the hydrophilic neutral and protein macromolecular
compounds are responsible of irreversible fouling (Amy and Cho, 1999). In addition,
some researchers stated in agreement with previous studies that hydrophilic neutral
remained the main cause of fouling, and hydrophobic categories fouled less (Lee et al.,
2004). Other studies investigated that a high molecular weight of hydrophilic neutral are
the main cause of high fouling potential (Fan et al., 2001).
Howe and Clarck (2002) found that a high molecular weight of a size greater than 3nm of
NOM compounds can cause a severe fouling for low pressure membrane. Nilson and
DiGiano (1996) reported that a greater fouling potential is caused by the hydrophobic
compound than the hydrophilic compound. Schafer et al. (1998) determined that the
major cause of fouling was the hydrophobic component of NOM especially at high
concentration of Ca2+. Furthermore, some researchers studied UF membrane fouling and
they reported that hydrophobic fraction caused a high flux decline (67.4%) comparing it
to transphilic (53%) and hydrophilic fraction that its flux decline was minimum (19.7%)
(Shon et al., 2005).
Fouling reduction has been the main focus for the operational UF membrane. Some
scientists stated the most efficient pretreatment method to increase the removal of
foulants and decrease the decline of permeability. Pretreatment options can reduce
membrane fouling and increase the quality of permeates (Huang et al., 2009). Some of
the pretreatment methods are: Coagulation, adsorption, oxidation, biological treatment,
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etc. According to Gao et al. (2011), the efficiency of pretreatment in reducing membrane
fouling is related to the type of coagulant, adsorbent, oxidant, used dosage, dosing mode
(continuous or intermittent), mixing ways, temperature, pH, ion strength, properties of the
impurities, and characteristics of the membrane (hydrophobicity, charge, and membrane
morphology).
II.4 Pretreatment methods and UF membrane fouling
II.4.1 Coagulation-Floculation
In water treatment, coagulation can reduce turbidity; it can remove pollutants (suspended
matter, organic matter), microorganisms (bacteria, viruses, or protozoans), and dissolved
organic. Xiangli et al. (2008) stated that coagulation option can be a promising process
for the removal of contaminants to limit UF fouling.
The type of coagulants can influence the fouling in UF membrane. Kabsh-korbutowicz
(2006) concluded that aluminum and polyaluminum chloride reduced membrane fouling.
Another study determined that iron chloride coagulant was more efficient than
coagulation with aluminum sulphate (Meier et al., 2006). Furthermore, other researchers
found that iron coagulant is preferred instead of aluminum because of the high cost of
aluminum and the difficulties with the aluminum sludge (Meier et al., 2006).
Other researchers determined the best pH value was 8 with an iron dosage of 1 mg/l, and
they investigated the influence of ferric chloride pre-coagulation to the membrane fouling
behavior. They showed that precipitated colloids can cause membrane fouling by pore
blocking or cake deposition (Meier et al., 2006).
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Coagulation pretreatment is categorized into standard coagulation and in-line
coagulation. A research was done on the coagulation/sedimentation pretreatment and the
effect on irreversible fouling in polysulfone UF membrane. It was shown that
coagulation/sedimentation pretreatment could not remove the organic substances like
proteins and polysaccharides, so it is not efficient pretreatment for the irreversible fouling
(Kiruna and Hane, 2005). Other scientists compared coagulation, coagulationsedimentation, and coagulation-sedimentation-filtration before the use of UF membrane
filtration applied in drinking water. They found that coagulation-sedimentation was the
most effective applied pretreatment (Liang et al., 2008).
Some scientists tested the in-line coagulation and found that it can form a cake layer on
membrane surface, and they suggested that this pretreatment can aggregately benefit the
UF membrane (Dong et al., 2007). Coagulation as a pretreatment option is used to
enhance the UF performance; however, some reagents might not work well. It depends
on water quality, the size of the flocs comparing it with the size of UF membrane, type of
coagulants, dosage, and the mixing conditions. Park et al. tested both in-line coagulation
and standard coagulation, and they found that 13mg/l FeCl3 and 4.1mg/l polyaluminum
chloride are the more enhanced doses for the removal of dissolved organic matters, and it
could make UF membrane more filterable (Park et al., 2002).
Coagulation method of pre-treatment can be used before ultrafiltration. Coagulation-UF
process is one of the most promising drinking water production processes. In-line
coagulation can remove good rates of contaminants under-dose conditions with acidic
pH. However, standard coagulation is superior to in-line coagulation. Values of pH and
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coagulant dose depend on the nature of the raw water and on the operational
requirements.
It can be shown by testing the effect of ionic strength on humic substances removal that
solutions with a low ionic strength have a higher permeability than solutions with a high
ionic strength. An increase in ionic strength defuses the negative surface charge of the
membrane and reduces the charge repulsion of functional groups in the pores. An
improved removal of humic acids can be achieved if fibers with an additive are used for
filtration (Meier et al., 2006).
NOM causes membrane fouling. The fouling potential of the coagulated fractions can be
ordered as follows: (Colloidal) > (Colloidal + dissolved organic carbon) > (particulate +
colloidal) > (dissolved organic carbon) (Meier et al., 2006). Particulates with coagulation
pre-treatment help to minimize irreversible fouling. Coagulation cannot minimize the
fouling caused by colloids, which is considered the worst type of fouling (Meier et al.,
2006).
Sometimes the pretreatment processes may not lead to the reduction of membrane
fouling. Carroll et al. concluded that the hydrophilic fraction responsible of membrane
fouling was not removed during coagulation and after coagulation no decrease of
membrane flux was observed (Carroll et al., 2000).
II.4.2 Powder activated carbon and metal oxides
There is a challenge about whether or not the addition of adsorbent can reduce membrane
fouling. Some studies were done to understand the effect of adsorbent especially the
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powdered activated carbon (PAC) on UF membrane fouling. PAC is the most popular
adsorbent for UF membrane because of its availability.
Many studies have been done to determine the effect of PAC on UF membrane fouling.
Even though, there is a high removal of particles, no special thing was found for
membrane fouling reduction comparing it with UF system alone under the same
condition (Xia et al., 2007). A research study stated the positive effect of the PAC
pretreatment on membrane fouling and its improvement of its performance (Huang et al.,
2009).
Campinas and Rosa (2010) found that PAC can remove organic matter and control
membrane fouling. However, Lee et al. (2000) argued that PAC can remove a high
organic matter, but there is an adverse effect on the flux and more humic acids were
reported on UF membranes. Zhang et al. (2003) reported the influence of PAC on fouling
reduction and removal of NOM.
Another study was conducted to understand the effect of adding PAC on UF membrane
fouling. Kaolinite and humic acids were added to simulate the particles and NOM in raw
water. As a result, it was found that the more the dose of PAC was added, the more the
initial flux declined. Also, PAC can reduce the irreversible fouling caused by humic
acids, and can improve the removal rate of NOM less than 1 kDa (Liet al., 2011).
An implemented system has been done by adding surfactant modified-PAC to UF
system. It showed better efficiency for the removal of impurities and good performance
of UF membrane (Hong et al., 2009). According to Croses et al. (1993), PAC adsorption
is very limited and cannot protect membrane from fouling, and the flux of pretreatment is
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similar to the flux without pretreatment. Bian et al. stated that PAC adsorbent does not
prevent membrane from fouling; PAC does not remove the NOM fraction responsible for
fouling (Bian et al., 1998).
II.4.3 Ozonation
Ozone has been used in drinking water as a disinfectant. Farahbakhsh et al. (2004)
reported that ozone is not compatible with the most commercially available polymeric UF
membranes. Mozia et al. (2006) reported a high removal of dissolved organic carbon by
ozone pretreatment. In addition, Schlichter et al. (2004) reported that a concentration of
0.05 mg/l without membrane rinsing cannot retain membrane flux reduction. A
significant aspect of ozone while combining with UF membrane is rarely announced as
there is a formation of bromate (Treguer et al., 2010).
There is another effective pretreatment method that reduces membrane fouling in UF
membrane which is adsorption that is the focus of this research paper. This study is
focused on the principles of UF membrane fouling and the characteristics of the feed
water before and after adding ion exchange resins. Membrane fouling is related to the
pore blockage caused by NOM foulants. In order to avoid foulants to accumulate and
block UF membrane, some ion exchange resins are mixed with treated wastewaters. More
results are shown in details in the next chapters.
II.4.4 Ion exchange resins and membrane fouling
II.4.4.1 Characteristics of ion exchange resins
Ion exchange resins are insoluble polymers that exchange some ions in water. Ion
exchange resins are used for the removal of contaminated substances from water by the
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exchange of ions. It is used for water purification: The removal of contaminated
substances or water softening: The removal of minerals. Water is softened by the use of
resins that exchange sodium ions in the solution and bind more strong ions like calcium
and magnesium. Ion exchange resin is divided into anion exchange resin that exchanges
negative ions or cation exchange resin that exchanges positive ions.
Ion exchange resins can help reduce organic matters from wastewater. Water passes
through the ion exchange resins and leaves ions (either cations or anions) through the
crosslink beds of resins; more organic matters are reduced from the feed. Organic
substances can become irreversibly adsorbed within the anion beads; also it reduces their
exchange capacity, and the quality of water (Alchin, 2010).
Many researchers agreed that the strong anionic resins are more effective than the weak
anionic resins for the elimination of NOM (Anderson and Maier, 1979; Bolto et al.,
2002a). These studies showed on the other hand the advantage of being easier to
regenerate (Snoeyink, 1979; karcher et al., 2002).
The functional groupings of the weak and strong ion exchange resins confer the
properties of exchanges (Bolto et al., 2002a):


For the strong resins of type quaternary ammonium, the largest size of the
functional group and the lowest density of the charge of nitrogen atom make them
more active.



For the weak resins of type secondary or tertiary amine, the smaller size of the
functional group and the higher charge density predominate rather than the
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hydrophilic organic fractions.
The nature of the matrix plays a role on the effectiveness of resins. Snoeyink observed
the most important elimination of NOM on the strong anionic resins of type styrene
divinylbenzene rather than on those of type polyacrylic (Snoeyink, 1979). However,
some researchers (Bolto et al. 2002a; Fu and Symons, 1990) found that the resin of type
polyacrylic is much better than the one of type polystyrenic. According to these authors,
this trend would be in fact directly linked to the capabilities of dehydration of these two
types of polymers. The polystyrenic resins absorb less water and are less hydrophilic than
the polyacrylic resins.
The monomers that are most commonly used in the polymerization of the matrix are
styrene, acrylate-bromide and phenol-formaldehyde which are added to the proportion of
divinylbenzene copolymers (DVB) as shown in the figure below (Anderson and Maier,
1979).
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The nature of the functional group determines the type of the exchanger. First, it
distinguishes between anionic and cationic exchangers and for each of these the strong or
weak resins. For example: {–SO3- ; H+}), which allows the cation exchange resins to be
exchanged for all pH, either of the functional group of weak acid (carboxylic acid for
example: {-COO- ; H+ }) that allows the exchange of ions for the pH where the function
is ionized and pH > pKa .
The anion exchanger of a strong base is presented frequently as a function of quaternary
ammonium (e.g: {–N (CH3)3+; Cl-}). The low anionic exchangers possess the most often
tertiary amine functions (e.g: {–NH (CH3)2+; Cl-}) or secondary (e.g: {–NH2 (CH3)+; Cl}) which are ionized, and therefore active in term of ion exchange, for pH lower than
their pKa.
II.4.4.2 Factors influencing ion exchange resins
II.4.4.2.1 Chemical and physical characteristics


pH

The pH can influence both the selectivity and capacity of resins by fixing the rate of
dissociation of acid or base in a solution. On the other hand, it can also fix the functions
of ion exchange resins (Anderson and Maier, 1979).
The performance of the anionic exchange resins as a function of pH differs according to
the weak or strong anionic character (Snoeyink, 1979). The use of the weak resins is
limited to the acidic pH and neutral pH (Anderson and Maier, 1979; karcher et al., 2002).
Indeed, the most used ones possess functional groups of type tertiary or secondary amine
that are active, in term of ion exchange, under their acidic form. Therefore, for pH values
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higher than pKa in terms of amino acids, the basic form predominates inhibiting the
mechanism for the exchange of ions.
The performance of the strong anionic exchange resins does not depend on pH. Chen
showed that the pH between 6 and 8 eliminates the total organic carbon (TOC) of 80 %.
For values of pH between 2 and 11, these differences occur only by a decrease of 5 to 10
% of TOC elimination (Chen, 1999).


Ionic forces

Croue et al. investigated a study on the reduction of TOC and the absorbance UV254 as a
function of the ionic strength; their results showed an improvement in the efficiency of
elimination of significant fractions of NOM studied for the highest ionic forces.
According to them, the elevation of the acidity constants caused by the increase of the
ionic strength and promoting the exchange of ions would not be the only mechanism that
can explain the improvement of reducing NOM fractions. The reduction in the rate of
organic molecules would also be responsible for the increase in the yields of elimination
by accentuation of mechanisms of adsorption (Croue et al., 1999b).
II.4.4.3 Performance of ionic exchange resins for the removal of NOM
Anderson and Maier determined that 50 to 95 per cent of TOC of the Mississippi water
could be eliminated by filtration on a column of anionic resins (Anderson and Maier,
1979). kunin and Suffet proposed a complete bibliography on the anionic resins, which
are already presented at the time as an interesting alternative comparing it to the
conventional treatments (coagulation and charcoal) in the production of drinking water
(kunin and Suffet, 1980).
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Bolto et al. (2002a) compared the efficiency of 19 anionic exchange resins on the
reconstructed waters from NOM of various origins. For two most efficient tested resins,
the UV254 was between 59% to 99% depending on the origin of NOM and half-balance
time that varied between 6 and 42 minutes (see table1) (Bolto et al., 2002a).
Origin of
NOM

ResinTech® SIR 22P

Amberlite® IRA 958

UV Removal
(%)

Half-balance
time (min)

UV Removal
(%)

Half-balance
time (min)

Hope Valley

98

7

99

6

Moorabool

85

8

90

6

Horsham

84

9

73

9

Aldrich

59

42

92

14

Table 1: UV removal and half-balance time of Resin Tech SIR 22P and Amberlite
IRA 958 of different origin of NOM
Some studies investigated the anionic resins comparing it with other materials (resins
non-ionic surfactants, active carbon and coagulants) for the elimination of NOM.
Snoeyink demonstrated that the anionic resins are more effective than non-ionic resins
regardless the character of resins (strong or weak) (Snoeyink, 1979). Also, Snoeyink
showed that the weak anionic resins can be more effective and even more efficient
(Snoeyink, 1979).
Bolto et al. compared the techniques of coagulation (Al2SO4 and two cationic polymers)
and ion exchange resin (the two anionic resins presented in the table above) on four
fractions of extracted NOM from natural waters: Vha, SHA (respectively very and
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slightly hydrophobic acid), Neut and Char (respectively neutral and charged hydrophilic
compounds) (Bolto et al. 2002b). Their results showed that the cationic polymers
(PolyDADMAC and Diaclear MK 4000) represented the less powerful class in these
trials. The anionic resins and the aluminum salts have shown the more effective for the
three fractions Vha, SHA and Char. Only the fraction of neutral compounds (Neut) was
the least efficient (Bolto et al. 2002b).
Croue et al. determined the affinity of three anionic resins of different fractions (uHPI-A,
HPO-A, TPI-A, HPI-A, and TPI-N) isolated from the Suwannee River. The fraction of
hydrophilic compounds (uHPI-A) for ultrahydrophilic acids with the highest average
molecular weight and containing the highest proportion of organic nitrogen was the least
fraction eliminated comparing it to other fractions (10% of DOC removal) (Croue et al.,
1999b). In comparison to other fractions, the strongest fractions were of more low
molecular weights and the richest in groups carboxylic acids (-COO-). The scientists
therefore suggested that a mechanism of exclusion of size will be the cause of the low
performance of elimination in the fraction uHPI-A which is of colloidal nature.
Another research study stated that using the fluidized anion exchange resin removed 60%
of organic matters, 80% of calcium, and 40% of magnesium (Cornelissen et al., 2007).
Furthermore, another study demonstrated the strong potential of anion exchange resin for
the removal of NOM from the treated water (Bolto et al., 2004). Also, it has been stated
that anion exchange resin can remove the low organic NOM fraction comparing it to the
conventional processes (Bolto et al., 2002).
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A new ion exchange resin was developed which is the magnetic ion exchange resin,
MIEX. Many studies were done and indicated the efficiency of MIEX in removal of
NOM. According to the theory proposed by the Australian Wastewater Association: “The
initial NOM exchange occurs at the surface of the resin, and it is followed by a slow
diffusion of the organic molecule towards the inside of the resin bed by exchange from
surface to inside active sites, so surface active sites become available again for further
NOM exchange” (Slunjski et al., 1999).
Another work investigated the effect of MIEX resin adsorption on UF membrane fouling.
It was stated that both the water pretreatments increase the quality of permeate and
decrease fouling. Also, water pretreatment with MIEX resin eliminate higher organic
matter than coagulation, and water pretreatment with MIEX increase the effectiveness of
UF process (Kabsch-korbutowicz and Molczan, 2006).
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Chapter III
Materials and Methods
III.1 Wastewater and Synthetic Wastewater
The secondary effluent wastewaters were collected from Jeddah and Makkah treatment
plant (Saudi Arabia). Three types of wastewaters were sampled after an aerobic sludge
treatment: Treated Jeddah wastewater (TJWW) and treated Haddah wastewater
(THWW) before and after sand filtration. EfOM colloids that were isolated from the
TJWW by dialysis were tested before and after the addition of calcium.
III.1.1 Characteristics of Treated Wastewaters
Table 2 shows the characteristics of the secondary EfOM used in the experiments.
Type of Feed

Conductivity
(ms/cm)

pH

Shimadzu UV (cm-1)
DOC
(mg/l)

TJWW

3.5

7.91

4.13

0.124

THWW after sand
filtration

3.36

7.3

3.61

0.093

THWW before
sand filtration

3.3

7.41

3.56

0.094

THWW

Table 2: Characteristics of secondary effluent wastewaters used in the experiments
The wastewaters were prefiltered in order to remove the remaining solid particles. To
filter the wastewaters, a pre-filter of 25 µm were used with a filter of 1.2 µm. Before
starting the filtration, the system was cleaned with pure water.
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The treated secondary effluents were stored in a cold room of 4°C. Since water state
temperature affects the flow rate of ultrafiltration membrane, wastewater must be placed
in a room temperature of 20°C for at least 12 hours before starting the filtration
experiments.
Synthetic salt water was prepared with Milli-Q (MQ) water to measure the permeability
of hollow fiber modules before fouling test (virgin membrane) and after backwashing.
0.37g/l of CaCl2 and 2.3 g/l of NaCl were added into 2l of pure water for the preparation
of synthetic salt solution. This synthetic solution is also used to decondition the UF
membrane and to rinse the module after deconditioning with chlorine (50 ml of chlorine
into 1l of pure water).
III.1.2 Characteristics of Colloids Solution
The experimental set-up of colloids was composed of NOM colloids diluted with Milli-Q
water. In 2 l of pure water, 0.37 g/l of CaCl2 and 2.3 g/l of NaCl were added. The DOC
concentration was 0.5 mg/l. Table 3 shows the characteristics of colloidal NOM solution
with added Ca2+.
Type of feed
Colloidal NOM with
Ca2+ added

Conductivity
(ms/cm)
4.48

DOC
(mg/l)
0.5

pH
7.6

Ca2+
(mg/l)
100

Table 3: Characteristics of colloids solution
III.2 Sorption Experiment
III.2.1 Characteristics of the Adsorbents
A selection of ion exchange resins (strong anion exchange, weak anion exchange, weak
cation exchange, or strong cation exchange) provided by Dow Chemical Co. were tested
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as EfOM sorbents. Table 4 summarizes the chemical and physical characteristics of the
twenty ion exchange resins of different types: Anionic, cationic, and non-ionic received.
Adsorbents

Type

Matrix

Particle
Size (mesh)

Total
Exchange
Capacity
(eq/l)

Water
content (%)

DOWEX
Marathon 11

Type I strong
base anion

styrenedivinylbenzene
(gel)

20-50

1.3

48-58

DOWEX
Optipore SD2

Weak base
anion

Macroporous
styrenedivinylbenzene

20-50

0.83

50-60

DOWEX
PSR 2

Tri-nbutyl
amine

Styrene-DVB
(gel)

16-40

0.65

40.0 - 47.5

DOWEX
Optipore
L493

polymer
adsorbent

styrene DVB
(Macroporous)

20-50

-

50-65

DOWEX
Marathon A2

Type II
strong base
anion

styrenedivinylbenzene
(gel)

30-40

1.2

45-54

DOWEX
SAR

Type II
strong base
anion

Styrene-DVB
(gel)

16-50

1.4

38-45

DOWEX
M4195

Chelating
Resin

styrene DVB
(Macroporous)

30-50

-

40-60

DOWEX
TAN 1

Type I strong
base anion

styrene DVB
(Macroporous)

16-40

0.7

70-82

DOWEX
Marathon
A(OH)

Type I strong
base anion

styrene DVB
(Macroporous)

30-40

1.3

50-60

DOWEX 1

Type I strong
base anion

Styrene-DVB
(gel)

16-50

1.4

43-48

Table 4: Physical and chemical characteristics of the twenty received resins
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DOWEX
MONOSPHE
R 99CA320
Separation

Strong acid
cation

Styrene-DVB
(gel)

45-50

1.5

57-61

AMBERLITE
(tm) PWA7
Resin

Weak base
anion

Cross linked
polycondensate

16-50

1.9

58-68

AMBERLITE
(tm) PWA5
Resin

Ion

Cross linked
copolymer

16-50

1

52-58

DOWEX
Marathon
MSC

Strong acid
cation

styrene DVB
(Macroporous)

25-30

1.7

44-50

DOWEX
MARATHON
C(H)

Strong acid
cation

Styrene-DVB
(gel)

25-30

2

42-48

AMBERLITE
(tm) PWA9
Resin

Strong base
anion

Cross linked
copolymer

16-50

0.8

66-72

DOWEX
MAC-3

Weak acid
cation resin

Polyacrylic
(macroporous)

16-50

3.8

44-52

XUS 43578
Development
Chelating
Resin

Bispicalylamine

styrene DVB
(Macroporous)

40-45

1.50

40-60

XUS 43604
Development
Thiol Resin

Chelating
resin

styrene DVB
(Macroporous)

25-35

0.7

42-65

XUS 43600
Development
thiouronium

Chelating
resin

styrene DVB
(Macroporous)

30-35

0.7

42-65

Table 4 (Cont): Physical and chemical characteristics of the twenty received resins
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III.2.2 Experimental Conditions
All experiments were performed with a 20 ml/l dose of adsorbent. Depending on the
volume of the effluent collected and depending on the objective of the experiments,
different volumes of water were used. Some experiments were performed to evaluate the
sorption capacity of the different resins using a small volume of treated wastewater 250
ml or 1 l. Other experiments were also performed to evaluate the impact of resin sorption
capacity as a pretreatment to the UF membrane using a large volume of treated
wastewater between 2.5 L and 4.5 L.
All experiments were performed in batch reactor at room temperature (≈ 20°C). A
predetermined volume of adsorbent were taken using a syringe and mixed with the
treated wastewater using a magnetic stirrer.
Initial experiments conducted with small volume of samples were performed using a 20
minutes contact time (previous experiments showed that the sorption equilibrium was
reached after 20 minutes of mixing); 50 ml of the solution was immediately collected and
filtered through 0.45 um membrane for DOC and UV measurements.
For larger volume experiments, after 20 minutes of stirring the volume was left at room
temperature for the resin to settle down. The next day, water was separated from the resin
using a 63 µm polymeric sieve. The resin treated samples were then used for
ultrafiltration experiments.
All DOC and UV analyses were conducted after 0.45 um filtration. DOC and UV254
analyses of TJWW and THWW were conducted before and after mixing with resins, the
percent of DOC and UV removal were calculated using the formulas below:
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III.3 Ultrafiltration Experiments
III.3.1 Lab scale unit experimental procedure
The dead end filtration flow process was applied for all experiments. The dead end flow
allows water to pass through and block the particles of pore size larger than the pore of
membrane. As a result, a cake layer can form on the surface. The membrane permeability
is then reduced until the layer is removed. Backwashing is used for the removal of
reversible fouling.
The study was carried out at bench-scale by using a flexible filtration system developed
at the John Hopkins University (USA) (Huang, 2007). This bench-scale filtration unit
operates under constant flux and can be used for different filtration modes, either in
submerged outside-in or inside-out flow configuration. The constant flow is provided by
a dual channel peristaltic pump (pump A, Figure 1), allowing two membrane modules to
be tested simultaneously. The same pump was used as the feed pump and the backwash
pump. In the case of submerged membrane configuration, another dual channel peristaltic
pump is used to feed the column with effluent (pump B, Figure 1, left).
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Permeate

Feed Water

Pressure
Gauge

A

Pressure
gauge

P

Feed Pump

Permeate

Retentate

Feed water column

P

Permeate

Permeate

A

B

Feed Pump

Permeate
pump

Feed Water
Reservoir
Balance

Balance

Figure 1: Bench-scale filtration unit in submerged, outside-in (left) and inside-out
(right) (as proposed by Huang et al., 2007).
The computational software records the pressure, permeability, and the accumulated
volume of filtration. During the fouling process, 10 cycles were tested; every cycle is
defined with a filtration time of 20 minutes and a backwashing time of 2 minutes. After
220 minutes, the system is stopped and the computational software records the
permeability of permeate and backwash of every cycle.
The pressure of the system is very low and it is changing. During filtration process,
wastewater is circulated by the feed pump to the UF membrane. The second pump
records the varied pressure of permeate. Fouling can be reflected by the decrease of the
permeability after the backwash. To remove the reversible fouling, a backwash process
were applied using the permeate water produced. DOC were analyzed after the filtration
process by collecting samples of feed, permeate, and backwash.
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Filtration tests were performed with “home-made” hollow-fiber modules: 6 loose fibers
of 25 cm long were potted into mini-modules (near 60 cm2). Some experiments were
performed with only 4 fibers. Two types of hollow-fiber membranes with different
materials and Molecular Weight Cut-Off (MWCO) were tested in this study. Table 5
gives the characteristics of the hollow fibers membranes used. Our choice focused on
poly-vinylidene fluoride (PVDF) and polyether sulfone (PES) membranes, the two
dominant materials proposed today.
Type

UF1

UF2

Material

PES

PVDF

150

30

1.2

0.7

2.0

1.3

In/Outside

Outside/In

Pure Water Permeability (L/h.m², bar, 20°C)

553 (± 12%)

-

Contact angle (°)

Total wetting

30

MWCO (kDa)/ Nominal pore size (nm)
Internal diameter (mm)
External diameter (mm)
Flow pattern

Table 5: Characteristics of the hollow fiber membranes.
The experiments were conducted under constant flux (50 L/m².h). A new membrane
module was prepared for each filtration run. The filtration test was performed on few
liters of treated wastewater effluent before and after resin adsorption. During the
membrane fouling test, the TMP and permeate flux were recorded by a pressure sensor
and an electronic flow meter respectively to measure the degree of membrane fouling
during the filtration of various feed solution. After membrane cleaning (rinsed by
filtering a minimum of 2L of ultra-pure water until a stabilized TMP was obtained) and
prior to filtration test, membrane specific permeability (Jo) of each membrane module
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was determined by filtering the synthetic water through the membrane for a period of 30
min at the same permeate flux as that to be used for the fouling experiment.
To compare the filtration capacity of the different effluents, a revised Hermia model was
used in order to calculate the Unified Membrane Fouling Index (UMFI). This fouling
index was calculated to quantitatively compare the fouling potential of the water sources,
as described by Huang et al. (2008).
The UMFI (m²/L) is calculated from a data plot of the reciprocal of the normalized
specific flux versus the unit permeate throughput:

Jso
 UMFI  Vs  1
Js
With, Js, the specific flux (l/m².h.bar, 20°C); Jso, the initial specific flux (l/m².h.bar,
20°C); UMFI, the fouling index (m²/l); Vs the unit permeate throughput (l/m²).
III.3.2 Ultrafiltration after Resin Sorption
III.3.2.1 Experimental Set-up for Treated Haddah wastewater
The fouling rate was tested after mixing the most efficient ion exchange resins with
THWW using the UF membrane, inside-out module. The THWW was separated from the
resin using the 63 µm sieve before performing the UF experiment. All the experiments
used 6 hollow fibers module. Table 6 shows the experimental set-up of THWW after
resin sorption.
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Raw Water
THWW after sand filtration
THWW after sand filtration
THWW after sand filtration

Adsorbent
DOWEX MARATHON 11
DOWEX PSR2
DOWEX SD2

Membrane
UF
UF
UF

PES Module
Inside-Out 6 fibers
Inside-Out 6 fibers
Inside-Out 6 fibers

Table 6: The experimental set-up of treated Haddah wastewater after resin
sorption.
III.3.2.2 Experimental Set-up for Treated Jeddah wastewater
The filtration experiments used 4 or 6 hollow fibers PVDF modules. The six hollow
fibers were used with DOWEX SD2, DOWEX Marathon11, and DOWEX PSR2. The
four hollow fibers were used with DOWEX Marathon A2, DOWEX Optipore L492, and
DOWEX SAR. Table 7 shows the experimental set-up of treated Jeddah wastewater after
adding ion exchange resin.

Raw Water

Adsorbent

Membrane

PVDF Module

SE TJWW

DOWEX SD2

UF

Outside-In 6 fibers

SE TJWW

DOWEX Marathon 11

UF

Outside-In 6 fibers

SE TJWW

DOWEX PSR2

UF

Outside-In 6 fibers

SE TJWW

DOWEX Marathon A2

UF

Outside-In 4 fibers

SE TJWW

DOWEX Optipore L493

UF

Outside-In 4 fibers

SE TJWW

DOWEX SAR

UF

Outside-In 4 fibers

Table 7: The experimental set-up of treated Jeddah wastewater after resin sorption.
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III.4 Analytical Methods
Organic matter content and characteristics were determined based on TOC/DOC; UV 254
absorbance and LC-OCD measurements.
III.4.1 Ultraviolet Photometry (UV 254)
Ultraviolet absorption at 254 nm is used to evaluate the aromatic carbon content of
dissolved organic carbon. The organics generally have a strong absorption at UV 254 nm.
The UV 254 is very practical, easy, and economical for the measurements of organics.
UV absorption at 254nm represents the unsaturated structures (aromatics and aliphatic) of
the organic matters in water. UV absorbance analyses at 254 nm were conducted using a
1 cm quartz cell on a Shimadzu UV-2550 spectrophotometer.
III.4.2 Shimadzu Total Organic Carbon (TOC)
The Shimadzu TOC-VCPH analyzes the total carbon, inorganic carbon, and the total
organic compounds in water. The total organic carbon is determined after acidification
and purge of the samples (removal of inorganic carbon prior to analysis). Each sample is
measured three times and the average value of TOC is automatically recorded. The
calibration curve is performed on a regular basis with standards ranging from 0.5 to
12mg/l of C. The detection limit of the TOC analyzer is near 0.5 mg/L C with a 5%
systematic error.
III.4.3 Liquid Chromatography Organic Carbon Detection (LC-OCD)
LC-OCD was used in this study to characterize the organic fractions in the feed,
permeate, and backwash samples. The equipment was installed with a chromatographic
column for the separation of organic matter according to their molecular size and ion
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exchange ability. In LC-OCD system, the major part is the organic carbon detector
(OCD) which is based on the infrared detection of CO2 generated in the calcination of
organic matter in water. LC-OCD has other detectors like organic nitrogen detector
(OND) and UV detector (UVD) (Huber, 2006).
LC-OCD has a high potential in the identification of organic matter fractions in water.
From LC-OCD results, a lot of information on compound quantification and
characterization can be obtained. The sensitivity is low to µg/l range. LC-OCD is used by
about 20 research groups all over the world. Its major application includes studying
membrane performance and fouling. Also, it monitors pretreatment of seawater and
municipal water quality (Huber, 2006).
A typical LC-OCD output of wastewater is shown in figure 2. The first peak that
corresponds to 30 min after injection is biopolymers. The humic substance peak is around
45 min. Low molecular weight (LMW) has a retention time of 58 min. The peak that
follows the acid peak is attributed to neutrals and amphilic compounds. Organic carbon
concentration can be calculated by integrating the area below the peak and the resulting
peak area is related to carbon concentration by using a calibration curve of potassium
hydrogen phthalate. The UVD chromatograms show similar distributions except for
biopolymers and LMW neutrals since they do not have double bonds necessary for light
absorption at 254 nm (Rosenberger et al. 2006).
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Figure 2: LC-OCD Output of wastewater
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Chapter IV
Results and discussions
IV.1 Removal of dissolved organic matter by resin sorption
IV.1.1 DOC and UV removal
In order to choose the most efficient resins between the twenty resins purchased, the
percent of the removal of dissolved organic carbon (DOC) and UV were determined for
THWW and TJWW.
IV.1.1.1 Treated Haddah wastewater
Two samples were obtained from the THWW plant, before and after sand filtration
samples, (The initial DOC of THWW before sand filtration was 3.56 mg/l and its initial
UV was 0.094 cm-1. The initial DOC of THWW after sand filtration was 3.61mg/l and its
initial UV was 0.093 cm-1). These samples were used for the adsorbents experiments.
Table 8 shows the results of the percent of DOC removal and the percent of UV removal
of THWW before and after mixing it with ion exchange resins.
Adsorbents

% DOC Removal

DOWEX Marathon MSC

DOC after
resin (mg/l)
2.96

% UV Removal

17.86

UV after resin
-1
(cm )
0.09

DOWEX Optipore L493

2.66

26.28

0.07

24.73

DOWEX SAR

1.96

44.94

0.022

76.59

Amberlite TM PWA9

1.75

50.84

0.027

71.28

DOWEX Marathon A2

1.7

52.24

0.029

69.15

3.22

Table 8: The percent of DOC and UV removal of THWW wastewater after resins.
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Adsorbents

% UV Removal

55.29

UV after resin
-1
(cm )
0.028

1.54
1.288

56.74
64.32

0.019
0.023

79.78
75.26

DOWEX TAN1

1.239

65.67

0.023

75.26

DOWEX Optipore SD2

1.19

66.57

0.016

82.98

DOEWX Marathon 11

1.12

68.97

0.02

78.49

DOWEX Marathon
A(OH)
DOWEX PSR 2
DOWEX 1

DOC after
resin (mg/l)
1.614

% DOC Removal

69.89

Table 8 (Cont): The percent of DOC and UV removal of THWW wastewater after
resins

For some resins, an increase of the DOC and the UV254 were observed, observation that
is probably the result of resin bleeding. These resins were not taken into consideration for
the rest of the study.
Figure 3 shows the percent of DOC and UV removal of THWW for the 10 ion exchange
resins selected. They were classified from the low percent to the high percent of DOC
removal accompanied with their percent of UV removal.
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90

1: DOWEX Marathon
MSC Cation Resin

% DOC REMOVAL
% UV REMOVAL

80

2: DOWEX Optipore
L493 Polymeric Resin
3: DOWEX SAR Anion
Resin

70

4: Amberlite TM PWA9
Resin

60

5: DOWEX Marathon
A2 Anion Resin

50

6: DOWEX Marathon
A(OH) Anion Resin

40
7: DOWEX PSR2 Anion
Resin

30

8: DOWEX 1 Anion
Resin

20

9: DOWEX TAN 1
Anion Resin

10

10: DOWEX Optipore
SD2 Polymeric Resin

0

11: DOWEX Marathon
11 Anion Resin

1

2

3

4

5

6

7

8

9

10

11

Figure 3: The percent of DOC and UV removal of THWW with resins.
Based on the percent of DOC and UV removal, the most efficient resins are the one that
remove the highest percentage of dissolved organic carbon. Results of figure 3 showed
that DOWEX Marathon 11, DOWEX Optipore SD2, DOWEX TAN 1, and DOWEX 1 are
the most efficient resins. Their DOC removal ranged from 64 to 69% and the UV
removal from 75 to 83%.
The least efficient resins are DOWEX Marathon MSC, DOWEX Optipore L493
polymeric adsorbent, and DOWEX SAR anion exchange resin. Their percent of DOC
removal were less than 50%.
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In addition, it is shown in figure 3 that there is an intermediate group of resins where their
DOC removal varied from 51 to 57%. These resins are Amberlite TM PWA 9, DOWEX
Marathon A(OH) anion resin, and DOWEX PSR2 anion resin.
IV.1.1.2 Treated Jeddah wastewater
Similar experiments were performed with TJWW by focusing only on the three most
efficient ion exchange resins (DOWEX Marathon 11, DOWEX Optipore SD2, and
DOWEX PSR2) and the three least efficient resins (DOWEX Optipore L493 polymeric
adsorbent, DOWEX SAR anion exchange resin, and DOWEX Marathon A2) isolated
during the experiments conducted with THWW. Table 9 gives the percent of DOC and
UV removal. Its initial DOC and UV were as follows: 4.13 mg/l and 0.124 cm-1
Adsorbents

DOC after
resin (mg/l)

%DOC
Removal

DOWEX Optipore L493
DOWEX SAR
DOWEX Marathon A2
DOWEX PSR2
DOWEX Optipore SD2
DOWEX Marathon 11

3.16
2.97
3.02
2.67
1.83
2.35

23.56
27.93
26.77
35.24
55.63
42.93

UV after
resin
(cm-1)
0.08
0.04
0.07
0.05
0.04
0.05

% UV
Removal
32.25
62.09
43.54
59.67
64.51
57.25

Table 9: The percent of DOC and UV removal of TJWW after resins.
Figure 4 summarizes the results of table 9. The results show the percent of DOC and UV
removal of TJWW. The same conclusion can be established, DOC and UV removals
determined for the DOWEX Optipore SD2 polymeric adsorbent and DOWEX Marathon
11 anion exchange resin are significantly higher as to compare to DOWEX Optipore
L493 polymeric adsorbent, DOWEX SAR anion exchange resin, and DOWEX Marathon
A2 anion exchange resin. In addition, for all the six resins, there is a higher removal of
UV than DOC.
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Figure 4: The percent of DOC and UV removal of Jeddah wastewater after mixing
it with ion resins.
IV.2 Impact of resin property on DOC and UV removal
For both THWW and TJWW DOWEX Optipore SD2 and DOWEX Marathon11 were the
top two most efficient resins
DOWEX Optipore SD2 is a polymeric adsorbent with a tertiary amine functional group.
It is a macroporous resin with a high porosity (800 m2/g) and a high surface area. Its
particle size varies between 20 to 50 mesh. This adsorbent is functionalized with weak
base groups to provide a hydrophilic character giving the adsorbent a good wettability
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and compatibility with acid and base regenerants. The percent of its water content is 5060% and its total capacity exchange is 0.83 eq/l. DOWEX Optipore SD2 particles are
very small in size with high percentage of water content, total exchange capacity, and
surface area.
DOWEX Marathon 11 is a strong base anion exchange resin designed for high organic
water in some applications. It is a gellular resin with a functional group of quaternary
amine. It is a type I strong base anion with a particle size that varies between 20 to 50
mesh. It has a high capacity resin of 1.3 eq/l. The performance of DOWEX Marathon 11
is of better capacity compared to other resins. DOWEX Marathon 11 has a water content
of 48-58%.
Both DOWEX Marathon 11 and DOWEX Optipore SD2 have the smallest particle size.
The smallest particle size resins deliver a higher capacity. Each resin has a characteristic
water content associated with the functional groups and adhering to the outer surface of
the resin particles. This equilibrium water depends on the resin backbone, the nature of
the functional groups, and the ionic form.
Table 10 summarizes the DOC results obtained for the 6 resins tested with both
wastewaters with their respective (particle size, total exchange capacity and water
content). There are no evident relationships that can be extracted from this data set.
Notice that the inorganic composition of the water can also play a significant role;
unfortunately these data are not available.

51
Resin Name

% DOC
Removal with
THWW

% DOC
Removal with
TJWW

Total
Exchange
Capacity (eq/l)

Average Water
Content (%)

42.93

Average
Particle
Size
(mesh)
35

DOWEX
Marathon 11

68.97

1.3
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DOWEX SD2

66.57

55.63

35

0.83

55

DOWEX PSR 2

56.74

35.24

28

0.65

43.75

DOWEX
Marathon A2

52.24

26.77

35

1.2

49.5

DOWEX SAR

44.94

27.93

33

1.4

41.5

DOWEX
Optipore L493

26.28

23.56

35

-

57.5

Table 10: Percent removal of DOC of THWW and TJWW after resins and the
characteristics of resins.
IV.3 Impact of wastewater quality
Table 11 gives the concentration of dissolved organic carbon measurements of TJWW
and THWW using Shimadzu TOC and LC-OCD. For both wastewaters the DOC contents
obtained with the two analytical approaches are similar. TJWW is slightly more enriched
in DOC than THWW.
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Type of
Wastewaters
TJWW

Shimadzu
TOC
(mg/l)
4.13

By-pass
(DOC)
(mg/l)
4.01

LC-OCD
(HOC)
(mg/l)
0.47

Biopolymer
(mg/l)
0.21

Humic
(mg/l)
1.47

Building
Blocks
(mg/l)
0.72

LMW
Neutrals
(mg/l)
1.09

THWW

3.61

3.02

1.64

0.09

0.54

0.31

0.44

Table 11: Characteristics of dissolved organic carbon of treated Jeddah and
Haddah wastewaters and organic fractions.
The LC-OCD analyses showed that humic substances represent the largest DOC
concentration of both wastewaters. However, TJWW contains more humics concentration
than THWW (TJWW is 1.47 mg/l and for THWW is 0.54 mg/l). For both wastewaters
the second most important fraction is the LMW neutrals fraction. In addition, the
concentration of biopolymer is very low, 0.21 mg/l for TJWW and 0.09 mg/l for THWW.
With LC-OCD, The difference between DOC and CDOC represent the hydrophobic
organic carbon (HOC). The HOC represents only 11.72% of the total DOC for TJWW
but more than 50% (54.3%) for THWW.
The difference in HOC content may explain that resins are more efficient for THWW
than TJWW. Again another reason could be the salt distribution that is not analyzed.
IV.4 Characteristics of the DOC removal with resin sorption
IV.4.1 The most efficient resins
Tables 12 and 13 show the DOC content and DOC distribution (Shimadzu TOC and LCOCD analyses) after resin sorption with DOWEX PSR2, DOWEX Marathon 11, and
DOWEX SD2, for TJWW and THWW, respectively.
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TJWW

After
DOWEX
SD2
After
DOWEX
Marathon 11
After
DOWEX
PSR2

Shimadzu
TOC
(mg/l)
1.86

By-pass
(DOC)
(mg/l)
1.89

LC-OCD
(HOC)
(mg/l)
0.3

Biopolymer
(mg/l)
0.18

Humic Building
(mg/l) Blocks
(mg/l)
0.49
0.46

LMW
Neutral
(mg/l)
0.62

2.36

2.11

0.44

0.16

0.36

0.68

0.98

2.67

2.45

0.43

0.20

0.74

0.58

0.66

Table 6: Shimadzu TOC and LC-OCD analyses of TJWW after adding the most
efficient resins.
THWW

After
DOWEX
SD2
After
DOWEX
Marathon 11
After
DOWEX
PSR2

Shimadzu
TOC
(mg/l)
1.32

By-pass
(DOC)
(mg/l)
1.67

LC-OCD
(HOC)
(mg/l)
0.6

Biopolymer
(mg/l)
0.06

Humic
(mg/l)
0.23

Building
Blocks
(mg/l)
0.22

LMW
Neutral
(mg/l)
0.4

1.52

2.01

0.84

0.05

0.18

0.22

0.41

1.51

2.02

0.92

0.065

0.25

0.24

0.42

Table 7: Shimadzu TOC and LC-OCD analyses of Treated Haddah wastewater after
adding the most efficient ion exchange resins.
Table 12, TJWW, confirms as previously that both DOC measurement techniques (TOC
Shimatzu and LC-OCD) provide similar results. On the contrary significant differences
were observed in table 13 for THWW with LC-OCD providing higher DOC content than
Shimadzu TOC analyzer.
Figures 5 and 6 demonstrate the LC-OCD chromatograms of TJWW and THWW
respectively before and after adding some resins. It is clear that after adding resins, the
organic fractions are reduced.
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Figure 5: LC-OCD Chromatograms of TJWW before and after resin sorption.
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Figure 6: LC-OCD Chromatograms of TJWW before and after resin sorption.
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Tables 14 and 15 show the percent of the removal of organic fractions calculated based
on the concentration of organic fractions given in tables 11, 12, and13.
Type of
Wastewaters

% Removal
of HOC

% Removal
of Humic

36.17

% Removal
of
Biopolymer
14.28

TJWW with
DOWEX SD2
TJWW with
DOWEX
Marathon 11
TJWW with
DOWEX
PSR2

% Removal of
LMW Neutrals

66.67

% Removal
of Building
Blocks
36.11

6.38

23.8

75.51

5.55

74.3

8.5

4.76

49.65

19.44

39.44

43.11

Table 8: The percent removal of organic fractions of the three most efficient resins
with TJWW.

Type of
Wastewaters

% Removal
of HOC

% Removal
of Humic

63.4

% Removal
of
Biopolymer
33.3

THWW with
DOWEX SD2
THWW with
DOWEX
Marathon 11
THWW with
DOWEX
PSR2

% Removal of
LMW Neutrals

57.4

% Removal
of Building
Blocks
29

49

44.45

66.67

29

6.8

44

27.78

53.7

22.58

4.54

9.1

Table 9: The percent removal of organic fractions of the three most efficient resins
with THWW.
The percent removal of organic fractions after adding the three most efficient resins to
TJWW and THWW feeds was evaluated for the interpretations of which organic fractions
were removed mostly. Table 14 and 15 show the results of organic fractions removal.
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In TJWW, all the most efficient resins removed a high percent of humic fraction followed
by LMW neutrals. In THWW, all the most efficient resins removed a high percent of
humic fraction followed by biopolymers.
The percent removal of hydrophobicity is the highest in THWW than in TJWW. More
hydrophobic matters are removed by DOWEX SD2 in TJWW (36.17%) and THWW
(63.4%). In THWW, the percent removal of HOC by DOWEX Marathon11 and DOWEX
PSR2 was less than 50% as shown in table 15; however, for TJWW both resins removed
less than 10% of HOC (table 14).
IV.4.2 The least efficient resins
The least efficient resins (DOWEX Optipore L493, DOWEX SAR, and DOWEX
Marathon A2) were tested using only TJWW. Table 16 gives the values of DOC using
Shimadzu TOC and LC-OCD and the organic fractions.
Type of WW

TJWW with
DOWEX
Optipore
L493
TJWW with
DOWEX
SAR
TJWW with
DOWEX
Marathon A2

Shimadzu
TOC
(mg/l)
4.04

By-pass
(DOC)
(mg/l)
3.46

LC-OCD
(HOC)
(mg/l)
0.3

Biopolymer
(mg/l)
0.19

Humic
(mg/l)
1.31

Building
Blocks
(mg/l)
0.70

LMW
Neutrals
(mg/l)
0.58

3.94

3.46

0.40

0.20

0.42

0.70

0.61

3.02

2.87

0.35

0.15

1.01

0.52

0.81

Table 10: Shimadzu TOC and LC-OCD analyses of feeds of TJWW after adding the
least efficient resins.
Table 16 demonstrates that the DOC values of Shimadzu TOC and LC-OCD are nearby
similar. The concentration of humic fraction is the highest for DOWEX Optipore L493
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(1.31mg/l) and DOWEX Marathon A2 (1.01mg/l) followed by other organic fractions.
However, DOWEX SAR has a high concentration of building blocks (0.70mg/l) followed
by humic fraction (0.42mg/l).
For the three least efficient resins (DOWEX Optipore L493, DOWEX SAR, and
DOWEX Marathon A2), it was noticed that DOWEX SAR and DOWEX Marathon A2
removed a high fraction of humics followed by LMW neutrals than other organic
fractions. However, DOWEX Optipore L493 removed a high percent of LMW neutrals
followed by humics than other organic fractions (see table 17).
TJWW
with

% Removal
of HOC

% Removal of
Biopolymer

% Removal
of Humic

% Removal of
Building Blocks

% Removal of
LMW Neutrals

DOWEX
Optipore
L493
DOWEX
SAR

36

9.52

10.2

2.77

46.7

15

4.76

71.4

2.77

44

DOWEX
Marathon
A2

25

28.5

31.3

27

25.6

Table 11: The percent removal of organic fractions in TJWW for the three least
efficient resins.

The percent removal of hydrophobic organic matters in TJWW using the least resins was
low than the most efficient resins. DOWEX Optipore L493 removes the highest percent
of HOC (36%) comparing it to DOWEX SAR (15%) and DOWEX Marathon A2 (25%).
Both THWW and TJWW experiments showed that the polymeric DOWEX SD2 and
DOWEX Marathon11 removed more dissolved organic. The percent of DOC removal for
TJWW after adding the most efficient resins was as follows: 55 % for DOWEX SD2,
42.8% for DOWEX Marathon 11, and 35.3% DOWEX PSR 2. However for THWW
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after adding the most efficient resins, the percent of DOC removal was as follows: 63.43
% for DOWEX SD2, 58% for DOWEX Marathon 11, and 58.1% DOWEX PSR 2. The
resins worked more for THWW than for TJWW as more hydrophobic matters are
removed in THWW. THWW before mixing it with resins has a low concentration of
DOC comparing it with TJWW. Moreover, most of the ion exchange resins removed
more humic fractions than other organic fractions.
IV.4.3 Comparison between Shimadzu TOC and LC-OCD (DOC)
A comparison of the concentrations of DOC was done for both TJWW and THWW
before and after adding the three most efficient resins. Figure 7 shows the concentration
of Shimadzu DOC and DOC measured by LC-OCD
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4

Shimadzu TOC
LC-OCD (DOC)

3.5

1: THWW
3

2: THWW
with
DOWEX
SD2

2.5

3: THWW
with DOWEX
Marathon 11

2

4: THWW
with DOWEX
PSR2
Concentratio
n (mg/l)

1.5

1

0.5

0
1

2

3

4

Figure 7: A comparison of DOC concentration (mg/l) using THWW feed using
Shimadzu TOC and LC-OCD
Figure 7 demonstrates that the feed of Haddah wastewater contains more concentration of
DOC using Shimadzu TOC than after using LC-OCD. However, after adding the three
efficient resins the concentration of DOC using LC-OCD is higher than after using
Shimadzu TOC. Also after the addition of resins, the concentration of DOC using
Shimadzu TOC and LC-OCD decreased a lot as shown in figure 7.
Figure 8 shows a comparison of DOC concentration using TJWW feed before and after
adding the six Resins.
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4.5

1: TJWW

Shimadzu TOC
LC-OCD(DOC)

4

2: TJWW with
DOWEX SD2
3: TJWW with
DOWEX
Marathon 11

3.5

3

4: TJWW with
DOWEX PSR2

2.5

5: TJWW with
DOWEX
Optipore L493

2

1.5

6: TJWW with
DOWEX SAR

1

7: TJWW with
DOWEX
Marathon A2

0.5

0
1

2

3

4

5

6

7

Figure 8: A comparison of DOC concentration (mg/l) using treated Jeddah
wastewater feed using Shimadzu TOC and LC-OCD
Figure 8 demonstrates that the feed of TJWW contains approximately similar
concentrations of DOC using Shimadzu TOC and LC-OCD. However, the concentration
of DOC using Shimadzu TOC is a bit higher than the one of LC-OCD. After adding the
six resins, the concentration of DOC using Shimadzu DOC is higher than after using LCOCD except for DOWEX SD2 resin which was similar. Also, after the addition of resins,
the concentration of DOC using Shimadzu TOC and LC-OCD decreased a lot using the
three most efficient resins; however, for the least efficient resins, it did not decrease as
much as if you compare it with the most efficient resins.
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IV.5 Ultrafiltration of EfOM
Ultrafiltration experiments were performed with TJWW and THWW before and after
resin sorption. Meanwhile, synthetic solutions prepared with colloids isolated from
TJWW were also studied.
IV.5.1 Fouling Properties of EfOM
IV.5.1.1 Treated wastewaters (TJWW and THWW)
The types of membrane used to test the fouling of TJWW feeds before and after resins
was the outside-in and inside-out UF membrane. Ten cycles were tested to measure
membrane performance after filtration and backwashing. Backwashing helps removing
the reversible fouling. So when the second cycle starts, its permeability is increased but in
a less percent than the cycle before.
The figure below (figure 9) shows the fouling of TJWW feed using outside-in and insideout membrane. As we go from cycle 1 to cycle 10, the normalized flux decreases which
means more fouling happen from the first cycle to the last cycle.
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Figure 9: Fouling of TJWW feed using 6 fibers with outside-in and inside-out
modules
The treated Jeddah wastewaters used in the experiment were brought from different
period of time. There is more sever fouling shown for the TJWW with inside-out module
(figure 9). The initial normalized flux of the 10th cycle of filtration was reduced by more
than 50%. For the TJWW using the outside-in, there is less fouling. Every next cycle
does not show a great difference decline of the normalized flux compared to the previous
cycle. As a result, there is an enormous decline of the permeability using the inside-out
module. Table 18 demonstrates the DOC values of feeds and permeates for both the
modules of TJWW using Shimadzu TOC and LC-OCD. Also the table gives the
concentrations of the organic fractions in the samples.
The hydrophobicity of the outside-in module was higher than the inside-out module.
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Shimadzu

By-pass

LC-OCD

1

2

3

4

TOC

(DOC)

(HOC)

mg/l

mg/l

mg/l

mg/l

(mg/l)

(mg/l)

(mg/l)

Feed

4.13

4.01

0.47

0.21

1.47

0.72

1.09

Permeate

4.066

3.99

0.39

0.12

1.36

0.66

1.07

Feed

5.06

5.78

3.16

0.18

0.12

1.04

1.13

Permeate

4.96

5.44

2.86

0.07

0.1

1

1.2

Types of Wastewaters

TJWW
Outside-in
module
TJWW
inside-out
module

Table 12: Shimadzu TOC and LC-OCD analyses of TJWW feed and permeate
using the outside-in and inside-out modules.
*Note: 1: Biopolymers; 2: Humic; 3: Building Blocks; 4: LMW Neutrals

For THWW, the fouling was tested during 10 cycles using the outside-in module. Figure
10 determines the fouling of THWW feed. The initial normalized flux of the 10th cycle of
filtration was reduced by more than 30%.
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Figure 10: Fouling of THWW feed using 6 fibers outside-in membrane

Table 19 below shows the values of DOC using Shimadzu TOC and LC-OCD. There are
approximately similar. Comparing the inside-out modules of THWW and TJWW feeds,
there is more hydrophobicity in TJWW feed. However, for permeates, there is more
hydrophobicity in TJWW too.
Type of Wastewaters

THWW

By-pass
(DOC)
(mg/l)
3.02

LC-OCD
(HOC)
(mg/l)
1.64

1
mg/l

2
mg/l

3
mg/l

4
mg/l

Feed

Shimadzu
TOC
(mg/l)
3.61

0.09

0.54

0.31

0.44

Permeate

3.15

3.01

1.6

0.03

0.50

0.32

0.55

Table 13: Shimadzu TOC and LC-OCD analyses of THWW feed and permeate.
*Note: 1: Biopolymers; 2: Humic; 3: Building Blocks; 4: LMW Neutrals
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IV.5.1.2 EfOM colloids
Various studies indicate that colloids, a mixture of polysaccharides and proteins represent
the major UF foulant present in surface water and secondary treated effluent. Habarou et
al. investigated a study concerning a separation of NOM with dialysis bags of molecular
weight 3.5 Da; they concluded that the material passed through the dialysis bags did not
cause a great fouling as the material retained (Habarou et al., 2001). There was an
investigation study by Lee et al. about colloidal NOM; it is reported that colloidal NOM
isolated using dialysis exhibited higher fouling potential than hydrophobic NOM (Lee et
al., 2003b).
Influence of calcium cations in colloidal NOM fouling
Experiments were conducted with synthetic solutions prepared with colloids from the
TJWW in presence and absence of calcium salt. Results showed that in absence of
calcium, EfOM colloids display a significant fouling; however, backwashing appears to
be highly efficient and it demonstrates that mainly reversible fouling occurs. Irreversible
fouling is slowly building up as we go from the first to the last cycle. After adding
calcium, it was noticed that more irreversible fouling is increasing.
Figure 11 shows the fouling of EfOM before and after adding Ca2+.There is a severe
fouling after adding Ca2+ because the normalized flux were reduced greatly during the 10
cycles. Hong and Elimelech reported that one of the main factors influencing colloidal
NOM was the chemical composition of the feed. Also, they reported that the addition of
divalent cations (Ca2+) increased NF membrane fouling (Hong and Elimelech, 1997).
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Figure 11: Fouling in UF membrane of EfOM colloids before and after adding Ca2+
using inside-out membrane
IV.5.2 Comparison of fouling properties
There are different membrane fouling experiments using the most efficient resins with
THWW and TJWW. The unified membrane fouling index (UMFI) was determined, and it
is defined as the slope of the curve of the reciprocal of the normalized flux (J0/J) versus
the permeate volume. Here J0 is the initial permeate flux and J is the water flux that
passes through the membrane. The relationship between the UMFI and fouling is that the
higher the UMFI, the higher the membrane fouling potential. To utilize the UMFI, the UF
fouling of THWW and TJWW was evaluated first before resins mixture by plotting the
reciprocal of normalized flux (J0/J) versus accumulated specific permeate volume. Figure
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12 shows the fouling of TJWW feeds using outside-in membrane. As an example figure
12 illustrates the reciprocal normalized flux.

Figure 12: Fouling of TJWW using 6 fibers of outside-in membrane

The UMFI were subtracted from figure 12 using the formula

Jso
 UMFI  Vs  1 ,
Js

and figure 13 demonstrates the UMFI of TJWW using outside-in membrane.
Figure 13 shows the fouling index of TJWW before and after adding the three most
efficient resins during 10 cycles. It is clear from figure 14 that DOWEX SD2 was the
most efficient one as it removes more fouling comparing it to others. It UMFI value is the
lowest during 10 cycles. So, DOWEX SD2 was the most efficient resin in the removal of
fouling in TJWW.
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Figure 13: UMFI of TJWW using outside-in membrane before and after adding the
most efficient resins
Figure 14 demonstrates the UMFI of THWW before and after adding the most efficient
resins during 10 cycles. The UMFI did not decrease a lot after adding resins. All the
values of UMFI are nearby approaching. However, DOWEX SD2 again was the most
efficient resin with THWW, and it removed more fouling as shown in figure 14.
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Figure 14: UMFI of THWW before and after adding the most efficient resins using
inside-out membrane
The UMFI was very high for TJWW than THWW which means more fouling potential in
TJWW. Comparing wastewaters before and after resins, fouling is less after adding resins
for THWW and TJWW. DOWEX SD2 removed more fouling than other resins for
THWW and TJWW. However, it worked efficiently with TJWW than with THWW. It is
anticipated that DOWEX SD2 removed more hydrophobicity than other resins as shown
before. May be more hydrophobic matters are causing fouling and DOWEX SD2 worked
efficiently.
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Figure 15 demonstrates the reciprocal of the normalized flux at the beginning of each
cycle. These data represent the evaluation of the irreversible fouling of DOWEX SD2 as
a function of successive filtrations.

Figure 15: Irreversible fouling of TJWW with DOWEX SD2

The fouling removal was very high after adding the most efficient resin, DOWEX SD2.
The irreversible fouling decreased from approximately 1.8 to 1.2 as shown above.
DOWEX SD2 worked efficiently during the 10 cycles of filtration for the removal of
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irreversible fouling that causes severe fouling that cannot be removed by physical
cleaning.
For THWW, the three most efficient resins were tested for the removal of fouling in
THWW. Figure 16 demonstrates the irreversible fouling of DOWEX SD2 comparing it to
THWW before the addition of resin. DOWEX SD2 was the one that worked better than
other resins.

Figure 16: Irreversible fouling of THWW with DOWEX SD2
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Comparing the irreversible fouling of THWW before and after DOWEX SD2 resin, the
reciprocal normalized flux of the last filtration cycle of was 1.38 for THWW and 1.2 for
THWW with DOEWX SD2 did not show a significant decrease. The resins did not affect
fouling of THWW. DOWEX SD2 worked good for both treated wastewaters; however,
it was effective for TJWW than THWW.
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Chapter V
Conclusions


Twenty ion exchange resins were received from different types. Six resins were
chosen, and three were determined to be the most efficient according to their high
percent removal of DOC. The other three were defined to be less efficient. These
resins were used to prevent fouling of UF membrane and tested with Jeddah
wastewater and Haddah wastewater.



Both Haddah and Jeddah wastewaters experiments showed that the polymeric
DOWEX SD2 and DOWEX Marathon11 removed more percent of dissolved
organic carbons and UV since both resins have a high total exchange capacity,
high porosity, a high percent of water content, and a low particle size.



DOWEX SD2 removed more fouling potential than the other most efficient resins
for both THWW and TJWW as the UMFI value decreased a lot after adding this
resin to the wastewaters.



DOWEX SD2 removed more hydrophobicity compared to other most efficient
resins.



The percent removal of hydrophobicity was very high for the most efficient resins
than the least efficient resins.



Humics fraction is not the main cause of fouling for the UF membrane.

 There is a severe fouling after adding Ca2+ to EfOM colloids because the
normalized flux were reduced greatly maybe the calcium ions added were not
enough to bind all Ca2+ naturally bounded to EfOM colloids.
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