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abstract
Studies were performed to determine the effectiveness of hybrid system combining ion exchange 
and ultrafiltration for surfactant separation from water solutions. During the experiments the influ-
ence of membrane cut-off, type of ion-exchange resin, resin dose and contact time was evaluated. 
The results obtained for the hybrid system were also compared with the effectiveness of the single 
processes, i.e. ultrafiltration and ion exchange. It was found that the combination of ion exchange 
and ultrafiltration was more effective in surfactant removal than ultrafiltration process alone. In the 
hybrid system because of the resin presence, the systematic increase in surfactant separation along 
with the filtration time was noticed. From among the ion-exchange resins tested the most effective 
was MIEX® one. For the smallest resin dose equal to 5 cm3/dm3 the reduction of anionic surfactants 
from model solution with concentration of 0.25 CMC reached almost 100% for the hybrid process 
with 30 kDa polyethersulfone membrane. The retention coefficient of anionic surfactant achieved 
by the ion-exchange–ultrafiltration system with A100 and A200 resins was lower and amounted 
to 47% and 94% after 60 min of the process, respectively.
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1. Introduction

Anionic surfactants are the major class of surface 
active agents used in detergent formulation and as fa-
cilitators in a wide range of industrial applications such 
as textiles, food, paints, polymers, pharmaceuticals, 
mining, pulp and paper production. The consumption 
of surfactants for both industrial and domestic purposes 
has resulted in worldwide production of approximately 
17 million tonnes in 2000 (including soap), with expected 
future growth rates of 3–4% per year globally and of 
1.5%–2.0% in the EU [1].

Due to the diversity of surfactants and their physico-
chemical properties it is difficult to develop a single and 

effective treatment method of detergent wastewater. From 
among techniques which were studied in this research 
area [2–8] the following can be listed: biodegradation, co-
agulation, foaming, oxidation, adsorption, ion exchange 
and membrane processes. Numerous reports indicate 
that membrane technology is emerging as one of the 
leading contenders in the recovery of water and concen-
trated products from the rinsing waters used in the batch 
production of surfactants and detergents. Micro- and 
ultrafiltration have been suggested as a means of recov-
ery of surfactants with critical micelle concentrations. 
If the surfactant concentration is low, that is, monomer 
concentration, (c < CMC) then nanofiltration has been 
suggested as an effective removal process. The effective-
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ness of pressure-driven membrane processes (i.e. UF, NF) 
is not always efficient enough to discharge the treated 
detergent effluents directly to the environment. In this 
connection an additional treatment process to improve 
the membranes selectivity must be applied. Therefore an 
ion-exchange–ultrafiltration system would seem to be a 
very effective solution to this problem.

The article presents a possibility of applying a hybrid 
system combining ion exchange and ultrafiltration for 
separation of anionic surfactants from water solutions. 
The effect of membrane cut-off, type of ion-exchange 
resin, its dose and contact time was evaluated. The results 
obtained for the hybrid system were also compared with 
the effectiveness of the single processes, i.e. ultrafiltration 
and ion exchange. The maximum ion-exchange capacity 
of selected resins towards SDBS calculated from Lang-
muir model was presented.

2. Experimental procedures

2.1. Model solutions

Experiments were carried out on surfactant solutions 
prepared from distilled water and powdered surfactant. 
Sodium dodecylbenzenesulfonate (SDBS) was purchased 
from Sigma and used as such without further purifica-
tion. The active content was about 80% by wt. and the 
molecular weight amounted to 348.48 Da. The concentra-
tion of SDBS in model solutions amounted to 0.25 CMC, 
1.0 CMC and 3.0 CMC. Its critical micelle concentration 
(CMC) was determined via surface tension measurements 
using Lauda tensiometr and amounted to 2.29 mmol/dm3 
at 22°C.

The anionic surfactant concentration was measured 
using potentiometric titrator 785 DMP Titrino (Metrohm).

2.2. Ultrafiltration

The permeation tests were carried out with the use 
of commercial polyethersulfone membranes (Microdyn-
Nadir® GmbH). The main properties of the polymers are 
shown in Table 1.

Flat sheet membranes were tested in a laboratory set-
up, whose main part was an Amicon 8400 cell with the 

Table 1
Characteristics of Nadir® ultrafiltration membranes [9]

Membrane type Membrane material Cut-off, kDa Pure water flux1)

(dm3/m2h)
Pure water flux2)

(dm3/m2h)

UP005 Polyethersulfone 5 >30 41
UP010 10 >150 265
UP030 30 >100 345

1) Test conditions: 3 bar, 20°C, stirred cell: 700 RPM
2) Determined by the author. Test conditions: 3 bar, 22°C, stirred cell: 300 RPM

total volume of 0.350×10–3 m3 and a working area of the 
membrane of 4.54×10–3 m2. In order to maintain a stable 
concentration of the substances in the feed solution, the 
permeate was recirculated to a filtration cell (Fig. 1). The 
filtration experiments were carried out at the transmem-
brane pressures range of 0.5–3 bar.

During filtration tests the following calculations were 
done:

 • Permeate volume flux (J ): 

3 2    dm /m hVJ
t A

=
⋅

 (1)

where V is the permeate volume (dm3), t stands for the 
time (h), and A denotes the working area of the mem-
brane (m2).

 • Retention coefficient of anionic surfactant (R):

100%f p

f

c c
R

c
−

= ⋅  (2)

where cf and cp are the surfactant concentration in the feed 
and permeate, respectively.

2.3. Ion exchange

The experiments with anion-exchange resins (Table 2) 
were carried out using a Velp Scientifica JLT4 jar tester. 
One liter samples of the solution were put into beakers, 
and the following amounts of resin were added: 2.5, 5, 
10 and 20 cm3/dm3. The content in the beakers was well 
mixed at a speed of 150 rpm. After an allotted time of mix-
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Fig. 1. Laboratory set-up: 1 – filtration cell, 2 – membrane,  
3 – stirrer, 4 – gas cylinder, 5 - reducer, 6 – recirculation pump.
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ing (5, 10, 20, 40, 60, 90 and 120 min), the samples of the 
solution were taken for measurements of the surfactant 
concentration.

The surfactant uptake (q, mmol/cm3) on the resin was 
calculated using the following formula:

( )i
J

Vq C C
V

= −  (3)

where Ci (mmol/dm3) — initial surfactant concentration 
in the solution, C (mmol/dm3) - surfactant concentration 
in the solution at given contact time, V (dm3) — solution 
volume, VJ (cm3) — resin volume.

Ion-exchange isotherms were analyzed using the 
linear-form of the Langmuir model:

max max

1e e

e L

C C
q q K q

= +  (4)

where qe (mmol/cm3) — equilibrium amount of SDBS 
exchanged on a resin volume of 1 cm3, Ce (mmol/dm3) 
— equilibrium concentration of SDBS in solution, qmax 
(mmol/cm3) — maximum uptake of SDBS exchanged 
on a resin volume of 1 cm3, KL — Langmuir constant 
(dm3/mmol).

2.4. Ion-exchange–ultrafiltration system

During the hybrid system a mixture of surfactant so-
lution and resin was treated by means of ultrafiltration. 
Therefore the anion-exchange resin was dosed directly to 
the filtration cell. The content of the Amicon cell was well 
mixed. Similarly as in the UF process in order to maintain 
a stable concentration of the substances in the feed solu-
tion, the permeate was recirculated to the filtration cell. 
After an allotted time of mixing (5, 10, 20, 40 and 60 min), 
the samples of the solution were taken for measurements 
of surfactant concentration.

Table 2
Characteristics of anion-exchange resins [10,11]

Parameter MIEX® A100 A200

Manufacturer Orica Watercare Purolite Purolite
Type Strong base anion 

macroporous
Weak base anion 
macroporous 

Strong base anion gel

Structure Polyacrylic Polystyrene crosslinked 
with divinylbenzene

Polystyrene crosslinked with 
divinylbenzene

Functional group Type 1 quaternary 
ammonia

Tertiary amine Type 2 quaternary ammonium

Particle size, mm 150–180 725 ± 125 725 ± 125
Total capacity, mmol/cm3 — 1.3 1.3
Water content, % — 53-60 45–51
Ion-exchange capacity*, mmol/cm3 0.398 0.902 1.068

* Determined by the author according to Polish Norm PN-93/C-04860/14

3. Results and discussion

3.1. Ultrafiltration

Separation properties of the ultrafiltration membranes 
during the permeation tests are presented in Fig. 2. 
Comparing the separation properties of the membranes 
with different cut-off values, it can be inferred that the 
greater the molecular weight cut-off of the membranes 
(the more spongy the structure and the larger the pore 
size), the less effective the SDBS separation from the water 
solutions. This phenomenon was especially pronounced 
for the concentration below the CMC value. This can be 
exemplified by the SDBS retention coefficient reaching 
approximately 80%, 52% and 23% for 5, 10 and 30 kDa 
membrane, respectively. For solutions with surfactant 
concentrations of 1.0 CMC and 3.0 CMC, the drop in the 
surfactant retention with the increase in cut-off value 
was less pronounced and the SDBS retention coefficient 
amounted to 87–94%, 68–81% and 65–85% for 5, 10 and 
30 kDa membrane, respectively. At the same time the 
retention coefficient of SDBS from model solutions was 
stable during the filtration process for all membranes 
tested.

The separation properties of the membranes during 
permeation of surfactant solutions can be attributed to 
several phenomena, such as sieving mechanism, concen-
tration polarization, membrane fouling and interactions 
between surfactant and membrane. For the lowest sur-
factant concentration (i.e. 0.25 CMC), the high surfactant 
retention was mainly connected with the pre-micelles 
formation in the concentration polarization layer on the 
membrane surface which can convert to micelles [12]. For 
the concentration close to the CMC value, as a result of 
the micelle creation, the separation increased (especially 
for 30 kDa membranes). Taking into account the radius 
of the SDBS micelle (22 Å) [13] and its average molecular 
weight (which is about 50 times greater than the molecu-
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lar weight of SDBS molecule [14]), a conclusion can be 
drawn that the sieving mechanism is predominant dur-
ing the surfactant separation by polymer membranes, 
especially in the concentration range above the critical 
micelle concentration.

3.2. Ion exchange

The exchange isotherms of surfactant removal on 
anion-exchange resins are presented in Figs. 3 and 4. The 
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Fig. 2. SDBS retention during the ultrafiltration process.
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Fig. 3. Effect of contact time and initial surfactant concentra-
tion on the SDBS exchange on anion-exchange resins (resin 
dose: 10 cm3/dm3).

results indicate that the surfactant amount exchanged 
from water solution rose with increasing of initial surfac-
tant concentration and with decreasing of resin dose as 
a result of increasing in driving force. It was also stated 
that the surfactant amount exchanged on the resins in-
creased with time for any initial concentration. For ap-
plied resins most of exchange took place within the first 
30–40 min. (75–80% of uptake) and then the removal rate 
became slow and a plateau of surfactant separation was 
attained. For the lower initial surfactant concentrations 
and for the higher resin doses the equilibrium time was 
faster achieved as a result of the competition weakness 
for the active sites. From among resins tested the lowest 
equilibrium time (on a level of 10 min) was achieved by 
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MIEX® resin. The equilibrium time attained by A200 and 
A100 resins amounted to 40 min and 60 min, respectively.

The results of the experiments confirmed that the ef-
fectiveness of ion exchange was strongly influenced by 
resin type, i.e. kind of functional group and its basicity, 
mean size of resin beads and polymer structure. It can 
be easily noticed that the most effective was MIEX® resin 
which is strong base macropurous resin with the small-
est mean size of beads. This is explained by the fact that 
organic anions, such as anionic surfactant, can diffuse 
easier within macropourus structure for the active sites. 
The second strong base gel resin, i.e. A200, was not as 
effective in surfactant separation as MIEX® one what was 
connected with the more dense polymer structure and the 

larger size of beads. On the basis of the Langmuir model, 
the anion-exchange resins were ranked according to SDBS 
exchanging capacity as follows: MIEX® (0.365 mmol/cm3) 
> A200 (0.121 mmol/cm3) > A100 (0.109 mmol/cm3).

The large differences in the observed capacities of 
ion-exchange resins (A200 and A100) towards SDBS ions 
and the ion-exchange capacities (determined towards 
chlorides and sulfates) may be explained by the restricted 
access of surfactant monomers with the significant linear 
dimension to the active sites of gel resins (A200) charac-
terized by a high degree of cross-linking and thus by low 
porosity of the polymer. In the case of A100 macroporous 
resin, its pores are large enough to allow fast diffusion 
of surfactant monomers to the active sites without the 
swelling process; however, the weak base anion-exchange 
resins are characterized by the lower selectivity of the 
weak acid anions. 

The obtained similar capacity values for the third resin 
tested (MIEX®), i.e. 0.365 mmol/cm3 and 0.398 mmol/cm3, 
confirming the above mentioned discussion. Namely, the 
high efficiency of the MIEX® resin should be mainly as-
sociated with the polymer structure and its basicity. The 
very small resin bead size, and the macroporous structure, 
provides effective exchange of surfactant monomers. As 
well as, the strong base resin is highly selective for the 
weak acid anions.

3.3. Ion-exchange–ultrafiltration system

The application of the ion-exchange–ultrafiltration 
system was more effective in surfactant removal than 
the ultrafiltration process alone (Fig. 5). In the hybrid 
system because of the ion-exchange resin presence, the 
systematic increase in surfactant separation along with 
the filtration time was noticed. It was stated that the hy-
brid process was strongly influenced by the resin type. 
From among ion-exchange resins tested in the hybrid 
system, the most effective was magnetic ion-exchange one 
(MIEX®). For the smallest resin dose equal to 5 cm3/dm3, 
the reduction of anionic surfactants from the model solu-
tion with the concentration of 0.25 CMC reached almost 
100% for the hybrid system with 30 kDa polyethersulfone 
membrane. However the separation effectiveness of the 
hybrid system was mainly contributed to the presence 
of ion-exchange resin, and the membrane separated only 
the saturated resin from the solution. The ion-exchange 
process with MIEX® resin enabled just a few percent 
lower separations. For the ion-exchange–ultrafiltration 
system with A200 resin, the surfactant retention coef-
ficient amounted to 94% after 60 min of the process. In 
the case of processes working independently, surfactant 
removal reached 25% and 90% for UF and IE, respectively. 
The worst surfactant separation from the model solutions 
was achieved by means of the hybrid system with A100 
resin on a level of 47%.
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Fig. 4. Effect of contact time and resin dose on the SDBS ex-
change on anion-exchange resins (surfactant concentration: 
0.25 CMC).
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3.4. Regeneration of waste resin

The current stage of experiments is involved in evalua-
tion of the effective method of surfactant elution from the 
saturated resin matrix. The preliminary tests for MIEX® 
and A100 resin proved that application of 12% NaCl so-
lution (according to Orica Watercare recommendation) 
was highly effective in resin regeneration (96% and 95% 
of elution rate for MIEX and A100, respectively). How-
ever, the elution rate for A200 resin was lower (62%) and 
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Fig. 5. SDBS retention during the ion-exchange–ultrafiltration 
system with UP030 membrane (resin dose: 5 cm3/dm3; surfac-
tant concentration: 0.25 CMC).

therefore the modification of the regeneration procedure 
should be applied.

Based on the results presented it can be stated that 
surfactant elution was mainly influenced by the resin 
type. In the case of macropurous resins, i.e. MIEX® and 
A100, the pores are large enough to allow fast diffusion 
of surfactant monomer exchanged by the regenerating 
agent. However, the diffusion of surfactant monomers 
from the exchange site of gel resin (A200) to the resin 
grain surface was restricted as a result of low porosity of 
the polymer. One may also suspect that that lower elution 
rate achieved for A200 could be connected with stronger 
hydrophobic interaction between the SDBS chains and 
polymer chains. 

The regeneration process allowed for successful reuse 
of macroporous resins in the hybrid process (Fig. 6). The 
results indicate that the multiple resin regeneration has 
no effect on the effectiveness of the SDBS retention. 

4. Conclusions

Surfactant separation during the ultrafiltration process 
was significantly influenced by the membrane cut-off. It 
was stated that the greater the molecular weight cut-off 
of the membranes, the less effective the SDBS separa-
tion from the water solutions. This phenomenon was 
especially pronounced for the concentration below the 
CMC value. For surfactant solutions around and above 
CMC value as a result of micelle formation, the drop in 
surfactant retention with the increase in cut-off value was 
less pronounced.

The ion-exchange experiments indicated that the 
surfactant amount exchanged by the unitary volume of 
resin (1 cm3) rose with increasing of the initial surfactant 
concentration and with decreasing of the resin dose. It 
was also stated that the surfactant amount exchanged by 
the resins increased with time for any initial concentra-
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tion. The results of the experiments confirmed that the 
effectiveness of ion exchange was strongly influenced by 
the resin type. The most effective was MIEX® resin which 
is a strong base macropurous resin with the smallest 
mean size of beads.

The ion-exchange–ultrafiltration system was more 
effective in surfactant removal than the ultrafiltration 
process alone. In the hybrid process because of the 
ion-exchange resin presence, the systematic increase in 
surfactant separation along with the filtration time was 
noticed. From among the hybrid systems tested, the most 
effective was one with MIEX® resin.
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