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Removal of detergents by zeolites and membranes
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The adsorption of sulfonic and phenolic substances in detergents by natural zeolites from Turkish and
Romanian deposits was investigated. The zeolites were characterized by IR spectroscopy and surface measurements.
The effects of contact time and pH on the adsorption process were investigated. It was established that the specific
surface area is the determining factor which influences mostly on the adsorption of detergents. The removal of
detergents was also investigated by applying different membranes. They have demonstrated higher adsorption capacity

values than zeolites.
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INTRODUCTION

The production of different washing materials
has been always accompanied by regular
accumulation of substantial quantities of detergents
in waste waters. Currently used detergents
generally consist of surfactants, bleaching agents,
additives for secondary benefits, enzymes, etc. The
effective removal of these hardly degradable
pollutants from waste waters is a global problem of
great importance. Many research efforts on the
improvement of the adsorption process and
adsorbent materials for removal of organic
pollutants from waste water streams have been
developed in the last years. Activated carbon is the
most used adsorbent; however its regeneration is
difficult and expensive. Recently many researchers
are investigating new, efficient and regenerable
adsorbents, such as inorganic materials, e.g.
zeolites and clay materials [1-8]. An important
benefit of zeolites is that they are stable and
inclined to regeneration. Since the thermodynamics
and kinetics of gas-phase adsorption of organic
molecules by zeolites have been thoroughly
investigated, the studies of adsorption of organic
molecules by zeolites from aqueous solutions are
relatively rare [7]. The adsorption from aqueous
solution depends not only on the zeolite pore
structure, but also on the competition between the
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organic molecules and water molecules for the
zeolite adsorption sites.

Advances in nano-scale science and engineering
are providing unprecedented opportunities to
develop low-cost and environmentally acceptable
water purification processes. Besides, the
adsorptive  materials, membranes, membrane
separation techniques are also promising as an
effective alternative for water purification from
various pollutants. The fundamental understanding
of membrane performance is important for the
suitable selection and application in industrial
systems. There are many studies on the removal of
organic substances from diluted solutions using
membranes [9-14], but reports on separation of
toxic detergents by membranes are rare in the
literature. This paper gives a brief overview of the
use of membranes in the purification of water,
contaminated by toxic detergents.

This work aims to investigate the influence of
structural and surface properties of zeolites and
membranes on detergent removal (sulfonic and
phenolic substances) in aqueous solution. This is a
part of our efforts to develop an average scale
module for purification of small factories waste
waters from different pollutants, on the base of
multi-layered filter containing natural zeolites and
polymer membranes.
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EXPERIMENTAL
Characterization of the initial materials

In this study three zeolite samples and two
membrane samples were investigated towards
adsorption of sulfonic and phenolic substances. The
first zeolite sample is from Romania (location:
Marsid, Bocsa-Borla) and the other two zeolite
samples are from Turkey (location: Bigadic and
Gordes).

The membrane samples are prepared as follows:

Membrane M1 - from polymer mixture of 80 %
Cl (prepared from monomer mixture of 90 %
acrylonitrile (AN) and 10 % vinyl acetate (AcV)
and 20 % polyvinyl alcohol (APV) , with
coagulation bath composition of 70 % iso-propanol
(IzOH) and 30% water.

Membrane M2 — polymer mixture of 80 % C2
(prepared from a monomer mixture of 80 % AN,
20% AcV) and 20 % APV.

Analytical methods for characterization of zeolites

The following methods were applied and
equipment’s were used for characterization of the
zeolites:

- X-oray diffractometer BRUKER D8
ADVANCE, equipped with DIFFRA Cplus
Commender XRD (Bruker AXS), and using Bragg-
Brentano diffraction method, with coupling ®-0 in
vertical configuration.

- Surface measurements were performed by
porosimeter ASAP 2020 (Micromeritics).

- The samples were also analyzed by FTIR
spectroscopy,  using  Bruker IFS 113V
spectrophotometer, with resolution of 1 cm. The
samples were mixed with potassium bromide and
the mixture was pressed into pellets to be used in
the analysis.

Adsorption from aqueous solutions

Adsorption experiments were carried out by
using a zeolite sample Marsid with two fractions:
<0.09 mm and 0.10-0.14 mm.

The adsorption capacity of the adsorbents for
sulfonates and phenolic compounds were
investigated by using Bulgarian commercial
dishwashing liquid (pH 6.7). Adsorption
experiments were conducted using aqueous
solutions, containing different volumes of liquid
detergent. Portions of adsorbents with amount of
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0.1 g were used in the adsorption measurements.
They were added to portions of the liquid detergent
with volume of 5-30 mL and water was added in
order to obtain final volume of 50 mL for each
solution. Then the solutions were shaken for 5 min
to 2 h. The amount of the sulfonates and phenolic
compound were determined at wavelengths 220 and
269 cm! respectively, using UV spectrophotometer
Pharo 300 [15, 16].

The factors affecting the sorption of the
investigated detergents from aqueous solution, such
as contact time, particle size distribution and effect
of pH were studied.

The effect of pH of the solution on the
equilibrium adsorption of sulfonate and phenolic
compounds is investigated by using 0.1 g adsorbent
and 50 mL solution (containing 20 mL liquid
detergent) at 1 h contact time. The initial pH values
of the solutions were adjusted with either HCI or
NaOH.

RESULTS AND DISCUSSION.
Characterization of the natural zeolite samples

The results from XRD analysis (Fig.1) show that
all the studied natural zeolites dominantly contain
clinoptilolite.

Table 1 was prepared on the base of XRD
results, which demonstrates the content of different
minerals in the zeolite samples.

From XRD and atomic spectrophotometry
results, the structural chemical phase composition
of the samples were established and data are
presented in Table 2.

The data in Table 2 show that the Turkish
zeolites contain slightly higher amount of ALLO; in
comparison with zeolite sample Marsid. All the
samples have high amount (>60%) of silicon
dioxide, whereas Gordes zeolite has the highest.
The content of aluminium oxide in all samples is in
between 12-13 %. There are higher amounts of
alkaline oxides in Bigadic and Gordes zeolites than
Marsid zeolite. At the same time, the Bigadic
zeolite contain more CaO and Fe,Os; than Marsid
zeolite (contains half of the amount of Fe,Os
contained in Bigadic zeolite), and their content in
Gordes zeolite (contains one-third of the amount of
Fe;O; contained in Bigadic zeolite) is the lowest.

Surface characterization results of Marsid,
Bigadic and Gordes zeolites are presented in
Table 3.
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Fig 1. XRD patterns of Marsid, Gordes and Bigadic clinoptilolites

The data from Table 3 shows that the Marsid
clinoptilolite has higher surface area and lower pore
volume and pore radius than the other zeolites, as
the average pore radius is lowest for the zeolite
Marsid. Chemical character of the surface of
Gordes and Marsid zeolies is probably due to the
higher content of alkaline oxides.

The IR spectra of the zeolite Marsid is shown in
Fig. 2. The bands are assigned to different vibration
modes of the zeolite matrix were presented in Table
4 [17-19]. IR spectra (not shown) of Bigadic and
Gordes zeolites are similar. IR results confirm that
the investigated natural zeolites mainly contain the
mineral clinoptilolite.
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Fig. 2. IR spectra of clinoptilolite.

Table 1. Content of different minerals in zeolite samples

Table 4. IR bands of clinoptilolite .

Bigadic Gordes Marsid
Clinoptilolite content, % [ ] 95 >96  75-80
Plagioclase + - +
Cristobalite + - +
Quartz + + +
Biotite + + -
Clays + - -

Table 2. Chemical composition of the clinoptilolite
samples, (wt. %).

Hydroxy groups of basic 4000-3000 cm-!

nature
CO; (in the air) 2300 cm’!
HO (air+ads.) 1637 cm!
Si—O asymmetric stretching 1204 cm’!
Si-O-Al asymmetrical 1062 cm’!
stretching
0O-Si—O symmetric stretching 791 cm'!
symmetric stretching of free 727 cm’!
SiO4
symmetric stretching of free 667 cm’!
SiO4
0-Si-O bending 608 cm™!
“‘pore opening’’ vibration of 525 cm’!
free SiO4
Si-O bending 468 cm’!

Bigadic  Gordes Marsid
SiO; 64.00 71.98 66.21
AbLO3 13.56 12.56 12.37
NaO 0.45 0.96 0.39
K20 3.61 4.28 243
CaO 3.61 1.99 2.44
Fe>0s 1.35 0.45 0.74
MgO - 0.42 0.86
HO 5.67 7.40 6.82
Si0,/A1,03 4.72 6.32 5.35
Table 3. Surface characteristics of zeolites.
Specific Pore Average
Clinoptilolite Area, Volume Pore =~ pH
m?/g cm’/g  Diameter A
Marsid 43.4 0.061 56.36 4.8
Gordes 30 0.165 42.12 7.5
Bigadic 28 0.075 111.2 7.3

Adsorption experiments for the zeolite samples

The results of the adsorption of detergents from
aqueous solutions, containing different volumes of
liquid detergent, 5, 10, 15, 20 and 30 mL (for each
solution water was added in order to obtain final
volume of 50 mL), are shown in Fig. 3, Fig. 4 and
Fig. 5 for Marsid, Gordes and Bigadic zeolites,
respectively. All the isotherms are type L of Giles
classification, indicating that adsorption proceeds
by the formation of a monolayer in the range of
concentrations used [20].
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The experimental data were fit to the Langmuir
equation in linear form [21]:

Ce/Qe = 1/Qob+ Co/Q, (1)

where C. is the equilibrium pollutant concentration
remaining in solution after adsorption (mg L™"), Q.
is the amount of pollutant adsorbed on the
adsorbent (mg g'), Q, is the maximum amount of
the pollutant per unit weight of adsorbent (mg g™'),
and b is a constant related to the affinity of
adsorption sites (L mg'). The shape of the
isotherms shows that the process of adsorption of
detergents can be described by Langmuir theory,
which states that adsorption proceeds via a
monolayer formation.

Results (Fig. 3, Fig.4 and Fig. 5) show that
Marsid zeolite with granulometric composition of <
0.09 mm has the highest adsorption capacity. The
samples with alkaline character of the surface -
Bigadic and Gordes zeolites - show lower
adsorption capacity towards both sulfonic and
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Fig. 3. Adsorption of detergents on Marsid zeolite: 1-
sulfonic compounds, 2-phenolic compounds.

phenolic compounds (Fig. 4 and Fig. 5). These
results indicate that the determining factors for their
adsorption properties are the surface area and the
pore size distribution of the samples, as well as the
different chemical composition and chemical
character of the surface.

Fig 6 shows the adsorption of sulfonic and
phenolic compounds on the zeolite Marsid sample
with particle size 0.10-0.14 mm. The enhancement
of the particle size decreases the specific surface
area, which causes reduction of the number of the
active sites.

Comparing Fig 3 and Fig. 6 allows to
understand the effect of the granulometric
composition of the zeolites on the adsorption of

both detergents (all =zeolites show similar
dependence).
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Fig. 4. Adsorption of detergents on Gordes zeolite: 1 -
sulfonic compounds, 2 - phenolic compounds.
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Fig. 5. Adsorption of detergents on Bigadic zeolite: 1 -
sulfonic compounds, 2 - phenolic compounds.
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Fig. 6. Adsorption of detergents on Marsid zeolite
samples with particle size 0.10-0.14 mm.

The increase of the size of the particles leads to
decrease of the adsorption activity. Figure 7 shows
the effect of the contact time on the removal of
sulfonic compounds by Marsid zeolite. Data
indicate that the removal of sulfonates increases
with time and attains equilibrium in 30 minutes for
all initial concentrations of the sulfonate solutions.

Sulfonate adsorption increases sharply for a
short time and slows gradually when equilibrium is
approaching. This behavior can be attributed to the
decrease in the number of available sites on the
zeolite surface during the process. The plot shows
that the amount of sulfonate compounds adsorbed
on the adsorbents (mg/g) vary in smooth and
continuous curves, leading to saturation, which
indicates the possibility for formation of monolayer
coverage of sulfonates on the surface of the
adsorbent. The kinetic curves (not shown) of the
removal of sulfonates versus contact time for other
zeolite samples show the same dependence.
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Fig. 7. Effect of contact time on adsorption at different
concentrations of sulfonic compounds on zeolite Marsid.

Effect of pH on adsorption on zeolites

The pH of the aqueous solution has strong
effects on the adsorption of different substances on
the zeolite surface. pH is one of the key factor that
control the adsorption in such processes, since it
influences the electrostatic interactions between the
adsorbent and the adsorbate.

The adsorption depends on the nature of the
surface of the adsorbent and of the substances in the
water solution. It was established that the Marsid
zeolite has the lower pH value than other zeolites.
Fig. 8 and Fig. 9 shows the effect of pH values on
the adsorption of detergents on Gordes and Marsid
zeolites. The target pH value was obtained by
adding adequate amounts of NaOH or HCI diluted
solutions to the initial non-buffered solution,
containing sulfonic and phenolic compounds. The
uptake of both compounds was found to be
maximal at pH 6, independently with the fact that
they have different pH values at initial conditions.
As expected, these results confirm that both
compounds are preferentially adsorbed from their
neutral solutions. For both pollutants the amount
adsorbed appeared to be much altered at neutral pH.

As the pH increases, the surface of zeolites is
being negatively charged until solution pH > pHpzc,
where the amount of negative charges becomes
predominant in the zeolite surface. At this point, the
fall in the uptake is probably due to the repulsive
interactions, that appear between the anionic form
of the adsorbates and the charges on the
clinoptilolite surface. Other reason could be the
competitive adsorption between sulfonate/phenolic
and chlorine ions (probably present as impurities),
which hinders detergent uptake.
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Adsorption of detergents using membranes

Two types of membranes with different
chemical composition are used in the experiments.
The results are presented in Fig. 10 and Fig. 11.
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Fig. 10. Dependence of productivity of purification of
detergents (1 - sulfonic; 2 -phenolic compounds) on
membrane M1, at different amount of detergents in 50
mL solution.
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As can be seen from Figure 10 and Figure 11,
the removal of detergents from water increases
sharply in the case of membrane M2 by attaining
the highest value of 82 %, whereas the removal is
52 % for the membrane M1.

The differences in chemical composition of the
acrylic copolymers affect the structure of the
resulting membranes.

As can be seen from Fig.12, the membrane M1
is more compact (dense), with smaller pores,
compared to the membrane M2, which is less
compact, with more and larger pores.
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Fig. 11. Dependence of productivity of purification of

detergents (1 — sulfonic; 2 -phenolic compounds) on
membrane M2, at different amount of detergents in 50
mL solution.
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W3cnenBana Oe axcopOrusara Ha cyndoHaTH W (EHOJATH, ChABPXKALIM CE B JETEPreHTH, C MOMOINTa Ha
npupoHK 3eoauTH oT Typuns u PympHus. 3eonutute Osixa oxapakTepusupanu nocpencrsoM WY crekrpockonus u
n3y4yaBaHe Ha ITOBBPXHOCTHHUTE CBOWCTBA. V3ciienBaHo Oe BIMSIHMETO HA BPEMETO Ha KOHTAaKT U Ha pH BBpXy mporneca
Ha azcopOuus. YcraHoBeHo Oe, ue crienm@puyuHAaTa IMOBBPXHOCT € Oompenelisiy (akTop, KOHTO BiHse B Hal-roisMa
CTEIIeH BbpXY ajacopOnusaTa Ha AeTepreHTuTe. be u3cieaBano ¥ N3BINYAHETO HA JETEPIeHTH C ITOMOIITA HA Pa3InYHU
MeMOpaHH, KOUTO TI0Ka3axa M0-BUCOK aJCOPOIIMOHEH Kalal[UTeT B CPAaBHEHUE C U3CIIEBAaHUTE 3COIUTH.
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