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Abstract: Many toxic industrial dyes are eventually discharged into the environment, necessitating new
methods for filtration. Natural zeolite (NZ) is a crystalline hydrated aluminosilicate with a porous framework
structure occupied by water,  alkali  and alkaline earth cations. In this study, the sorption of dye wastewater
onto  NZ,  anionic-cationic surfactant-modified zeolite (ACSMZ) and cationic surfactant-modified zeolite
(CSMZ) were investigated for removal of chemical oxygen demand (COD), color, turbidity and ammonia. Varied
doses of absorbent were tested to determine the efficiency of the adsorption process. All three zeolite
compounds demonstrated highly efficient color reduction: 94% for NZ, 94% for ACSMZ and 90% for CSMZ.
Natural zeolite was more efficient at removing COD (71%) and turbidity (84%) than the other compounds, while
CSMZ removed 96% of the ammonia from dye wastewater. In addition, the equilibrium data was analyzed using
Freundlich  and  Langmuir isotherms for COD, turbidity, color and ammonia. The  straight  lines  obtained for
the Langmuir and Freundlich models fit well with the experimental equilibrium data, but the Freundlich model
gave slightly better fit than the Langmuir model as evidence by the highest value of 1/n that relate to the
weakness of the adsorption bond. Zeta potentials of treated zeolite compounds were -29.6 for NZ, -37.9 for
ACSMZ and -37.2 for CSMZ which show increasing of the value zeta potential due to the adsorption process
occurred.
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INTRODUCTION matter, dyes and alkaline substances that all cause serious

A plethora of synthetic dyes are used in the textile, carried out to treat the industrial wastewater and landfill
paper, rubber, plastic, cosmetic, pharmaceutical and food leachate wastewater using the combination of the
industries [1] and the discharge of dye wastewater is of conventional treatment together with more advanced
potential environmental concern. Both the removal of treatment such as membrane filtration, solar
contaminants and the recycling of water are of obvious photocatalytic and reverse osmosis [5, 6]. Indeed, textile
ecological benefit. Rapid population growth and dyeing processes are among the most environmentally
technological and industrial expansion have negatively unfriendly of industrial processes because they produce
impacted the environment, particularly in emerging colored wastewater that is heavily polluted with dyes,
economies in Asia [2]. The textile industry is flourishing, textile auxiliaries and assorted organic solvents [7].
accompanied by large volumes of highly contaminated Therefore, dye bath effluent requires treatment prior to
wastewater containing detergents, oils, suspended and discharge into the environment or municipal treatment
dissolved solids, biodegradable and non-biodegradable plants.

environmental problems [3, 4]. Various studies have been
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Chemical adsorption has become a popular method MATERIALS AND METHODS
for   removal   of   contaminants from  dye   wastewater.
In addition to removal of dyes and other contaminants,
adsorption-based technologies are widely applicable for
general water filtration to improve water quality.
Furthermore, adsorption processes can also reduce
chemical oxygen demand (COD) and ammonia.
Conventional adsorption processes utilize activated
carbon to remove color and heavy metal pollutants from
wastewater. Commercially available activated carbon is
becoming too expensive, however, for many industries.
Other methods for the removal of specific waste
constituents (geared toward more specific industrial
applications) are being examined in laboratory-scale
studies. Therefore,  most  of   batch  laboratory
adsorption was studied by the researchers and
subsequently provides useful information on the
application of the removal of specific waste constituents
[8-10].

On one hand, the adsorption process provides an
attractive alternative for the decolourization of dye
wastewater  and  low-cost  and readily available
adsorbents  have  been  used  for various applications.
The aluminosilicates, such as clays, zeolites, bentonite
and  montmorillonite,   are  the  most   commonly  used
low-cost adsorbents for environmental applications [10].
Zeolites have negative charges from the isomorphous
substitution of Al  for Si   and these negative charges+3 +4

are neutralized by exchangeable cations. The cation
exchange properties of natural zeolite (NZ) have been
used for various environmental purposes, such as
ammonium removal and heavy metal treatment [12].
Surfactant modified NZ, modified with the cationic
surfactant  hexadecyltrimethylammonium   bromide
(termed a surfactant-modified zeolite, or SMZ), has been
used for removing dyes from textile dyeing wastewater
under laboratory conditions [9, 13, 14]. Taffarel and Rubio
have been conducted the performance of cationic
surfactant modified zeolite using cetyl
trymethylammonium bromide for removing anionic
surfactant. It can be also demonstrated for anionic-
cationic SMZ to remove acid and basic dyes in dyes
wastewater [15].

In this  study,  sorption  process  was used for
treating of dye wastewater. NZ, ACSMZ and CSMZ were
used as the adsorbents. This study tested these
compounds against wastewater from one textile mill in
Penang, Malaysia for  the  removal  of COD, ammonia,
color and turbidity.

Characteristics of Raw Dye Wastewater: The raw dye
wastewater from Penfabric was analysed using standard
techniques to determine  percent turbidity, COD, ammonia
content and colour before and after the absorption
process using NZ, ACSMZ and CSMZ. The results of raw
dye waste  water  before  the  treatment  are shown in
Table 1.

Natural Zeolite: The NZ used in this study was obtained
from Indonesia. The zeolite was sieved before it was
immersed in 1 M aqueous NaCl for 24 hours. In order to
remove dust and impurities, the zeolite was rinsed in
distilled water several times. Then the zeolite was placed
into an oven at 105° C for 24 hours and subsequently
dried in a desiccator for 2 hours [16]. Table 2 shows the
characteristics of the zeolite used.

Surface Modification: Surfactant-modified zeolite (SMZ)
for environmental remediation has been studied
extensively. Due to the permanent negative charges on
their surfaces, SMZs are often modified with cationic
surfactants to increase the fractional organic carbon
content in order to enhance the sorption of non-polar
hydrophobic organic contaminants [17]. For compounds
with this surface modification, a mechanism for azo dye
removal has been proposed. This is presented in the
schematic illustration of the interaction of dye anions with
quaternary amine on the zeolite surface. It is plausible that
bilayer formation  favours the  interaction of  anionic dye

Table 1: Characteristics of Penfabric raw dye waste water
Parameter Raw Sample
pH 10.94
COD (mg/L) 580
Color (PtCo) 3380
Turbidity (NTU) 45
Ammonia Nitrogen (mg/L NH ) 3.93

Iron (mg/L Fe ) 8.132+

Suspended solid (mg/L) 0.0076

Table 2: Characteristics of the zeolite used
Components Percentages (%)
SiO 62.752

Al O 13.632 3

Fe O 2.122 3

CaO 3.42
MgO 0.87
Na O 1.322

K O 1.392

MnO 0.05
TiO 0.352

P O 0.042 5

H O 0.382
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Fig 1: Chemical Structure of Miranol C2MSF Surface (A) obtained by looking at the amount of COD, turbidity,
and Uniquat Qac- 50 Cationic Surface (b) colour and ammonia reduction/removal. From the jar test

groups  with  hexadecyltrimethylammonium bromide [18]. dose of zeolite for colour and ammonia removal was 500
Just as dye anions interact with the zeolite surface, the g/L, achieving 94% colour and 48% ammonia reduction.
dye cations will also interact with anionic surfactants. While the optimum dose of zeolite for the reduction of
Absorbents with both negative and positive surfactants COD (71%) and turbidity (84%) was 400 g/L. Removal of
could be highly efficient in the removal of acid and base all contaminants increased with higher NZ doses as a
dyes from dye wastewater. larger adsorbent mass presents a greater available surface

For these experiments, the surface of NZ was covered area [5]. Absorption tended to decrease at doses above
with anionic and cationic charges using the Miranol the optimum, possibly because the surface area did not
C2MSF surfactant (C20H37N2O5.HO.2Na, MW = 835.3) increase further under the test conditions and
and cationic Uniquat QAC-50 surfactant (quaternary contaminants could not diffuse into the interior surfaces
ammonium chloride, MW=357). Solutions of Miranol [3].
C2MSF (78 mL/L) and Uniquat QAC-50 (5.6 mL/L) were
prepared with distilled  water  [12] that equal to 0.02 M.
Fig. 1 shows the chemical structure of Miranol C2MSF
and Uniquat QAC-50. Prior to use, 100 g of NZ was
ground and sieved to 0.063 mm and mixed with the
Miranol C2MSF solution. The mixture was stirred at room
temperature for 4 hours at 300 rpm [9]. The zeolite was
separated from the mixture by filtration, washed with
distilled   water   and   dried   at   105°C   for   15  hours.
The procedure was repeated using Uniquat QAC-50
solution.  These  zeolites  were  designated as ACSMZ
and CSMZ.

Adsorption Studies: A conventional jar test apparatus
was used to studying sorption of dye wastewater by NZ, Fig 2: % Reduction of Turbidity, Ammonia, Cod and
ACSMZ and CSMZ. Batch tests were performed in six Colour at Varies Dosage of NZ

beakers with six-spindle steel paddles. The samples of
wastewater   were  adjusted to pH  7  from  the initial pH
9-10.95 by adding either strong acid (H SO  ) or strong2 4

base (NaOH). Each jar was filled with 500 mL of sample
dye wastewater. Different dosages of adsorbents were
added to jars and the jars were agitated rapidly at 80 rpm
for  1  minute  or  slowly  at   30   rpm  for  15  minutes.
After agitation  was stopped, the suspension was
allowed to settle for 24 hours. Finally, a sample was
withdrawn using a pipette from the top inch of
supernatant for measurement of COD, turbidity, colour
and ammonia using a DR 2500 HACH Spectrophotometer
and Nephelometer.

RESULTS AND DISCUSSION

Natural Zeolite (NZ)
Effect of NZ Dosage: Dosage was one of the most
important  parameters  determining optimum adsorption
by zeolite. The optimum adsorption by zeolite can be

experiment (Fig 2), it was determined that the optimum
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Table 3: Freundlich and Langmuir adsorption models for COD, Turbidity and Ammonia with NZ
Models Parameters COD Turbidity Colour Ammonia
Freundlich Isotherms R 0.0078 0.5952 0.6703 0.0062

K 2.2491 0.0928 -1.8007 0.4888f

1/n 2.8785 0.5905 0.4224 1.3144
Langmuir Isotherms R 0.356 0.2266 0.3091 0.10512

(g/L) -72 5.56 15.15 -1.04L

b (mg/g) -12.55 -21.91 -660 -1.49L

Fig 3: Effect of Contact Time on Adsorption by NZ, Fig 4: % Reduction of Turbidity, Ammonia, Cod and
ACSMZ and CSMZ, for Cod Removal Colour at Varies Dosage of ACSMZ

Sorption  Isotherms:  The  equilibrium data  were substances are easily replaced in  the empty sites [19].
analyzed using the Freundlich and Langmuir isotherms for The decrease in adsorption thereafter may be due to the
COD, turbidity,  colour   and   ammonia  as  shown in weakening of adsorptive forces between the active sites
Table 3. The straight lines  obtained  for the Langmuir of the adsorbent and adsorbate species and also between
and Freundlich models fit the experimental equilibrium the adjacent molecules of the adsorbed phase [20]. It can
data well, but the Freundlich model was a slightly better be concluded that both longer and shorter contact times
fit than the Langmuir model that can explain using resulted in the poor  performance  of zeolite for binding
Freundlich constant, K  and a function of strength of and bridging.f

absorbent, 1/n.  The  higher  value  of  1/n suggest that
the adsorption bond is weak. From the results of 1/n Anionic-Cationic Surfactant-ModifiedZeolite (ACSMZ)
indicate that colour has the highest adsorption bond Effect of Anionic-Cationic Surfactant-Modified Zeolite
among others. (ACSMZ) Dosages: The modified zeolite ACSMZ was

Effect of Contact Time on Adsorption of COD: The effect optimum adsorbent dosage. As shown in Fig. 4, the
of contact time was analyzed at the optimum dosage of optimum dosage of ACSMZ  based on the highest
400 g/L with 2 hours of settling time. The contact times removal of COD, turbidity and ammonia was 60 g/L which
tested ranged from 10 minutes to 120 minutes. Fig. 3 are 49%, 51% and 96% respectively. While for the
shows the effect of contact time toward COD reduction optimum dosage for colour reduction (94%) was attained
using NZ, ACSMZ and CSMZ. The adsorption capacity at g/L ACSMZ. Increased adsorbent dosage resulted in
increased with additional contact time and the optimum greater removal due to the increase in adsorbent surface
contact time under these conditions was 100 minutes area [21], but began to decrease at higher than optimum
(NZ),  70  minutes  (ACSMZ)  and 90 minutes (CSMZ). doses because there were no sites available on the
This resulted in a 52% COD reduction by using NZ, 41% particle surface for the formation of antiparticle bridges
COD reduction by using ACSMZ and 66% COD reduction due to the positive and negative charged repulsion.
by using CSMZ. It can be observed from the figure that
the adsorption capacity increased with time and slowly Cationic Surfactant-Modified Zeolite (CSMZ)
reached saturation after the optimum time. After the Effect of Cationic Surfactant-Modified Zeolite (CSMZ)
optimum time the trend tends to decrease slowly because Dosage: The effect of different dosages of CSMZ on dye
all  the    adsorption    sites    are    empty   and   absorber wastewater treatment was also analyzed (Fig 5). The result

also tested using the jar method  to determine the
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Table 4: Zeta potential before and after the treatment with NZ, ACMZ and CSMZ
Material Zeta Potential (mV)
Deionized water (Control) -2.07 +13.4
Dye wastewater sample -44.2 + 14.0
Treated wastewater with NZ -29.6 + 9.16
Treated wastewater with ACSMZ -37.9 + 9.56
Treated wastewater with CSMZ -37.2 + 8.27

Table 5: Summary of the results for % reduction of NZ, ACSMZ and CSMZ
% Reduction
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Absorbant COD Turbidity Color Ammonia
NZ 71 84 94 48
ACSMZ 49 51 94 96
CSMZ 54 79 90 68

Fig 5: % Reduction of Turbidity,  Ammonia, Cod and The CSMZ was slightly less efficient than NZ, while
Colour at Varies Dosage of CSMZ ACSMZ was less efficient at reducing COD and turbidity

shows the optimum dosage of 120 g/L, will resulted in the higher than that of CSMZ or ACSMZ (120 mg/L and 60
highest removal of COD (54%), colour (90%), turbidity mg/L, respectively.) All absorbents exhibited dose-
(79%) and ammonia (68%). These figures also show that dependent increases in contaminant removal as shown in
higher dosages of CSMZ led to better adsorption Fig. 2, Fig. 4 and Fig. 5, due to the larger surface area of
performance  because  the structural cations on zeolite the adsorbent with increasing mass [24]. On the other
may exchange with cations from the solutions and thus hand, the improved efficiency of removal (absorption per
improve  the  adsorption  capacity for  cationic  dyes, compound weight) could be explained by the surfactant
while for anionics in dye wastewater, the adsorption is modification and the composition of acid and basic dyes
only through porous zeolite without any ion-exchange in the dyes wastewater. The modification of surfactant
effect [22]. provides a complex exchangeable adsorbed after the

Zeta Potential Measurement for NZ and SMZ: The zeta the positive   and   negative  charged  organic  agent.
potential  refers  to  the electrostatic potential generated This principle will contribute to the charge reversal and
by the accumulation of ions at the surface of a colloidal improve   the   electrostatic   adsorption  mechanism  for
particle. Table 4 shows that the raw dye wastewater the formation of flocs [20].
sample had a high negative charge at -44.2 ± 14.0 mV
compared to the treated samples where the negative
charge was reduced to between -29.6 ± 9.16 and -37.9 ± CONCLUSIONS
9.56 (mean ± SD) depending on absorbent and dosage.
The surface modification of NZ to  CSMZ and ACSMZ Natural zeolite and surfactant-modified zeolite
result in the change of particle zeta potential from efficiently removed contaminants from dye wastewater;
negative to be more positive charge [13]. The decrease in removal was dependent  on both dosage and contact time.

negative charge occurred due to the charge being reduced
or eliminated. Under these conditions no repulsive forces
exist and gentle agitation in a flocculation basin causes
numerous successful colloid collisions that form into
visible  floc  particles  that  settle rapidly and filter easily.
In practical terms, zeta potentials above ± 30 mV indicate
high surface charge stabilization [23].

Comparison among the NZ, ACSMZ and CSMZ as
adsorbents: Table 5 shows that NZ had the highest
removal efficiency for all contaminants except ammonia.

than NZ. The optimal dose of NZ (400 mg/L) was far

neutralization  of  the  zeolite  due  to  the  exchange  of
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In this study, the removal of colour or dye by NZ and 5. Mohammad A. Wahab, Nidal Hilal and Lim Ying Pei,
ACSMZ was found to be highly efficient (94%) and 2004. Treatment of Landfill Leachate Wastewater by
slightly better than CSMZ (90% reduction). NZ and Nanofiltration Membrane. International Journal of
ACSMZ were also highly efficient at removing COD and Green Energy, 1: 251-263.
turbidity, with both reducing COD by 84% and turbidity 6. Kabra     Kavita,      Rubina       Chaudhary      and
by 71%. The study also demonstrated that CSMZ was R.L. Sawhney, 2009. Application of Solar
capable of removing 96% of ammonia from dye Photocatalytic Treatment to Industrial Wastewater
wastewater. Moreover, the equilibrium data were well from  a  Chrome Plating  Unit.  International Journal
modelled by both the Freundlich and Langmuir isotherms, of Green Energy, 6: 83-91.
but the data fit slightly better under the Freundlich model 7. Khai Ern Lee, Norhashimah Morad*, Tjoon Tow
which explain that colour has the highest adsorption bond Teng and Beng Teik Poh, 2012. Preparation,
among others. These adsorption process were found to Characterization and Application of Mg(OH)2-PAM
be an effective method for  reducing COD, turbidity, Inorganic-Organic Composite Polymer in Removing
colour  and  ammonia  in the dye  wastewater  samples. Reactive Dye. Iranica Journal of Energy &
The modification of NZ markedly improve the adsorption Environment 3 (Special Issue on Environmental
for colour, turbidity, Ammonia and COD removal. The zeta Technology): 37-42.
potentials for the treated samples were -29.6 for NZ, -37.9 8. Metes, A., D. Kovacevic, D. Vujevic and S. Papic,
for ACSMZ and -37.2 for CSMZ that explain about the 2004. The  role  of  zeolites  in  wastewater treatment
interaction of dye waste water to zeolite and modified of printing inks. Water Research, 38: 3373-3381.
zeolite. 9. Syafalni,   S.,   Ismail   Abustan,    Irvan   Dahlan,
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