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ABSTRACT 
 
Textile wastewater is strong colored and contributes immensely to water pollution if not 
appropriately treated. However, it is hard to treat by the conventional biological methods if applied 
singly, hence, the application of a physicochemical technique for the treatment was proposed in this 
study. Clinoptilolite (CPL) was used in combination with persulfate (PS) as an activator, to catalyze 
and improve the persulfate oxidation of raw textile wastewater in the process of decolorization. The 
influence of variation of CPL dosages, initial pH and contact times were investigated when a 
predetermined persulfate dosage of 4/1(g/g) was used. The system investigated was effective in 
reducing the residual color concentration by 96% when the initial pH of 4 was applied over a 420 
minutes contact time and the CPL and PS dosages of 6/1 and 4/1 were used respectively. 
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1. INTRODUCTION  
 
Water pollution is detrimental to health and the 
wellbeing in the environment. Hence, legislations 
are instituted to prevent the occurrence at best, or 
to reduce the incidences. It is therefore very 
important that very decisive steps be taking to 
treat source polluted water, to the required 
standard before an eventual discharge into either 
sewers or surface waters. The commonest 
source of water pollution is the industrial 
wastewaters while the most prominent 
characteristic of any polluted water is the color. 
By and large, the textile industries generate large 
quantities of wastewater as it also uses large 
volumes of water in the various stages of a wet 
process of production [1]. Wastewater from the 
textile manufacturing processes is not unlike 
many industrial wastewaters and therefore 
characteristically colored, even strongly so, due 
to the use of dyes. Dyes are used in the printing 
and finishing of textiles to make colorful and 
attractive. Very often, these dyes are not all fixed 
to the textiles, and the excess remain in the 
wastewaters [2,3], making the latter darkly 
colored and unappealing to the sense of sight. 
 
Although the traditional biological, physical, and 
chemical methods are used in the treatment of 
wastewaters; textile wastewaters are rather 
recalcitrant and non-biodegradable due to the 
complex nature of its chemical constituents which 
makes them difficult to treat by the conventional 
treatment methods, if applied singly, especially 
the more economical biological process, [4,5]. 
Therefore, the treatment of industrial and textile 
wastewater are often based on a combination of 
methods. In this regard, the advanced oxidative 
processes (AOPs) have shown to be highly 
effective either applied singly or in combination 
with other processes [6,7]. They have attracted 
more research interest with a view to improve on 
the treatability of wastewaters and the hope to 
use the method for the complete mineralization 
of recalcitrant pollutants such as dyes to produce 
carbon dioxide (CO2), water, and inorganic 
compounds. Although effective, AOPs may        
be very expensive if applied solely for treatment 
[8-10].  
 
Other combination of methods and techniques 
previously applied in wastewater treatment 
include: Fenton and biological processes [11]; 
integration of ozone biological aerated filters and 
membrane filtration [12]; electrochemical-
electrocoagulation [13]. In particular, techniques 
used in the decolorization of textile wastewater 

includes; photo-Fenton like process [14]; dual-
stage membrane bioreactors (MBR) and reverse 
osmosis (RO) systems [15]; biological followed by 
photo-Fenton oxidation [16]; photo-catalytic [17]; 
electro-coagulation and chemical-coagulation 
[18]. 
 
Besides the advanced oxidative related 
processes that were integrated into biological 
processes amongst others, adsorption and its 
integration with other methods have also shown 
to be successful for the decolorization and 
removal of dyes from textile wastewater. Such 
techniques specified by the materials includes;  
FeOOH-GAC nanocomposites [14]; Fe3+ doped 
TiO

2 
nanotubes [19]; organoclay [20]; milled 

sugar cane bagasse [21]. 
 
Clinoptilolite is the most common, abundant and 
widely used member of the zeolites family whose 
ion exchange behavior varies with the 
environment of formation [22]. Zeolites are a 
family of crystalline hydrated aluminosilicate 
minerals with a porous structure and valuable 
physicochemical properties viz., sorption, 
molecular sieving, catalysis and ion-exchanging. 
Acting either singly or supported, zeolites have 
been previously used in water and wastewater 
treatments for the removal of heavy metals 
[23,24] and ammonia (NH3) [25,26]. 
  
Persulfate is relatively new in in-situ chemical 
oxidation [27,28] and also applied in wastewater 
remediation. The reaction of PS in the 
degradation of organics at the room temperature 
is generally slow  [29,30]; hence various means 
are applied to improve it [31-34]. The study, 
therefore, aims at investigating the feasibility of 
decolorizing real textile wastewater by the novel 
catalyzation of persulfate using clinoptilolite.  
 

2. MATERIALS AND METHODS  
 
2.1 Materials  
 
Raw textile wastewater samples were collected 
straight from the discharge point of a textile 
manufacturing industry in Prai, Malaysia. 5 kg of 
clinoptilolite (CPL) produced by BIO Organic were 
supplied in granules and prepared into 
appropriate particle sizes prior to use. 1 M 
aqueous solution of persulfate was prepared from 
the analytical grade sodium persulfate of 
Hamburg Chemicals, without any further 
purification. Deionized water was used in the 
preparation of aqueous solutions, and double-
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distilled water was used for other cleaning 
processes. 
 

2.2 Batch Experiments 
 
Dosages of both persulfate and clinoptilolite were 
based on a ratio to the initial concentration of 
chemical oxygen demand (COD) of the 
wastewater (i.e. COD/PS and COD/CPL 
respectively), in grams/grams, [35]. The 
wastewater sample volume was kept at 200 mL 
for all experiments. This volume of wastewater 
was put into 500 mL Erlenmeyer flask reactors 
each, and a pre-determined dosage of persulfate 
was added to each reactor, to which clinoptilolite 
had also been added. The batch studies were in 
three categories; determination of the effect of 
dosage; initial pH of reaction and contact time. In 
the first category, the persulfate dose was 
standardized based on previous experiments but 
the dosage of clinoptilolite was varied from 1/1-
10/1, as a ratio of wastewater COD to CPL. The 
experiments were conducted at room 
temperature, without the adjustment of pH 
(unadjusted pH, only for the determination of the 
influence of dosage) and the reaction was 
agitated by the laboratory orbital shaker for 30 
minutes contact time each. The procedure was 
repeated for the second category, which 
considered the effect of initial pH of the reaction 
but dose of clinoptilolite was standardized based 
on the optimum dosage from category one and 
pH was adjusted between 2 and 11. Dosage and 
pH from categories one and two were used in the 
third category, while contact times were varied 
from 30 to 420 minutes. Aliquots were collected 
from each reactor after allowing settling for 30 
minutes, and after that, analyzed for residual 
color concentrations. The raw textile wastewater 
was also analyzed for the initial color 
concentration. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Influence of Dosage 
 
Dosage was determined as a ratio of treatment 
media to the initial concentration of wastewater 
[35,36] i.e. the initial concentration of chemical 
oxygen demand (COD) measured from analysis 
of the raw sample wastewater as 1800 mg/L and 
the initial color concentration was 2870Pt.Co. A 
pre-determined persulfate dosage (4/1) was used 
for all the experiments. The predetermined range 
of 75 µm - 250 µm clinoptilolite particle sizes was 
used for all the experiments. At a contact time of 

30 minutes and unadjusted pH of raw 
wastewater, an increase in color removal with 
increased dosage observed is as shown in Fig. 1, 
until an optimum of 56.8% at 6/1. The addition of 
clinoptilolite was to catalyze the persulfate 
oxidation by the enhanced release of sulfate 
radicals. Fig. 1 also shows a 48.3% removal of 
color by the application of PS only, as against the 
56.8% decolorization when CPL of 6/1(g/g) 
dosage was added. The reaction was enhanced 
until the 6/1 dosage of CPL after which a 
scavenging effect is observed as in the Figure. 
The CPL dosage of 6/1 is thus considered as the 
optimum in this set of experiments. Various 
means have been used to activate persulfate and 
enhance the oxidation of pollutants; a similar 
effect was observed with an increase in 
persulfate dosage when it was activated carbon 
catalyzed [37]. Furthermore, the increase in 
decolorization with the dosage of CPL could be 
attributed to the increase in the available active 
sites with CPL loading and the radical formation 
when PS is activated and catalyzed [38,39]. 
 

3.2 Influence of Initial pH 
 
Solution pH has often shown to be a very 
important factor that affects the rate of reactions 
either positively or negatively. The result of this 
study, in the investigation over a pH range of 2-11 
is shown in Fig. 2. By using an optimum dosage 
of 6/1 for clinoptilolite, combined with 4/1 
persulfate dosage, the pattern of decolorization of 
the wastewater was monitored over the different 
adjustment of pH. Adjustment of initial pH of the 
reaction resulted in a fluctuating amount of 
decolorization of the wastewater, but a significant 
increase was observed at pH 4, which was the 
optimum (79%), followed by 75.5% at pH 6, and 
over the range of pH investigated. The effect of 
pH of reaction medium was shown in the results 
from the use of clinoptilolite as a carrier for 
immobilized biocatalyst systems which had pH 
4.7 as the optimum immobilization medium over 
the pH range investigated [40]. Also, in the 
degradation of phenol using Fe/clinoptilolite as 
heterogeneous Fenton reaction, pH 3.5 was the 
optimum initial pH where the shortest induction 
period was observed [41]. 
 

3.3 Influence of Contact Time 
 
The influence of contact time on the reaction was 
investigated for between 30-420 minutes. In Fig. 
3, decolorization is observed to increase 
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Fig. 1. Influence of dosage, (PS dose: 4/1, Initial colour: 2870Pt.Co, agitation speed: 150rpm, 
contact time: 30minutes, initial pH not adjusted) 

 

 

Fig. 2. Influence of pH, (PS: 4/1, CPL: 6/1, Initial colour: : 2870Pt.Co, agitation  
speed: 150 rpm, contact time: 30 minutes, initial pH: 4) 

 

generally with contact time from 74% at 30 
minutes to 90% at 240 minutes 96% optimal at 
420 minutes. The significant increase in  
decolorization in the first 30 minutes of the 
reaction indicate a rapid reaction taking off with 
most of the color (74%) being removed at the 

contact time. Decolorization thereafter increased 
but at a decreased rate. The initial increased 
decolorization with contact time may be due to 
the oxidation of the dissolved organics in the 
textile wastewater [42]. 
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Fig. 3. Influence of contact time, (PS: 4/1, CPL: 6/1, Initial colour: 2870Pt.Co,  
agitation speed: 150 rpm, pH:4) 

PS: Persulfate; CPL: Clinoptilolite; COD: Chemical oxygen demand; RTWW: Raw textile wastewater 
 

4. CONCLUSIONS 
 
Results from the present study have shown that 
the use of clinoptilolite as a catalyst in persulfate 
oxidation is feasible and positive, to decolorize 
raw textile wastewater. Also, the investigation of 
the influence of operating conditions showed 
optimum clinoptilolite dosage of 6/1 and initial pH 
of 4. Although a higher removal of color (96%) 
was achieved at 420 minutes, the 240 minutes 
contact time with a 90% decolorization is 
considered optimum, due to an increase at a 
decreasing rate of decolorization beyond that 
point. The combination of clinoptilolite and 
persulfate has shown a better performance at 
decolorization of the wastewater than the lone 
application of persulfate, hence the catalyzation 
of the reaction by clinoptilolite. 
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