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Abstract 

 Presence of dyes in the aquatic systems has become a critical environmental 

problem. Concerning the economical point of view, the use of low-cost and eco-

friendly adsorbents has been investigated as an ideal alternative to the current expensive 

methods of removing textile dyes from wastewater. This study explores the feasibility 

of using date pits (DP), an agricultural waste as an adsorbent, for removal of malachite 

green dye (MG) from aqueous solution.  

 

Batch adsorption experiments were carried out for the adsorption of the dye 

molecule from aqueous solution onto the DP at constant room temperature 25
o
C and 

agitation speed 240 rpm. Variation effect of different parameters like solution pH, 

adsorbent dose, contact time, temperature and the initial concentration of the dye were 

studied. UV/Vis spectrophotometer technique was used for the measurement of 

concentration of dye before and after adsorption. 

 

Experimental results revealed that optimal adsorption took place at an acidic 

solution pH. The effective solution pH, adsorbent dose and contact time on the dye 

removal efficiency were found to be 5, 0.1 g of date pits/ 50 ml of dye solution and 30 

min, respectively for the adsorption studies. Fitting equilibrium data to Langmuir, 

Freundlich and Temkin isotherms showed that Freundlich model is an appropriate 

model to explain the adsorption isotherm. Adsorption kinetics were determined using 

pseudo first order and pseudo second order models and it was found that the adsorption 

process follows pseudo second order model. The thermodynamic calculations indicated 

the exothermic and spontaneous character of adsorption of MG dye on DP.  

 

The characterization of the DP before and after adsorption was accomplished by 

FTIR, SEM, BET and EDX measurements. The FTIR results showed various functional 

groups, i.e., hydroxyl and carboxyl, which were identified as potential adsorption sites 

responsible for binding malachite green to adsorbent. SEM analysis showed the active 

sites available for adsorption on the adsorbent surface. The specific surface area of DP 

was determined as 1.1324 m
2
/g, obtained by the BET nitrogen gas adsorption 

measurements. EDX spectroscopy used for demonstrated that the surfaces of the 

sorbents contain various elements. A single stage batch adsorber was designed for 

adsorption of MG dye by DP based on the optimum isotherm. Generally the results 

indicate that DP may be used as a low cost adsorbent, alternative for treatment of 

effluents containing malachite green dye in water. 
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Chapter 1: Introduction 

 Industrial effluents are one of the main causes of environmental pollution because 

the effluents discharged from dyeing industries are highly colored, having a large 

amount of suspended organic solids [1]. Synthetic dyes are widely used in various 

industries, such as leather, paper, plastic, printing, textile and cosmetics, and their 

colored products. This dyes directed discharge to the nearest water sources such as 

lakes, rivers and seas. Most commercial dyes are chemically stable and are so difficult 

to remove from wastewater [2]. Wastewater-containing dye discharged into water 

bodies causes deterioration in water quality and may also have a significant impact on 

human health because of carcinogenic, toxic, and mutagenic effects of some dyes or 

their metabolites [3].  

 

Although many adsorbents have been reported for removing some common dyes  

[4 -15], such as methyl orange, methylene blue (MB), malachite green (MG) and 

rhodamine B, it is still a challenge to search for adsorbents that are more effective, 

because the water-treatment industry requires highly effective, eco-friendly and low-

cost adsorbents that are available in tonnage quantities. Malachite green (MG) is an 

organic compound that is classified as a basic dye used in the dyestuff industry and has 

been used traditionally as a dye for materials such as leather, silk and paper as well as 

in distilleries [16]. In addition, MG is also used as a fungicide, antiseptic and 

antibacterial in the aquaculture industry to control fish parasites and disease [17]. The 

products formed after the degradation of MG are unsafe having carcinogenic potential 

[18]. However, this dye has emerged as a controversial antimicrobial and has been 

banned for aquaculture use because it is highly cytotoxic to mammalian cells and acts 

as a tumor-enhancing substance, thereby posing significant risk to human health but 

also is a major cause of creating tumor in liver [19]. Therefore, the removal of 

malachite green from wastewater before discharge into receiving waters is very 

important to prevent environmental pollution in aquatic ecosystems.  

 

Various physical, chemical and biological treatment methods have been used for 

the removal of dyeing effluents, such as advanced oxidation, combined chemical and 

biochemical process, adsorption membrane filtration, aerobic and anaerobic digestion 

[5, 9, 11]. Chemical treatment using flocculating agents or coagulating to remove dyes 

is not efficient for highly soluble dyes [20]. On the other hand, biological treatment is 

incapable of removing dyes from effluents on a continuous basis, whereas physical 

treatments such as precipitation, electrochemical destruction [21], membrane filtration, 

ion exchange, irradiation, and ozonation [22] have been used to treat dye-containing 

wastewater. Most of these processes are expensive and lead to the generation of sludge 

or formation of by-products [23]. Because of being inefficient and expensive, most of 

these processes are not used on large scale [24]. Considering the cost, effectiveness and 

environmental impact of these processes, adsorption is a more competitive treatment 

process for dye removal because of its simplicity, high efficiency and wide-ranging 

availability [9, 10].  
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So people try to develop cheaper and more effective adsorbents to remove dyes and 

find an alternative method from different starting materials such as bagasse pith [25], 

saw dust [26], rice husk [27,28], fly ash [29], melon husk [30], potato peel [31], hen 

feather [32], polar leaf [33], date pits [34], walnut shell [35], clay [36], papaya seed 

[37], Trapa bispinosa’s peel and fruit [38], and pine cone powder [39].  

 

Dates are fruits of palm trees known to the middle east region. This tree is adapted 

to dry climate and its fruit was the main source of energy for humans and animals. Date 

fruit flesh of most varieties contains high sugars (61–84 %), ash (2–4 %), low protein 

contents (2–4 %) and 0.1–0.5 % fats, and appreciable amount of potassium [40]. Date 

pits are a co-product of the date industry which represents about 10–15 % of the fruit 

and for a lot of years was used as animal feed [41, 34]. The average composition of the 

date seeds is about 6 % proteins, 1.5 % ash, 11 % fats, 52 % dietary fiber, and contains 

considerable amount (3.5 – 4.5 g/ 100 g) of phenolics [42, 43]. DP can be a low-cost 

source of dietary fiber and antioxidants [44].  

 

The aim of this work is the use of date pits as low cost adsorbent for the removal of 

malachite green dye from aqueous solution. The effect of parameters such as contact 

time, initial dye concentration, pH, adsorbent dosage and temperature were performed 

in batch experiments. Adsorption isotherm, kinetic studies, thermodynamic parameters 

and single stage adsorber design were carried out. Therefore, effective methods for the 

removal of MG have been searched for in many laboratories. 
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Chapter 2: literature survey 

2.1. Dyes  

In former times, dyes were gained from mineral sources with the exception of 

some very expensive organic dyes from natural sources, such as of carmine from the 

Cochineal insect, purpur from the mollusk Murex spp and scarlet from the Kermes 

insect. Current time, dyes are not only obtained from the natural sources but also there 

are synthetic dyes. Dyes are used in a lot of industries such as paper, leather and textile. 

Dye is a synthetic or natural colouring material, even if insoluble or soluble, that impart 

its colour to a material by staining [45]. 

 

The world-use of reactive dyes increased from 60.000 tons in 1988 to 178.000 to 

182.000 tons in 2011. Today, more than 10,000 different dyes are produced annually 

for different applications. However, 90% of the textile products are used at the level of 

100 tonnes per annum or less, making for the huge variety of dyes used in the textile 

industry [46]. 

2.1.1. Classification of dyes 

Dyes can be classified according to their application and their chemical structure. 

In term of chemical structure, dyes can be organic or inorganic compounds, both groups 

can be subdivided into synthetic and natural compounds. According to the dyeing 

method, dyes can be divided into direct, anionic or disperse dyes, here based on their 

application [47]. 

2.1.1.1. Dye Classification Based on the Chemical Structure of the Dye 

2.1.1.1.1. Azo compounds 

Azo compounds have the azo bond (two nitrogen atoms double bonded to each 

other: N=N) (Fig 3.2). Each nitrogen atom is bound to another group, that most often is 

an aryl group. There are dyes with one, two, three and even four azo groups in the 

molecule. The aromatic rings usually have nitro, sulphate, hydroxyl or chloro groups 

attached, either to increase the solubility of the dye in water or to enhance its 

interactions with the substrate. Today, azo dyes are widely used because of their cost 

effectiveness and good performance [48]. 

 

 

Fig  1.2  Acid red 74. 


