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ABSTRACT 

 Removal of congo red dye has been carried out using tamarind fruit cover (TFC) and tamarind nut cover 

(TNC) as an adsorbent. Batch adsorption experiments were carried out as a function of pH, adsorbent dosage and 

temperature.  The equilibrium data were analyzed by the Langmuir and Freundlich isotherms. Desorption 

experiments confirmed that major mode of adsorption is ion-exchange for the dye. The adsorbents were 

characterized by  FTIR, SEM, XRD and TGA/DTA. The results suggests  that TFC and TNC is a potential low 

cost adsorbent for the removal of congo red dye from textile industry wastewater. 
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INTRODUCTION 

Dyes are used to impart color to textiles, 

paper, leather and other materials [1]. More than 

3600 individual textile dyes are being manufactured 

by the industry today. The industry is using more 

than 8000 chemicals in various processes of textile 

manufacture including dyeing and printing. Many of 

these chemicals are poisonous and damaging to 

human health directly or indirectly [2]. Worldwide 

10000 different dyes and pigments are used in 

dyeing and printing industries. The total world 

colorant production is estimated to be 8,00,000 tons 

per year [3]. Some of the dyes are toxic and 

suspected to have carcinogenic and mutagenic 

effects, some present an aesthetic problem and affect 

the nature of water reducing photosynthetic activity 

by inhibiting sunlight penetration. Some of the 

techniques use in treatment of wastewaters 

containing dyes are flocculation, coagulation, 

precipitation, adsorption, membrane filtration, 

electrochemical techniques, ozonation and fungal 

decolorization [4]. The adsorption process is one of 

the effective methods for removal dyes from the 

waste effluent [5]. 

Dyes are widely used in various fields and 

their discharge into water causes environmental 

pollution [6]. Development of industry and 

improvement of human life more and more dyes are 

used and needed. Nowadays most of the dyes used 

are synthetic which inevitably cause serious 

environmental pollution in many ways. Water 

pollution is one of the most serious problems. Dye 

wastewater with strong color contains a large 

quantity of chemicals some of them are even toxic 

or refractory [7]. 

The process of trapping molecules or atoms 

that are incident on a surface is called adsorption. 
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The adsorbed molecules or atom is called the 

adsorbate and the surface is referred to as the 

substrate. Adsorption is always on exothermic 

process. There are two types of adsorption, 

Physisorption and Chemisorption [8]. 

MATERIALS AND METHODS 

MATERIALS 

Preparation of the Adsorbent 

 The sample TFC and TNC were collected 

from local market in killiyoor, Tamil Nadu, India.  

TFC and TNC is washed repeatedly with water to 

remove dust and dried in an oven at 1000C. The 

dried TFC and TNC is converted into powder using 

a crushing mill and then sieved to get uniform sized 

particles. 

Adsorbate 

 In the present study, congo red dye was used 

as an adsorbate. Congo red is used to dye cotton and 

fabrics. Forumula : C32H22N6Na2O6S2; molecular 

weight: 696.66g/mol; 𝜆max=510nm. It is a 

secondary diazo dye. 

Preparation of Stock Solutions 

 Stock solution was prepared by dissolving 1g 

of Congo red dye in 1 litre (1000 ppm). The PH of 

the dye solutions was adjusted with HCl (O.1M) and 

NaOH (O.1M) solution and recorded using a PH 

meter. The concentraction of dye solution was 

determined by a spectrophotometer operating in the 

visible range on absorbance mode. 

 

 

 

METHODS 

Batch Equilibrium Studies 

 Stock solution of congo red solution of 1000 

ml/L was diluted to get desired concentration (10, 

20, 30, 40, 50, mg/L of congo red). A portion of 

adsorbent TFC and TNC of known weight (1g) and 

desired concentration of initial dye concentration 10-

50 mg/ L was poured into the reaction adsorption 

bottle. The time required to reach equilibrium as in 

equilibrium studies was 24h. The effect of 

adsorption at different temperatures (300C, 400C, 

600C), adsorbent dosages (1,2,3 g/L) and PH 

(3.63,9.20) was studied. The PH of the dye solutions 

was adjusted with dilute HCl (0.1M) and NaOH 

(0.1M) solution and values are recorded using a PH 

meter (EUTECH Instrument). 

 The concentration of dye was measured with 

an UV/visible spectrophotometer (Hitachi Model U-

2000). The amount of dye adsorbed time t, qt (mg/g) 

was determined by the equation. 

𝑞𝑡 = (𝐶0 − 𝐶𝑡) ×
𝑉

𝑀
                         (1) 

   Where, C0 (mg/L) and Ct (mg/g) are the 

liquid phase concentrations of solutes as initial and 

any time t respectively. V-volume of the solution, 

M-dosage of adsorbent in the solution (g/L). 

Desorption Studies 

 Adsorbent that was used for the adsorption 

of 100 mg/L of dye solution was separated from the 

dye solution by centrifugation. The dye-loaded 

adsorbent was washed gently with water to remove 
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any unadsorbed dye. The adsorbents were dried in 

room temperature. 

RESULT AND DISCUSSION 

 Comparative study of adsorption capacity of 

TFC and TNC and its characterization  study is 

given below. 

Langmuir Isotherm 

 The equilibrium adsorption isotherm is of 

fundamental importance in the design of adsorption 

systems. The isotherm expresses the relation 

between the mass of  dye  adsorbed at a particular 

dosage, temperature and PH and liquid phase of dye 

concentration. A basic assumption of the Langmuir 

theory is that sorption takes place at specific sites 

with in the adsorbent [9,10]. The saturation 

monolayer can be represented by the expression. 

𝑞𝑒 =
𝐾𝑏𝐶𝑒

1 + 𝑏𝐶𝑒
                    (2) 

 

1

𝑞𝑒
=

1

𝐾
+

1

𝐾𝑏𝐶𝑒
                    (3) 

 

A plot of (1/qe vs 1/Ce) resulted in a linear graphical 

relation indicating the applicability of the above 

model as shown in (Fig. 1 & 2). The values are 

calculated from the slope and intercept of different 

straight line representing the different adsorbent 

dosage, temperature and PH.  (qe) amount of dye 

adsorbed at equilibrium (mg/g), (Ce) equilibrium 

concentration (mg/L), (b) energy of adsorption, (K) 

adsorption capacity and Qo is represented by (K) 

[11].  

 

 

 

 

 

 

 

 

Fig.1:Langmuir adsorption isotherm of congo red 

dye on TFC.  

 

 

 

 

 

Fig.2 :Langmuir adsorption isotherm of congo red 

dye on TNC. 

Freundlich Isotherm   

Freundlich isotherm is used for 

heterogeneous surface energies system. The sorption 

isotherm is the most convenient  form of 

representing the experimental data at different 

adsorbent dosage, temperature and PH as shown in 

(fig.3 & 4). Moreover the figures show the batch 

isothermal data fitted to the linear form of the 

Freundlich isotherm 

𝑞𝑒=𝐾𝐹𝐶𝑒

1
𝑛⁄
                     (5)  

lnqe=lnKF/ (1/n) lnCe       (6) 

The various constants, associated with the 

isotherm are the intercept which is roughly on 

indicator of  sorption capacity (Kf) and the slope 

(1/n) [12,13,14]. 
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Fig.3: Freundlich adsorption isotherm of congo red 

dye on TFC. 

 

 

 

 

 

Fig.4: Freundlich adsorption isotherm of congo red 

dye on TNC. 

Desorption Studies  

Desorption studies help to elucidate the 

mechanism of adsorption and recovery of the 

adsorbate and adsorbent. Regeneration of adsorbent 

makes the treatment process economical. Desorption 

process and congo red adsorption is mainly due to 

ion exchange and physical adsorption. Desorption 

was characterized by FTIR and SEM [15,16]. 

CHARACTERIZATION STUDIES 

Fourier Transform Infrared Spectroscopy 

(FTIR)  

FTIR Spectra of mucilage were recorded on 

a FT-IR Spectrometer (Thermo Scientific). FTIR 

spectroscopy was used to characterize  the TFC and 

TNC powders. In TFC (Fig.5) the peak obtained at 

292l.59cm-1 and 1617.12cm-1 results from the 

presence of  aldehyde C-H and C=H stretch. The 

peak obtained at 1380.19cm-1 and 8976.68cm-1 

results from the presence of CH3 and C-H out of 

plane. In TFC (Fig 6) the peak obtained at 

2922.23cm-1 and 1622.39cm-1 results from the 

oresence of aldehyde C-H and C=H stretch. The 

peak obtained at 1376.99 cm-1 and 1108.36cm-1 

results from the presence of CH3 and 2o ROH. 

In TNC (Fig.7) the peak obtained at 372.43cm-1 and 

1104.72cm-1 results from  the  presence  of  CH3  

and  20 ROH. In TNC (Fig 8) the peak obtained at 

2925.20cm-1 and 1612.82cm-1 results from the 

presence of aldehyde [17]. 

 

 

 

 

 

 

Fig. 5: FTIR analysis of Tamarind fruit cover 

(virgin)  

 

 

 

 

 

 

Figure 6: FTIR analysis of Tamarind fruit cover 

(desorption) 
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Fig. 7: FTIR analysis of Tamarind nut cover 

(virgin). 

 

 

 

 

 

 

 

Figure 8: FTIR analysis of Tamarind nut cover 

(desorption) 

Scanning Electron Microscopy (SEM): 

SEM was used to investigate the morphology 

of the TFC and TNC samples. Fig.9-12 shows the 

surface morphology of TFC and TNC. 

 

 

 

 

 

 

Fig.9 : Scanning Electron Microscopy analysis of 

Tamarind fruit Cover (virgin) 

 

 

 

 

 

Fig.10 : Scanning Electron Microscopy analysis of 

Tamarind fruit Cover (desorption) 

 

 

 

 

Fig.11 : Scanning Electron Microscopy analysis of 

Tamarind nut Cover (virgin) 

 

 

 

 

 

Fig.12: Scanning Electron Microscopy analysis of 

Tamarind nut Cover (desorption). 

X-ray Powder Diffraction (XRD): 

 XRD patterns of TFC and TNC were 

recorded using X-ray diffractometer. X-ray powder 

diffraction was used to characterize the TFC and 

TNC powders. XRD analysis of TFC and TNC is 

represented in  (Fig.13 & 14). No characteristic 

peaks were observed in the spectrum, indicating that 

the sample was completely amorphous in nature 

[18,19].  
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Fig 13 : X-ray powder diffraction analysis of 

Tamarind fruit cover (virgin) 

30 60 90

0

500

1000

1500

In
te

n
s
it
y
(a

.u
)

2 Theta(degree)

 

Fig 14 : X-ray powder diffraction analysis of 

Tamarind nut cover (virgin) 

Thermo Gravimetric Analysis (TGA) and 

Differential Thermal Analysis (DTA) 

 TGA and DTA technique is used to find the 

thermal stability and to determine the decomposition 

temperature of particles. A Perkin-Elmer Model 

TGA-7 thermogravimetric system with a 

microprocessor driven temperature control unit and 

a TGA data station was used. The mass of the 

sample was generally in the range of 2-3 mg. The 

temperature range studied was 1000C to 9000C at the 

heating rate of 100C/ min under the nitrogen 

atmosphere. The mass of the sample pan was 

continuously recorded as a function of temperature.  

Fig.15 & 16 shows the TGA and DTA of 

TFC and TNC. In TFC (Fig.15) The TGA curves 

show three main regions. The first weight loss is 

form temperature upto 95.10c. The second weight 

loss is form 198.30c. The total weight loss of the 

sample at about 547.70c. In TNC (Fig.15) the TGA 

curves show four main regions. The first weight loss 

is form temperature upto 48.80c. The second weight 

loss is from 101.30c. The third weight loss is from 

242.00c. The total weight loss of the sample at about 

614.70c [20,21]. 

 

 

 

 

 

 

Fig.15: Thermo gravimetric analysis and Differential 

thermal analysis of Tamarind fruit cover. 

 

 

 

 

 

 

Fig.16: Thermo gravimetric analysis and Differential 

thermal analysis of Tamarind nut cover 
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CONCLUSION 

The adsorption of congo red dye form aqueous 

solution using TFC and TNC has been investigated 

under different reaction conditions in batch and 

equilibrium mode. Langmuir and Freundlich modles 

could be used to describe dye sorption on TFC and 

TNC at equilibrium gave a better fit. The different 

parameters like adsorbent dosage, temperature and 

PH was studied. Desorption study shows that the 

recycling of adsorbent may be possible. The 

adsorbents were characterized by  the FTIR, SEM, 

XRD and TGA/DTA techniques. When the PH of the 

dye solution has been increased, the percentage 

removal of dye decreased. The equiliburium data 

agree with Langmuir isotherms and the adsorption 

capacity values in the same experimental conditions 

are higher for TFC. An agricultural solid waste or by 

products, TFC and TNC studied as adsorbent for 

removal of congo red, proved that it works well.  
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