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Abstract- The objective of this study was to remove the Congo red (CR) anionic dye, from water by using Activated
Orange Peel as an adsorbent in batch adsorption experiments. The need for using Cheap and eco-friendly adsorbent for
removal of congo red dye from aqueous solution is of paramount importance. The effects of contact time, pH, adsorbent
dosage and initial dye concentration was calculated. It was observed that percentage removal of lead increases with
increase in pH upto pH 8 and the rate of adsorption is very high initially but decreases gradually with time The
adsorption isotherms were analyzed using Langmuir and Freundlich isotherm. The Langmuir and Freundlich isotherms
were used to fit the equilibrium data and results showed that the Langmuir isotherm fits better than the Freundlich
isotherm.
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1. INTRODUCTION
Water pollution has become one of the most dangerous threats to environmental in today’s world. Human
beings and their activities are the reasons for impurification of water resources like rivers, oceans,
groundwater etc. There are various ways of polluting water, most important being the discharge of industrial
waste water through spillage from into water bodies.  Chemicals discharge from dyes, pharmaceutical,
petroleum industries. Fertilizers and pesticides released from the agricultural activities are the main causes for
water pollution.

A dye is a colored substance having tendency to get attached to the substance on which it is being applied.
Generally the application of dye is in the form of aqueous solutions. Color removal from industrial effluents is
one of the foremost and the toughest demand faced by the paper and pulp industries, textile finishing, dye
producing, attributable to noxious nature of dyes. World Bank estimates that nearly 20% of all global
industrial water pollution comes from the treatment and dying of textiles. Congo Red (CR) is an anionic azo
dye which is highly toxic to the living body. This dye has been known to cause an allergic reaction. Its
decomposition results in carcinogenic products. It acts as a skin, eye and gastrointestinal irritant. It affects
blood factors such as clotting and induces drowsiness and respiratory problems. Congo red has a strong
affinity to cellulose fibers. It has been recognized as a serious community health problem because of its toxic
nature and therefore, its removal is highly essential (Roy et. al. 2017).

The methods that were currently in use for the remediation of dyes in waste water are chemical oxidation,
adsorption by activated carbon, microbial methods. They all have their advantages and disadvantages.
Coagulations and chemical and electrochemical oxidations have low practicability on large scale plants.
Adsorption is preferable over these processes and is widely used because it’s low cost and high performance.
Activated carbon is being used as an absorbent in most of industrial systems for removal of dyes in
wastewater attributable to its notable adsorption capability. However because of high price of activated
carbon, adsorption is preferred by using cheaper materials. Orange is widely available in summer session in
India. Orange peel (OP) is waste material discarded from orange fruits. Thus, the purpose of this study was to
investigate the application of activated orange peel (AOP) for the removal of CR from aqueous system. The
solute and solvent interaction mechanism were explained by adsorption isotherm.
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2. MATERIAL AND METHOD
2.1 Materials
Congo red dye was purchased from Loba Chemie, India. HCL and NaOH were purchased from Merck. All
the materials used were of analytical grade.

2.2 Preparation of adsorbent and adsorbate
Stock solution of 1 mg/L of CR dye was prepared. Sample of orange peel (OP) was collected from local
market. OP was washed thoroughly with distilled water and kept for sun dry. After drying, the Orange Peel
were crushed in small pieces and again washed with deionized water. It was dried in an oven at 100°C for 24
hrs. The crushed pieces were soaked in concentrated H2SO4 for 24 hrs. This material was then washed with
double distilled water and kept for activation in muffle furnace at 350°C for 10 min. The excess acid was
washed off with distilled water till neutral pH was obtained. The dried activated carbon of orange peel (AOP)
was then sieved to prepare fine powder of 200 μm particle size. Same was used throughout the study.
2.3 Characterization Techniques

Various characterization techniques like scanning electron microscope (SEM), Transmission electron
microscope (TEM), X-ray diffraction (XRD) and Fourier transform infrared spectroscope have been used. The
SEM is routinely used to generate high-resolution images of shapes of objects. The SEM is also widely used
to identify phases based on qualitative chemical analysis and/or crystalline structure. TEM is a microscopy
technique in which a beam of electrons is transmitted through a specimen to form an image [7].  FTIR is used
to identify certain functional groups in molecules [8].

2.4 Adsorption studies
Batch adsorption experiments were conducted by varying concentrations of from 10ppm to 100ppm at
constant adsorbent dose 1.5 gm. While adsorbent dosage was varied from 0.5 gm to 1.5 gm at constant
concentration of CR of 20 ppm solutions followed by magnetic stirring one by one. After equal time intervals,
equal amount of samples from stirred solution were taken, centrifuged at 8000 rpm for 5 minutes and
absorbance was observed with the help of UV-Visible spectrophotometer.  The effects of time, pH were
studied with Congo Red dye concentration of 20 ppm and an adsorbent dosage of 1.5 mg.

Where, C0 and C are the initial and final concentration at any time (t) of the dye solution respectively. The
adsorption affinity of dyes on the AOP was determined by the Langmuir and Freundlich isotherm.

3. RESULT AND DISCUSSION
3.1 Characterization
Scanning electron microscopy (SEM) routinely used to generate high-resolution images of shapes of objects
and to show spatial variations in chemical compositions of AOP.

Fig. 1 shows AOP image, we can see the irregular shapes. A porosity and uniform surface can be seen in both
the figures. In these images, the presence of many pores proves the important role of ultrasonic waves on
carbon activation. TEM was used to determine the size and size distribution of the AOP. The size of AOP
particles in Fig. 2 was 100 nm with non uniform shape. FTIR is a technique which is used to obtain an
infrared spectrum of absorption or emission of a solid, liquid or gas. An FTIR spectrometer shows high
spectral resolution data over a wide spectral range. The broad and intense peaks at 3762 cm-1 and this FTIR
spectra showed that the peaks expected at 3762, 3017, 1810, 1502, 1283 and 821 cm-1 had shifted to 3723,
3004, 1808, 1489, 1271 and 795 cm-1 due to adsorption. The shift may be due to changes in counter ions
associated with carboxylate and hydroxylate anions.
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Fig. 1 SEM image of activated orange peel (AOP)

Fig. 2 TEM image of activated orange peel (AOP)

Fig. 3 FTIR of activated orange peel (AOP)

3.2 Batch Adsorption Studies
3.2.1 Effect of Contact Time
The effect of contact time on adsorption of CR can be seen from Fig.4. It was seen that the rate of adsorption
is very high initially but decreases gradually with time. The concentration of dye nearly remains constant after
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120 minutes. This was due to the saturation of active sites presented on the AOP which do not permit further
adsorption to occur. This can be explained by the fact that initially, the quantity of sites on the surface were
very large which allows adsorption to take place very easily. But with the passage of time, the active sites get
saturated thereby reducing the rate at which adsorption occurs.
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Fig. 4 Effect of contact time on the removal of CR by AOP

Fig. 5 Effect of pH of solution on CR removal by AOP

3.2.2 Effect of pH of the solution
Fig. 5 shows that the effect of pH on adsorption of CR dye by AOP. The experiment was done with
concentration of 20 ppm and volume 50 ml with adsorbent 0.5 gm in the pH range 2-10. It was observed that
percentage removal of lead increases with increase in pH upto pH 8. Then there is decease in removal of CR
dye with inceases in pH.

3.2.3 Effect of Adsorbent Dosage
The effects of adsorbent i.e. AOP dosage on the amount of dye removed has been given Fig. 6. Dose of
adsorbent was varied from 0.5 – 1.5 gm. A solution of 20 ppm concentration with volume of 50 ml was used
to study the effect of dose of adsorbent. It was observed that the amount adsorbed increases with increase in
dose of adsorbent. As the dye molecules get more surface area for adsorption.
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Amount of adsorbent
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Fig. 6 Effect of adsorbent dosage on the dye removal by CR
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Fig.  7 Effect of initial dye concentration on the removal of CR by AOP adsorbent

3.2.4 Effect of initial dye concentration
The effect of CR dye concentration on the efficiency of adsorption was also explored in the initial
concentration range of 10-100 mg/L as shown in Fig. 7. The adsorption capacity of AOP at equilibrium seems
to increase with increase in the concentration of the initial dye concentration. This trend could be attributed to
the fact that because of the high concentration of the dye, the driving force for mass transfer was also
relatively high. Additionally, if the concentration of dye in the solution is higher, the active sites are enclosed
by more dye molecules which leads to more efficient adsorption.

3.2.5 Effect of Temperature
Fig. 8 represents the adsorption of CR by AOP at different values of temperatures. Temperature was not a
very important controlling factor in this study. The temperature did not affect the reduction in dye
concentration by much, however there was a slight increase in the adsorption which means that the chemical
interactions that take place between CR dye and the adsorbent is endothermic in nature.
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Fig.  8 Effect of temperature on the removal of CR dye by AOP adsorbent
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Fig. 9 Langmuir adsorption isotherm for CR dye

Fig. 10 Freundlich adsorption isotherm for CR dye
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The values of the constants of the two isotherms, namely, Langmuir and Freundlich isotherm, have been given
in the Table 1. The Langmuir model is based on the assumption that adsorption is localized on a monolayer
and all adsorption sites at the adsorbent are homogeneous [20]. Whereas the Freundlich isotherm presumes
that the multilayer of the adsorption process occurs on a heterogeneous surface. These two models can be
described in linear form as follows [21]:

(1)

(2)

where KL (L/mg) and qm (mg/g) are the Langmuir constants involved in adsorption rate and adsorption
capacity. KF and n are Freundlich constants. The Langmuir and Freundlich isotherms were shown in Fig. 9
and 10 respectively.

The values R2 for Langmuir and Freundlich isotherm are 0.9918 and 0.9255 respectively for the adsorption of
CR. The R2 of Langmuir model is very close to 1 and much larger than Freundlich model, indicating the good
application of Langmuir model. It also suggests the adsorption of CR onto AOP follows the Langmuir
isotherm. The separation factor (RL) related to Langmuir isotherm is used to evaluate the feasibility of
adsorption on adsorbent. It can be calculated by Eq. 3

(3)

where C0 (mg/L) is initial dye concentration and KL (L/mg) is Langmuir constant. The value of RL indicates
the type of the isotherm: irreversible (RL = 0), favorable (0 < RL < 1), linear (RL = 1), unfavorable (RL > 1).
The RL of CR adsorption onto AOP is 0.9987. It can demonstrate the CR adsorption onto AOP is favorable.

Table.1. Evaluated adsorption constants at different Isotherm models

Langmuir isotherm Freundlich Isotherm

Xm KL R2 N Kf R2

273.97 .000132 .9918 55.56 1.395 .9255

4. CONCLUSION
Scanning Electron micrographs exhibited that AOP had a significant number of pores where there is a
feasibility for CR dye to be trapped and adsorbed into these pores. Adsorption tends to increase with contact
time. The optimum contact time for equilibrium was found to be 120 min or 2 hours. The maximum removal
efficiency of adsorbent at pH 8. There is surge in adsorption with the increase in initial concentration of dye
due to the higher driving force for the transfer of mass at a higher initial dye concentration. Adsorption
capacity is found to increase with increase in temperature. At higher temperature mobility of large ions of
congo red dye increases and at high temperature molecules acquire sufficient energy to undergo interaction
with the active sites for adsorption. The Langmuir and Freundlich isotherms were used to fit the equilibrium
data and results showed that the Langmuir isotherms fit better than the Freundlich isotherms.

In conclusion, AOP derived from OP available in abundance in the country, can be used for the removal of
CR dye from wastewater. Further, there is scope of more study and research which can enhance the
percentage removal of CR and the feasibility of OP for removal of other dyes is to be studied.
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