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toxic amaranth dye from aqueous solution using 

low cost bio-adsorbents 
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Md. Abu Rashed 
 
Abstract 

Here, the potentiality of low cost, environment friendly and abundantly available bio-adsorbents prepared 

from rice husk (RHA) and saw dust (SDA) are reported for the removal of toxic anionic dye, Amaranth 

dye (AMD) from the artificial wastewater. The influence of the parameters that may affect the removal 

process including contact time, pH, adsorbent dosage and initial dye concentration was investigated in 

order to properly select the removal process optimization parameters. The adsorption kinetic and 

isotherm of removal of AMD was also carried out. Kinetic studies have shown that the absorption 

process can be explained smoothly by the pseudo-second sequence, where the absorption of AMD 

strongly follows Langmuir's isothermal models. The adsorption isotherm indicates the maximum 

adsorption capacities of AMD on RHA and SDA are 74.07 and 78.13 mg g-1, respectively. 

 

Keywords: Adsorption, azo dye, industrial wastes, kinetics, Langmuir isotherm 

 

1. Introduction 

Water is one of the essential constituents for the survival of the human race on earth, but a 

significant number of people are still deprived of access to safe water [1]. Safe and accessible 

water is important not only for public health, but also for domestic, food production or 

recreational purposes. With population growth, urbanization and industrialization, the use of 

water is increasing day by day, along with the problem of water scarcity and increasing 

pollution of natural water sources [2, 3]. One of the reasons for the contamination of water 

resources, especially surface water, is industrial wastes, which affects both the quality of the 

ecosystem and the health of all living things. Industrial wastes contain a variety of organic 

pollutants including dyes, detergents, oils, and other organic compounds and among them the 

most harmful component is organic dyes, which are originating from various industrial 

activities such as textiles, dyeing, tanners, paper, paints and pigments [3-6]. This water pollution 

has become a serious problem for some developing countries as they discarding industrial 

wastes into the nearby aquatic systems without any treatment [7]. However hopefully, a variety 

of research is going on about this field and scientists are trying to find out how to keep water 

safe by removing dyes from wastewater using low cost materials. 

Among the organic dyes, azo dyes are regarded an acute threat to ecology and human health. 

Amaranth dye (AMD) is a well-known azo dye (Fig. 1) that is extensively used in coloring 

textiles, paper, phenol-formaldehyde resins, wood and leather industries [8, 9]. Besides, it is 

employed in food as food additives for jams, jellies, ketchup and cake decoration [8, 10]. But 

importantly, its use has been prohibited in many countries due to its toxicity, mutagenicity, and 

carcinogenicity [11, 12]. Additionally, it is now well recognized that a persist use of AMD can 

repercussion to tumors, allergy, respiratory problems and birth defects in the human being [10]. 

Thus, it is very significant to remove AMD from wastewater considering the negative health 

and environmental impact. 

Furthermore, since Amaranth is highly soluble in water, so it is not so easy to remove it from 

wastewater using conventional physical and chemical treatment methods [10]. Though, many 

approaches have been proposed for its removal including chemical oxidation, biological 

degradation, and adsorption [13-15]. But, among them, due to some attractive features like high 

proficiency, low price and straightforward operation, adsorption is still considered as the 
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Thus, it is very significant to remove AMD from wastewater 

considering the negative health and environmental impact. 

Furthermore, since Amaranth is highly soluble in water, so it 

is not so easy to remove it from wastewater using 

conventional physical and chemical treatment methods [10]. 

Though, many approaches have been proposed for its removal 

including chemical oxidation, biological degradation, and 

adsorption [13-15]. But, among them, due to some attractive 

features like high proficiency, low price and straightforward 

operation, adsorption is still considered as the superior 

method to remove Amaranth from wastewater [3, 6, 8]. 

Although adsorbents selection still remains a significant 

concern, different types of materials have been examined as 

adsorbents [2, 8-10, 16-21]. Besides, many low-cost adsorbents 

have been used directly or by transferring to stimulated 

carbon for the removal of dyes. In this case, considering the 

“green adsorbents” concept not only adsorption capacity but 

also simplicity, cost effective, reliability and eco-friendly 

nature are important [22]. Therefore, eco-friendly bio-

adsorbent materials are highly in-demand for the removal of 

Amaranth from wastewater that would be beneficial 

commercially as well as environmentally. 

Recently, different waste products such as house hold wastes, 

agriculture products have been used for generating low cost 

adsorbents. They display some common but important 

advantages like granular structure, chemical stability. Again, 

since they can be collected locally at very low cost, they need 

not restored again. Herein, we demonstrate the removal of 

toxic Amaranth from the artificial wastewater using low cost 

bio-adsorbent that prepared from rice husk and saw dust. 

Thus, we have examined the adsorption activity of these 

adsorbents on AMD considering the different parameters like 

contact time, pH, adsorbent dose, dye concentration, etc. 

 

 
 

Fig 1: UV-Vis absorption profile of amaranth anion (maximum 

absorption peak at 521 nm). 

 

2. Materials and Methods 

2.1 AMD and its aqueous solution for bio-sorption 

experiments 

AMD (tri-sodium 3-oxo-4- [(4-sulfonatonaphthalen-1-yl) 

hydrazinylidene] naphthalene-2, 7-disulfonate) 

(C20H11N2Na3O10S3 is its empirical formula and the formula 

mass is 604.47) was purchased from the commercial supplier. 

A stock solution of 0.01 M was prepared by dissolving 1.52 g 

AMD in 250 mL de-ionized distilled water, latterly from this 

the desired initial concentration of AMD was obtained by 

appropriate dilution. In addition, the aqueous solution of 

AMD displays a maximum absorption at wavelength = 520 

nm.  

2.2 Collection and Preparation of Bio-adsorbents 

All the bio-adsorbents raw materials (Rice husk and saw dust) 

were collected from the local market at Tangail district in 

Bangladesh. And following the physical activation treatment 

method adsorbents were prepared from these materials 

separately [23]. In this process, the raw materials were rinsed at 

first with distilled water repeatedly to discharge the pollutant, 

and dried by sunlight. After that, the materials were then dried 

in an oven at 150 °C for 48 h and screening through the MIC 

sieves after grinding. The resultants were then stored 

separately in the desiccator and used for AMD removal 

without further physical or chemical treatment. 

 

2.3 Adsorption studies 

Adsorption equilibrium profiles of AMD on the selected bio-

adsorbents were investigated in a liquid phase at RT 

following the batch experiments method. These batch 

adsorption experiments were conducted at desired adsorbent 

dose, contact time, pH value, and initial concentration of 

AMD. The concentration of Amaranth solution, before and 

after the adsorption experiments, was studied using a UV-Vis 

spectrophotometer (Shimadzu UV1800, Japan) at maximum 

wavelength 520 nm. Although before that, the desired initial 

concentration of Amaranth solution was made by proper 

dilution of stock solution and pH of the solution was regulated 

by using 0.1 M HCl or 0.1 M NaOH as needed. As a typical 

way, the desired solution of Amaranth was taken in a 500 mL 

reagent bottle (with screw cap) and after adding required 

amount of the adsorbent to the solution the mixture was 

shaken for a given period of time at 150 rpm using a magnetic 

stirrer. The mixture was then settle down for some time and 

filtered for removing the adsorbents and after that the filtrate 

was preserved for analysis. The adsorbed dye amount per unit 

mass of the adsorbent, q was calculated following the mass 

balance equations:  

 

qt = (C0 – Ct)  V/m (1) 

 

qe = (C0 – Ce)  V/m  (2) 

 

where qt, qe represents the adsorbed amount of AMD at any 

time and at equilibrium condition, respectively (mg dye 

adsorbed onto the mass unit of adsorbent, mg g-1), C0, Ct and 

Ce (mgL-1) are the concentration of AMD at initial, any time 

and equilibrium conditions, respectively, V is the volume of 

the dye solution, L and m is the mass of respective adsorbent, 

g. Besides, the removal efficiency was calculated with the 

formula:  

 

Removal efficiency, % = (C0 – Ct)/C0 100 (3) 

 

3. Results and Discussion 

3.1 Batch adsorption studies 

Since AMD is considered as pollutant for water, so the 

removal process (adsorption) has been investigated 

considering the various factors such as contact time, t between 

the adsorbent and the adsorbate, the solution pH, the 

adsorbent dosage and the initial dye concentration, etc. 

 

Effect of contact time 

Since the time of contact between adsorbents and dyes gives 

an idea of the time required to reach the adsorption 

equilibrium, so it is a very significant parameter for designing 

various adsorbents at low cost. Also, its role in studying the 

different kinetic models of absorption is immense. However, 
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at first we have examined the adsorption activity of the two 

examined adsorbents on AMD considering a function of 

contact time with variable adsorbents doses (Table 1), and 

Fig. 2 displays the results. 

In almost all cases, removal of AMD at a certain 

concentration of absorbent increases rapidly in the first 1 h 

but decreases gradually over time. Actually, after 1 h the 

removal capacity increases gradually until it shut down to 

equilibrium state in around 2.5 h. In the case of RHA, 

comparatively higher removal capacity after 1 h was observed 

compared to SDA, but this is not increase much with the 

passage of contact time although there was a concentration of 

adsorbents varies from 7 gL-1 to 11 gL-1. It may due to the 

higher interaction between dye and adsorption site of RHA 

which increases the removal capacity firstly.18 Later, even if 

more time is given, the dye molecule is not adsorbed very 

much to reduce the absorption site. However, our 

experimental results showed that the tendency to remove dye 

decreases after reaching 2.5 h of equilibrium, which is 

thought to be due to the removal of dye from absorbent 

surfaces. From this above discussion, it is clear that adsorbent 

made from rice husk is highly acceptable for dye removal 

application from wastewater compare to adsorbent made from 

saw dust. 

 
Table 1: Effect of contact time on the AMD adsorption by rice husk 

and saw dust mediated adsorbents. 
 

t /min removal of Amaranth,% 

1.0 g 

Ad 

3.0 g 

Ad 

5.0 g 

Ad 

7.0 g 

Ad 

9.0 g 

Ad 

11.0 g 

Ad 

Rice husk mediated adsorbent (RHA) 

20 11.19 18.09 24.40 27.31 34.80 38.61 

40 18.93 27.38 38.43 40.63 44.41 44.51 

60 25.41 35.40 43.59 46.82 48.29 50.43 

80 31.60 42.39 52.48 53.26 54.10 56.64 

100 33.60 46.53 54.33 56.68 58.35 59.26 

120 36.51 48.55 55.03 57.28 59.35 60.05 

Saw dust mediated adsorbent (SDA) 

20 9.53 16.18 24.60 31.15 34.53 38.88 

40 15.93 24.44 33.09 39.88 41.82 42.63 

60 21.11 31.73 38.44 43.66 45.58 46.91 

80 25.37 36.63 41.89 45.57 47.01 48.98 

100 26.52 39.01 43.18 47.57 48.51 50.07 

120 27.50 40.55 44.70 48.27 48.68 50.61 

 

 
 

Fig 2: Plot of contact time effect on the Amaranth adsorption using (a) RHA and (b) SDA 

 

Effect of pH of the adsorption solution 

The pH acts as the most important parameter among the 

parameters that affect adsorption efficiency, because it can 

regulate surface charge of the adsorbent, can separates 

functional groups of the adsorbent on the active sites, and 

suited of ionizing the adsorbing molecules in the solution.24 In 

this scenario, for both the adsorbents the dependence of pH on 

adsorption performance was examined in the pH range of 1.5 

to 10.8 at a fixed dose of adsorbents (3 gL-1). Fig. 3 displays 

the variation of the pH on adsorption efficiency, that strongly 

influences the removal of the AMD. At the absorbent dose 

mentioned above, RHA can remove AMD about 76.65% at 

pH 1.53 and about 50.48% at pH 10.06. That is, RHA can 

remove the maximum amount of AMD in the acidic solution. 

As like as RHA, almost the similar trend of results is observed 

in case of SDA. Though later on, as the pH increases, both the 

maximum percentage of Removal efficiency,% and adsorbed 

dye amount per unit mass of the adsorbent, q decline. 
 

 
 

Fig 3: Plot of pH effect on the adsorption of AMD using RHA and SDA adsorbents (a)% removal of AMD,% and (b) qe (mg g-1) 
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Basically, any adsorption arises due to interaction between 

adsorbent and adsorbate (dye). We can interpret the above 

results in this way: At high pH the number of active neutral 

sites on the adsorbing surface decreases, as well as the 

negative sites increases due to deprotonation [15, 25]. As a 

result, the amount of electrostatic repulsion of both the dye 

and the absorbent surface increases and the adsorbing dye 

dissociates and its basic molecules transferred into anionic 

mode. Since the negative sites of the adsorbent surface are not 

suitable for adsorbing the anion of dye molecules due to 

robust electrostatic repulsion, the adsorption capacity 

decreases rapidly. This results indicates that adsorption 

characteristics of the adsorbents are highly dependent on pH 

and robustly connected with the change of the adsorbents 

surface charge [10, 15, 24]. 

 

Effect of adsorbent dose 

To avoid unnecessary use of absorbent materials and get 

maximum removal efficiency, various amounts of absorbent 

doses were tested on adsorption efficiency maintaining certain 

dye concentrations. Fig. 4 displays the adsorption of dyes 

against the adsorbents (RHA and SDA) dose. In both the 

cases, both the removal efficiency and amount of adsorbed 

dye (qe) increases with the adsorbent doses. 
 

 
 

Fig 4: Plot of adsorbent dose effect on the adsorption of AMD using various adsorbents (a)% of removal (b) qe (mg g-1) 

 

It is clearly evident that if the adsorbent dose is increased, the 

number of active adsorption sites increases compared to a 

certain number of AMD molecules, which shows an 

imperative role in increasing the amount of AMD adsorption 
[10]. Again, since the number of AMD molecules does not 

increase compared to the adsorbent in the solution, adding a 

certain amount of adsorbent to the solution results in no more 

dye molecules remaining in the solution, as almost all dye 

molecules are adsorbed [2]. It then ensures the formation of a 

dynamic balance between the number of adsorbed and 

desorbed dye molecules. This has been observed in both the 

cases that no significant adsorption is detected after adding 9 

gL-1 of adsorbents to the solution. 

 

Effect of initial concentration of AMD  

It has already been established from the various results 

reported earlier that the initial concentration of adsorbate 

species significantly influences the adsorption phenomenon. 

For this purposes, we scrutinized the adsorption efficiency of 

examined adsorbents using variable initial concentration of 

AMD in a fixed adsorbent dose considering the other 

conditions remained unchanged (the amount of adsorbent = 3 

gL-1, pH  5.0, adsorption time = 2 h) (Fig. 5). According to 

the results represented in Fig. 5, it reveals that as the 

introductory concentration of AMD increases, the removal 

amount of AMD by the examined adsorbents decreases. 

 
 

Fig 5: Effect of initial conc. of AMD on the adsorption efficiency using RHA and SDA 
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Generally, at a lower initial concentration of AMD, the 

number of effective adsorption places on the adsorbents is 

greater than the amount of competent AMD molecules. And 

for this reason, most of the AMD molecules are binded with 

the adsorbent surface and show higher adsorption efficiency. 

Again, since at higher initial concentration, the number of 

active adsorption sites available on adsorbents surface is less 

than the number of available AMD molecules, the AMD 

molecules have to contest with one another to interact with 

the certain adsorption places on the surface of adsorbents. In 

this case, AMD molecules that could not be attached to the 

adsorber's adsorption site are then persist free in solution. 

 

3.2 Kinetic Studies of Adsorption 

The adsorption kinetics analysis plays a vital role for the 

determination of adsorption mechanism and potential rate 

controlling steps. Pseudo first-order, pseudo second-order and 

intra-particle diffusion are the common kinetic models using 

for this purposes [26]. These models can be expressed as the 

following formula: 

 
Pseudo first-order model: log (qe – qt) = log qe  k1t/2.303 (4) 

Pseudo first-order model: t/qt = 1/k2qe
2 + t/qe  (5) 

Intra-particle diffusion model: qt = kidt0.5 + C  (6) 

 

where, qt and qe are, respectively, the adsorbed amount of 

AMD (mg g-1) at time t and at the equilibrium, k1 is the 

pseudo-first-order adsorption rate constant (min−1), k2 is the 

pseudo-second -order adsorption rate constant (g mg-1 min-1), 

kid is the intra-particle diffusion rate constant (mg g-1 min-0.5) 

and C describes the boundary layer thickness. By plotting log 

(qe – qt) vs. t, the adsorption rate constant, k1 and adsorbed 

amount, qe for the pseudo-first-order can be determined from 

the slope and intercept, respectively. Likewise, for the 

pseudo-second -order model, the values of k2 and qe can be 

determined by plotting t/qt vs. t, also, the value of kid can be 

calculated from the slope of qt vs. t0.5 plot. The parameters of 

the kinetic models for the adsorption of AMD by RHA and 

SDA adsorbents displayed in the Table 2. 

 

Table 2: Kinetic parameters for pseudo 1st-order, pseudo 2nd-order and intra-particle diffusion model and experimental values of qe for the 

adsorption of AMD onto RHA and SDA 
 

Adsorbent dose of 

RHA, gL-1 

Pseudo 1st-order kinetics Pseudo 2nd-order kinetics Intra-particle diffusion kinetics Equilibrium 

experimental value of qe 

(mgg-1) 
k1102 (min-1) qe (mgg-1) r2 k2104

 (gmg-1min-1) qe 

(mgg-1) 

r2 kid (mgg-1min-0.5) r2 

1 2.81 57.78 0.9815 1.25 78.74 0.9867 4.6186 0.9873 42.13 

3 3.34 85.96 0.9502 1.66 88.50 0.9924 5.6594 0.9882 56.02 

5 4.72 124.17 0.9421 2.94 86.21 0.9909 5.5681 0.9450 63.49 

7 4.63 121.79 0.9138 3.40 86.21 0.9974 5.4219 0.9571 66.09 

9 3.73 79.10 0.8921 5.28 81.30 0.9952 4.4578 0.9826 68.48 

11 4.05 80.65 0.9186 6.23 80.65 0.9946 4.1141 0.9775 69.29 

Adsorbent dose of SDA, gL-1 

1 3.75 52.55 0.9756 2.72 51.28 0.9805 3.2619 0.9639 31.13 

3 3.45 66.24 0.9773 2.73 67.57 0.9949 4.4038 0.9741 45.91 

5 3.29 46.80 0.9961 6.83 60.98 0.9995 3.4993 0.9528 50.60 

7 3.78 45.11 0.9657 11.1 61.35 0.9999 2.9032 0.9263 54.64 

9 5.11 59.48 0.9189 15.6 60.24 0.9998 2.4354 0.9076 55.11 

11 3.87 36.28 0.9732 17.1 61.73 0.9992 2.1513 0.9598 57.29 

 

The results mentioned above display two important 

observations: in the case of pseudo second-order kinetic 

model the correlation coefficient (r2) for all the examined 

adsorbents are higher compared to that of the pseudo first-

order kinetic model, and the calculated adsorbed amount of 

AMD is very close to the experimental adsorbed amount. 

These observations confirm that the absorption of AMD on 

the surface of RHA and SDA adsorbents pursuits a pseudo-

second-order kinetic model, which appears to have been 

regulated by the chemisorption process and agreed with other 

studies [16, 24]. 

On the other hand, intra-particle diffusion model gives idea 

about the rate regulation steps of the adsorption process, 

which actually scrutinize the relative impact of surface and 

intra-particle diffusion to the kinetics process. The linearity of 

the plot of qt vs t indicates the involves of intra-particle 

diffusion which can controls the adsorption rate (Fig. 6) [18, 24]. 

However, the experimental results confirms that intra-particle 

diffusion influences the rate of dye removal, but it is not just 

the rate regulation step, some other steps may be engaged 

with the adsorption process. Again, since AMD appears to be 

negatively charged in aqueous solutions, it can be concluded 

that electrostatic attraction between the negatively charged 

AMD and the positively charged adsorbents surface is 

responsible for the surface diffusion process. Although, 

external expansion of the dye molecules from the liquid phase 

to the solid surface, the adsorption on the solid surface and the 

intra-particle expansion of the dye molecules inside the pores 

are the parameters that could greatly affect the adsorption of 

organic dye on the adsorbing surface [21]. 

 

 
 

Fig 6: Intra-particle diffusion model for AMD adsorption using 

RHA and SDA as a fixed dose of adsorbents (3 gL-1) at pH: 5 with 

the initial concentration of AMD: 100ppm. 
 

3.3 Adsorption Isotherm 
It is important to identify the relationship between the dye 
concentration in solution and the amount of dye adsorbed on 
the adsorbent in equilibrium state, as it can provide a clear 
idea of the various significant parameters affected in the 
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adsorbate-absorbent interaction and cooperate to select an 
appropriate sorption system. However, the adsorption 
isotherms of AMD adsorption onto the selected three 
adsorbents were analyzed using two classic isotherm models 
such as the Freundlich and Langmuir adsorption isotherm 
models [27, 28]. The well-known form of these two adsorption 
isotherms are given as follows: 
 
Freundlich: log qe = logKF + 1/n (logCe) (7) 
 
Langmuir: Ce/qe = Ce/qmax + 1/KLqmax (8) 
 
where, 1/n is the adsorption intensity and KF is the Freundlich 
constant. And, these values are determined from the slope and 
intercept of the straight linear graph of the log qe vs log Ce, 
respectively. On the other hand, qmax is the maximum amount 
of dye adsorbed corresponding to monolayer coverage, KL is 

the Langmuir adsorption constant related to the rate of 
adsorption. The value of qmax and KL are determined from the 
linear plot of Ce/qe vs Ce, which gives a straight line of slope 
1/qmax and intercept 1/KLqmax. The plots of the isotherms of 
the adsorption of AMD onto the separate adsorbents are 
displayed in Fig. 7 and the values of the corresponding 
parameters calculated from all isotherms are exposed in Table 
3. Moreover, the favorability of the adsorption process was 
tested using the dimensionless constant known as equilibrium 
parameter, RL, which signifies the essential characteristics of 
Langmuir isotherm. The RL values specifies the type of the 
isotherm to be either favorable (0 < RL < 1), unfavorable (RL 
> 1), linear (RL = 1) or irreversible (RL = 0). Mathematically it 
is defined as- 
 
Equilibrium parameter, RL = 1/(1+KLC0)  (9) 

 

 
 

Fig 7: (a) Freundlich and (b) Langmuir adsorption isotherm of AMD onto RHA and SDA 

 

From the above experimental results, it is clear that the higher 
linearity of the Langmuir isotherm plot indicates more 
suitability compare to the Frundlich model for explaining the 
adsorption of AMD, revealing the preferential monolayer 
structure. This further confirmed from the equilibrium 
parameter (0 < RL < 1), which exposed favorable adsorption 

occur using Langmuir adsorption model. In the case of 
adsorbent RHA and SDA, the maximum adsorption capacity 
was estimated to be 74.07 and 78.13 mg g-1, respectively from 
the Langmuir model. Furthermore, the value of 1/n less than 
one (0.26 for RHA and 0.41 for SDA) indicates normal 
Langmuir isotherm [29]. 

 

Table 3: Freundlich and Langmuir adsorption isotherm constants for the adsorption of AMD onto RHA and SDA. 
 

Adsorbent 
Freundlich adsorption isotherm Langmuir adsorption isotherm 

Freundlich constant, KF 1/n r2 Langmuir adsorption constant, KL qmax/(mg g-1) Equilibrium parameter, RL r2 

RHA 16.67 0.26 0.8642 2.9710-2 74.07 

0.25 (for 100 ppm) 

0.9621 

0.22 (for 120 ppm) 

0.19 (for 140 ppm) 

0.17 (for 160 ppm) 

0.16 (for 180 ppm) 

0.14 (for 200 ppm) 

SDA 7.36 0.41 0.8684 1.7810-2 78.13 

0.36 (for 100 ppm) 

0.9523 

0.32 (for 120 ppm) 

0.29 (for 140 ppm) 

0.26 (for 160 ppm) 

0.24 (for 180 ppm) 

0.22 (for 200 ppm) 

 

4. Conclusion 

This research work mainly describes our keen efforts on the 

removal of toxic Amaranth dye from the artificial wastewater 

using low cost adsorbents considering the different 

parameters like contact time, dye concentration, pH. The 

batch adsorption study displayed that RHA can remove the 

maximum amount of AMD in the acidic solution at pH 1.53. 

The kinetic study of AMD adsorption was found to follow the 

pseudo-second-order model, and controlled by the 

chemisorption process, which is supported from the 

adsorption isotherms studies, where Langmuir adsorption 

model confirms favorable adsorption occur during adsorption 

process. 
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Fig 8: Adsorption of Amaranth dye using bio-adsorbents mediated from rice husk and saw dust 
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