
 

Int. Res. J. Multidiscip. Technovation, 7(5) (2025) 210-222 | 210 

 

R
E

S
E

A
R

C
H

 A
R

T
IC

L
E

 

 

 D
O

I:
 1

0
.5

4
3

9
2

/
ir

jm
t2

5
5

1
3

 

Removal of Congo red Dye from a Synthetic Wastewater Using 

Parthenium Carbon as a Bio-Adsorbent- An Environmental 

Sustainability 

M. Rakesh a, *, B.H. Manjunath a, S. Kishor Kumar b, R. Shruthi c 

a Department of Civil Engineering, Sri Siddhartha Institute of Technology, SSAHE University, Tumakuru, Karnataka, India 
b Department of Civil Engineering, Malnad College of Engineering, Hassan, Karnataka, India. 
c Department of Civil Engineering, BGS Institute of Technology, Adichunchanagiri University, Mandya, Karnataka, India 

* Corresponding Author Email: rakeshm@ssit.edu.in  
DOI: https://doi.org/10.54392/irjmt25513 

Received: 09-06-2025; Revised: 05-09-2025; Accepted: 13-09-2025; Published: 29-09-2025 

 
Abstract: In this study analysis were conducted for synthetically prepared Congo red dye. Activated parthenium 

carbon derived from Parthenium hysterophorous weed employed as an adsorbent. Physical activated carbon (PAC) 

& chemical activated carbon (CAC) both were used for experiential under batch studies. Dye molarity 1500 mg/l, 

other parameters like carbon dose, pH, & time in contact were examined. Optimum adsorbent of 3g/50ml, pH 8.5, 

time in contact of 60 min were found effective. Column studies were carried to examine the role of dye starting 

concentration, rate of flow & bed height on process of sorption. The optimum pH and Flow rate was 8.5 and 10 ml/min 

respectively. Modern techniques like IOT was used in getting real time data of parameters. SEM, FTIR were recorded 

which shows good surface morphology, group of functional elements (C=O, C-O, O-H). Parthenium weed can be 

considered as ideal material for dye sorption, the efficiency of sorption studies observed 95-99%. This model best 

fits for Freundlich isotherm adsorbent is heterogeneous; overall process is economical and sustainable. 

Keywords: Adsorption, Parthenium Carbon, Dye Contamination, Environmental Sustainability, IoT 

 

1. Introduction 

Among all the resources which naturally driven, 

water is most vital and dynamic role in the existence of 

all creatures. Mainly surface sources like ponds, lakes, 

Rivers etc. People depend on these resources for their 

livelihood it may be domestic, agricultural and industrial 

activities [1]. But due to pollution from Natural and 

Anthropogenic Activities these sources are getting 

pollute, Industries like textile, food, paints, paper, 

printing, leather and cosmetics [2]. Which using Dyes in 

their manufacturing Activities are discharging their 

wastewater or effluent with improper treatment to water 

bodies because serious environmental crisis mainly it 

reduces photosynthetic activity leads to reduction in 

penetration of sunlight which decrease Dissolved 

oxygen level [3]. It also cause problems like increase in 

biological oxygen demand, Bioaccumulation, 

Eutrophication growth of unwanted spices due to 

overloading of nutrients, Effect on Aquatic life because 

some dyes are Carcinogenic in nature [4]. In addition to 

its impact on the aesthetic appeal of water bodies [5], 

numerous rivers in India, such as the Yamuna, Ganga, 

Noyyal, Sabarmati, Bandi, and Damodar, are affected 

[6]. In Karnataka, rivers including Krishna, 

Vrushabhavathi, Cauvery, and Shimsha are notable 

examples. Dye are Categorized in to Natural & Synthetic 

dyes based on its origin and based on its application in 

industries they are divided in to Direct dye-Congo red, 

Reactive Dye-Reactive Pink, Disperse Dye Disperse 

yellow, Acidic Dye-Acid orange 7, Basic dye Methylene 

Blue [7], Methyl orange [8], Vat dye Indigo vat blue [9] 

and Sulphur dyes Sulphur black. Among all industrial 

sectors Textile Industry is the most Water consuming 

industry for their Manufacturing Activity and it also 

discharge dye contain wastewater to water bodies in 

many places across the country [10]. Parthenium 

Hysteroporous is a weed, it belongs to plantae a plant 

kingdom, Asteraceae a plant family, parthenium which 

plant genus & parthenium hysterophorus a plant species 

it is famous as congress grass in our local areas. It is 

very much known for its allelopathic effect & chemicals 

which suppress crops [11]. 

Many researchers worked on removal of dyes 

using much technique like, Electro Coagulation [12], 

Microbial Decolorization, Fenton Technique, Ozonation, 

Membrane Separation, Flocculation, and Adsorption 

[13], bioreactor [14]. Adsorption Technique was opted in 

this Research work to remove synthetically prepared 

Congo red dye by using Parthenium Hysteroporous 
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weed as Adsorbent. The key innovations in this research 

include the transition from batch studies to fixed-bed 

column studies, enabling a more comprehensive 

analysis. Additionally, Parthenium carbon was 

developed to investigate continuous adsorption, 

breakthrough behaviour, and the adsorption capacity of 

Parthenium carbon [15]. 

Parthenium is highly noxious unwanted weed 

with less or no economic importance its rapid growth 

leads to problem for agriculture and biodiversity. Leads 

to skin disease, respiratory problems and allergic 

reactions to human, even cattles do not eat this grass 

sometimes rashes will be observed on cattles also in 

agriculture due to overgrowth of parhenium many crops 

get low yield and loss to farmers [16]. 

It is very difficult to treat Industrial Effluent and 

also in the other way it was difficult to monitor the 

Operation Parameters like pH, Temp, Dye 

Concentration and some other, According to CPCB 

standards for effluent discharge from Textile industry or 

Dye discharging sectors pH should be 6.5-8.5, Colour 

150 PCU, BOD 30 mg/L. in the current research IOT 

(Internet of Things) and Image Processing is used to get 

real time data in treating industrial effluent with respect 

to date and time. This helps in continuous monitor of 

treated effluent from fixed bed column and reduce man 

power and also helps in maintaining record of every day 

[17]. 

Many adsorbents were used by researchers like 

Rice Husk [18], coconut shell [19], leaves [20], polymers 

[21], sugarcane baggase [22], Tea residue [23], waste 

ash [24] and many But cost of activated carbon and 

regeneration force researchers to move towards low 

cost bioadsorbent like parthenium, adsorbent is much 

important in technique adsorption, its physical and 

chemical characteristics, surface pores, Morphology, its 

functional group which is favorable adsorption and also 

size of the carbon is divided in to two types powdered & 

a granular carbon, in current research powdered 

activated carbon is used because it is best for lab scale 

study moreover granular activated carbon is suitable for 

pilot scale study. And also charges of adsorbent and 

adsorbate also very important at low pH Adsorbent 

poses negative charge and attract negatively charge 

dyes mainly anions and at higher pH adsorbent act 

positive charge attract positively charge cations [25]. 

However research on parthenium weed as an 

adsorbent is very low Batch studies were carried by 

some researchers but column studies to know its 

adsorption capacity and breakthrough along with IOT 

and image processing is considered as research gap in 

this field and it is an alternative way to treat Industrial 

Effluent which contains dye [26]. 

Sustainability Goals (SDG): This research 

mapped to SDG 3, 6, 9,13,14,15. 

 

2. Materials and Methods 

2.1 Adsorbent 

Parthenium hysteroporous unwanted 

plant/weed utilized in the form of adsorbent, a well grown 

complete weed was harvested & cleaned to eliminate 

soil and dust, pollen grains, leaves then it is dried on 

terrace under light of sun for 72 hrs. Only well grown 

stem taken in to account. It was smashed to reduction in 

size of particle then sieved in 300u. The powdered form 

of parthenium took for the activation process. Activation 

is done to promote the strength of adsorption and 

adsorbent material it is done via physical activation 

heating adsorbent material at 250-300 C in muffle 

furnace. Chemical activation is done by using 

Concentrated acid in that H2SO4 1.2 (W:V) & washed in 

remove acidic content till it reach the ph 6.5-7 then 

soaked with sodium bi carbonate for removal of 

additional acids to kept in oven for 20 hrs at warm 

temperature to eliminate moistures and it was used as 

adsorbent [27]. Parthenium Toxicology: parthenin is 

thought to be the main toxin and allelochemical that 

causes most of the ill effects that the plant, people, 

animals, and the ecology. A number of harmful 

allelochemicals are released by the very invasive plant 

Parthenium hysterophorus, however the most noticeable 

and prevalent one is Sesquiterpene lactone, Phenolic 

acids, toxicity analysis were done for treated water using 

HPLC found toxins less than 0.05%. 

 

2.2 Adsorbate 

A Congo Red dye (CR) used as an adsorbate, 

where it belongs to group of Direct dye based on the 

application in textile industrial sector, Molecular formula: 

C32H22N6Na2O6S2), shows in figure 1 and possess 

negative charge Anionic nature [28]. 

Figure 1. Structure of Congo red Dye 

Wavelength (λ max) at around 497–498 nm, and 

its molar mass is 696.665 g/mol. A precisely weighed 

powdered CR dye was dissolved in RO water [29]. 

 

2.3 Sorption studies 

In a 250 ml conical flask; the effects of variables 

were examined, including pH, time in contact, adsorbent 

weight & adsorbate concentration as shown Figure 2. 

1.5g of powdered Congo red dye was added to 1.0L of 

water/solvent to create the dye stock aqueous solution, 
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which had a concentration of 1500 PPM. Additionally, a 

synthetic sample was made, 50 ml of working solution 

were taken for analysis, and various concentrations 

were created by a series of dilutions using RO water [30]. 

All of the flasks were kept in the shaker at 150 rpm and 

25°C for a predetermined period of time, which ranged 

from 20 to 140 minutes, at 20-minute intervals. Varying 

quantities of adsorbent (0.5–4.0 gm) were added to each 

flask shown in figure 2, Adsorbate initial concentration 

was varied. Each 250 ml flask contained 50 ml Congo 

red dye, which ranged in conc. from 10 - 5000 mg/L. A 

pH meter and a diluted 0.1 M HCl and 0.1 M NaoH were 

added to balance the pH of each flask between 2 and 

12. The absorbance of the supernatant water then 

measured after the solution filtered and the flasks were 

taken out. For both Physically activated Carbon (PAC) 

and chemically activated Carbon (CAC) all the 

experiments were carried out in three trails and two 

consecutive results were considered for % removal 

calculation [31]. 

 

Figure 2. Batch Studies with Operating Parameters 

𝐴𝑑𝑠𝑜𝑟𝑝𝑡𝑖𝑜𝑛 % =  (𝐶0 − 𝐶𝑒) / 𝐶0 ∗  100 

Where Ce = CR dye's final molarity (mg/L) and 

Co = beginning molarity (mg/L).  

Parthenium hystherophorous's adsorption 

capacity, which was determined using the mass balance 

technique  

Qe=(C0-Ce)*V/W, Qe = Parthenium 

hysterophores is adsorption capacity (mg/g). 

V & m volume (L) & adsorbent's mass (g) 

respectively. 

 

2.4 Fixed Bed Column Studies (FBC) 

 Glass column/ jar were taken to carry 

continuous-flow fixed-bed adsorption test shown in 

figure 3. To support the intake and outlet pipes, a 2 cm 

rubber cork was positioned at both the ends of carbon in 

a column. In order to achieve a bed height of 10 cm, 

column was filled with 5 cm of pebbles at both the top 

and bottom, followed by 1.7 cm glassed wool, glass 

beads, and mesh to prevent carbon from floating. The 

adsorbent was packed individually in the column. For 

this investigation, an adsorbent (10 cm)-filled column of 

5.5cm= dia & 38cm=height was used. A synthetic dye 

solute with an initial conc. of 1000 mg/l was taken to 

charge the column, which was then operated at an 

average flow rate = 10 ml/min. A double-beam UV/visible 

spectrophotometer were used to detect the remaining 

dye concentration after samples were taken at 

predetermined intervals of time [32]. Up-flow mode was 

used to operate the column, Column studies were 

carried for Congo red dye in a Fixed bed column with 

height 10cm, mass of carbon 50g, Bulk density=0.255 

g/cm3, porosity=0.40, Hydraulic retention time 7.85 min. 

a physically activated carbon is used as adsorbent [33]. 

Figure 3. Treatment of dye using fixed bed column 

To monitor Treatment of dyes and to record its 

initial and final concentration IOT (Internet of Things) 

was used shown in figure 4. Also it monitors pH at initial 

and final outlet. for this technique pH sensor and Colour 

sensor –(TCS 34725 with RGB sensor) was used with 

Signal conditioning board which convert analog to digital 

and microcontroller device Aurdino UNO and IR 

(Inferred Sensors were used to detect the object as 

shown in figure 4 [34]. 

 

3. Result and Discussions 

3.1 Effect of Initial dye concentration 

 By altering the carbon content (10–5000 mg/L), 

the adsorption of dyes on carbon was investigated. 

However, it steadily declines when fewer adsorption 

sites become accessible, given the inhibitory effects of 

high dye concentrations demonstrated in this 

experiment, a lower percentage of decolorisation was 

seen at high dye concentrations. This implies that the 

initial dye concentration influenced the percentages of 

dye decolorisation since it offers a strong driving force to 

overcome all of the dye's mass transfer resistances 

between the aqueous and solid phases [35]. 
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Figure 4. Shows Components of IOT system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Graph shows Adsorbate vs % Removal at constant pH=8.5, Adsorbent=2.0 g, Contact time = 60 min). 

 

3.2 Effect of Adsorbent Dosage 

By adjusting the adsorbent dosage from 0.5 g to 

4.0 g to dye conc. of 50 mg/L, the percentage of dyes 

eliminated been investigated. The impact of adsorbent 

dose was examined in an effort to improve CR dye 

removal. As the amount of adsorbent rises, figure 5 

shows clearly show that the clearance % of CR dyes 

increases prior to stabilization. Up to a maximum 

efficiency (~99%), the removal rose as the adsorbent 

dosage grew; beyond that, the dye removal did not 

improve further, suggesting that even with the use of 

huge amounts of adsorbents, a complete dye removal 

was not possible. 3.0 g of adsorbent was employed for 
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the subsequent equilibrium investigations. The 

adsorption potential reduced as the adsorbent dose 

rised when an excessive amount was added to the dye 

solution. The adsorption capacity for PAC & CAC 

decreased as the adsorbent carbon weight was 

increased from 0.5 to 4g. This might be due to 

overlapped adsorption sites. Because dye ion transit to 

the active adsorption sites is likewise restricted, 

overcrowding of adsorbent particles reduces adsorption 

effectiveness [36]. 

 

3.3 Effect of time 

Figure 6 shows how contact time affects the 

elimination of unmodified Parthenium hysterophorus at 

various equilibration times. It suggests that as contact 

duration rose, so did the rate of colour loss. The 

adsorbent's % removal of CR dye was fast for the first 

60 minutes, following which it progressed more slowly 

and eventually reached saturation at various contact 

times for varying dye starting concentrations. Because 

of the adsorbent's wide surface area accessible to 

adsorption in dye ions, the rate of adsorbate removal is 

initially greater. Because there were so few active sites 

on the surface of the sorbent, the amount of dye 

absorption increased relatively little over time [37]. The 

relationship between contact time and percentage 

removal for a fixed adsorbate concentration is further 

illustrated in Figure 7. 

 

3.4 Effect of pH 

Over a pH range of 2 to 12, the impact of starting 

pH on the bio-adsorption percentage of CR dye was 

investigated; the results showed that the dye removal 

was lowest at starting pH 2. As the pH was raised from 

2 to 12, more dye was adsorbed (Figure 8). After pH 8 

it’s not substantial. Because of this, pH 8.5–9.0 was 

chosen for next equilibrium research.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Contact Time vs % Removal at constant pH=8.5, Adsorbate concentration = 1500PPM, Adsorbent = 

2.0g) 

Figure 6. Adsorbent vs % Removal, at constant pH=8.5, Adsorbate = 1500 PPM, Contact time = 60 min) 
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Figure 8. Graph shows pH vs % Removal, where at constant Time= 60 min, Adsorbate concentration =1500PPM,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. SEM analysis of PAC with macropores Adsorbent=2.0g) 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. SEM analysis of CAC with micropores & mesopores 
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Figure 11. FTIR analysis of PAC with wavenumber 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. FTIR analysis of CAC with wavenumber 

The dyes get protonated at low pH, and the 

electrostatic repulsion in protonated dyes and +ve 

charged adsorbent sites leads to lower adsorption, 

according to adsorption tests. pH not only act in 

adsorption it also play vital role in Human health, aquatic 

and other Environmental sustainability concerns [38]. 

Scanning Electtron Microscope (SEM) analysis 

was used to see how the carbon's shape changed. The 

interaction b/w adsorbent & adsorbate can be linked to 

the porosity in the biosorbent structure shown in figure 9 

and 10. SEM analysis was performed both for dye 

loaded and unloaded carbon where Micro, Meso and 

Macro Pores were observed which make dye molecule 

to adsorb in larger quantity makes adsorption favorable, 

where it shows heterogeneous and Amorphous in 

nature. 

Fourier Transform Infrared Spectroscopy (FTIR) 

Spectra of the Parthenium Carbon was analyzed before 

and after Adsorption to know the Functional Group and 

also know stretching and bending based on position of 

the peak in the figure 11 & 12 it shows FT IR analysis of 

PAC where peak 3623-3462 cm-1 shows presence of –

OH hydroxyl group, 3314 cm-1 shows Amine (-NH), 3153 

cm-1 = C-H Aromatic, where 1635 cm-1 C=O carbonyl 



Vol 7 Iss 5 Year 2025      M. Rakesh et al., /2025 

Int. Res. J. Multidiscip. Technovation, 7(5) (2025) 210-222 | 217 

which are favorable for adsorption. Same in CAC FT IR 

3380 cm-1 show –OH group, C=C at 1583 cm-1 and C-

H,C-O at 1416-1196 cm-1  

 

4. Results of FBC & IOT 

The adsorption with FBC was carried out from 1 

to 880 min (Figure 13), with a continous flow at flow rate 

10ml/min,with initial conc. of dye 1000 mg/L (Co), the 

conc. of dye at outlent with respect to time t is taken as 

Ct in the interval of every 60 min, breakthrough was 

attained at 249 min where Ct/Co is 0.05 and bed reached 

saturation at 813 min where Ct/Co is 0.95 shown in table 

1, total 8.8L of dye treated and 5.6g of dye removed and 

breakthrough was shown in figure 13. 

Table 2 shows data obtained by IOT tool where 

IR sensors and colour sensor where places near the inlet 

& exist point of FBD which recored in a programmed mail 

id which helpful to identify the dye concentration at both 

inlet & outlet also documented without manpower [39]. 

 

Table 1. Results of Column Studies with Breakthrough 

Sl No Time(min) Ct (mg/L) Ct/Co % Removal 

1 60 0.04 4e-05 99.996 

2 120 0.08 8e-05 99.992 

3 180 1.66 0.00166 99.834 

4 240 30.44 0.03044 96.956 

4.5* 249.14 50 0.05 95 

5 300 158.81 0.15881 84.119 

6 360 197.6 0.1976 80.239 

7 400 288.4 0.2884 71.16 

8 460 386.8 0.3868 61.32 

9 520 465.1 0.4651 53.49 

10 580 598.4 0.5984 40.16 

11 640 746.8 0.7468 25.32 

12 700 856.6 0.8566 14.34 

13 760 916.4 0.9164 8.36 

13.5* 813.33 950 0.95 5.0 

14 820 954.2 0.9542 4.58 

15 880 954.7 0.9547 4.53 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13. Breakthrough curve for fixed bed column studies from Time 1 to 880 min 
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Table 2. Results obtained from IOT with RGB values 

Date Time Initial Conc. In PPM Final Conc. In PPM RGB values 

24/7/25 06:23 PM 10 0.0233 (26.0, 21.69, 17.18) 

24/7/25 06:27 PM 100 0.0064 (16.0, 31.49, 19.16) 

24/7/25 06:27 PM 500 0.02865 (21.0, 18.69, 30.32) 

24/7/25 06:27 PM 1000 0.07958 (23.1, 26.49, 19.18) 

24/7/25 06:29 PM 1500 0.04880 (22.0, 26.69, 15.18) 

 

 

 

 

 

 

 

 

 

Figure 14. Freundlich isotherm with Regression equation shows adsorption is heterogeneous 

 

 

 

 

 

 

 

 

 

Figure 15. Langmuir isotherm with Regression equation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16. Thomas model with Regression equation for Column studies 
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By recording the Ce mg/L the final conc. of 

Column studies Adsorption isotherm was Fitted in to 

both Freundlich and Laungmuir isotherm figure 14 & 15. 

This shows the interconnection b/w the quantum of 

adsorbate adsorbed per unit mass of adsorbent. 

Langmuir isotherm innumerate monolayer adsorption 

onto homogeneous surface and freundlich isotherm is 

for multilayer adsorption on to heterogeneous layer. 

According to regression Freundlich isotherm shows best 

fit R2 = 0.992, shows Adsorbent is Multilayer. 

The figure 16 shows the experimental Ct values 

compared with the Thomas model predictions for both 

linearized and non-linear regression fits for Congo Red 

adsorption in an FBC. Non-linear regression 

parameters: kth = 9.094688e-06 L/(mg/min), q0 = 

104.05 mg/g; R² (Ct) = 0.9943. Thomas Model Linear Fit 

for Congo Red The Thomas model was fitted in its 

linearized form, using log(C0/Ct − 1) vs T, regression 

yielded following equation and fit parameters: ln(C0/Ct - 

1) = (-0.009569)·t + (5.001124), R² = 0.9749,h hence the 

breakthrough results obtained from column studies were 

validated [40, 41]. 

 

5. Conclusion 

To achieve the objective of current study the 

batch studies and column studies were initiated on basis 

of dynamic experimental conditions such as adsorbent 

dosage, time, pH & adsorbate conc. the adsorption of 

dyes is pH dependent and this study showed that the 

adsorbent adsorbed better in in alkaline medium, 8.5 pH 

considered as optimum. The both adsorbent dosage & 

contact time have influence over adsorption efficiency 

this was effectively observed, Increase in the adsorbent 

dose increase the percentage removal up-to 3g for 

1000ppm.if more adsorbent is added to solution 

decrease in removal maybe because of overlapping 

adsorption sites brought on min considered as optimum 

contact time, Main point in this study was rise in the % 

removal turns to reduce in Qe (mg/g) (dye adsorbed on 

AC) & vise-versa. Column studies shows 90-95% of 

removal for 1000ppm concentration at flow rate 100 

ml/min. best suit for Freundlich isotherm where R2= 

0.992. Breakthrough was achieved at 240 min. Hence 

parthenium was the ideal and cheaply available 

adsorbent with high removal capacity. Limitations 

observed in this study was pH should be maintained with 

respect to nature of dye to achieve max adsorption and 

parthenium is allergic weed need proper precautions 

while extraction and activation, with proper care and 

balance in pH parthenium weed will be the best low cost 

and widely available adsorbent for dye removal.  

 

6. Scope for future work 

Work may extend to Different Categories of dyes 

like Basic, Direct, Reactive Etc. using Parthenium weed 

carbon. Industrial sector can adopt the methodology of 

physically activated parthenum carbon for dye removal 

not only in textile it’s applicable to many industries which 

use dyes in manufacturing activities. Recycle and reuse 

for gardening & other activities after tertiary treatment 

makes environment sustainable. 

 

References 

[1] A. Azanaw, B. Birlie, B. Teshome, M. Jemberie, 
Textile effluent treatment methods and eco-
friendly resolution of textile wastewater. Case 
Studies in Chemical and Environmental 
Engineering, 6, (2022) 100230. 
https://doi.org/10.1016/j.cscee.2022.100230  

[2] C.V. Nachiyar, A.D. Rakshi, S. Sandhya, N.B.D. 
Jebasta, J. Nellore, Developments in treatment 
technologies of dye-containing effluent: A review. 
Case Studies in Chemical and Environmental 
Engineering, 7, (2023) 100339. 
https://doi.org/10.1016/j.cscee.2023.100339  

[3] C.R. Holkar, J.A. Jadhav, D. Pinjari, M.N. 
Mahamuni, B.A. Pandit, A critical review on textile 
wastewater treatments: Possible approaches. 
Journal of Environmental Management, 182, 
(2016) 351-366. 
https://doi.org/10.1016/j.jenvman.2016.07.090  

[4] A.P. Periyasamy, A review of bioremediation of 
textile dye containing wastewater. Cleaner Water, 
4, (2025) 100092. 
https://doi.org/10.1016/j.clwat.2025.100092  

[5] X. Wang, J. Jiang, W. Gao, Reviewing textile 
wastewater produced by industries: 
characteristics, environmental impacts, and 
treatment strategies. Water Science & 
Technology, 85(7), (2022) 2076. 
https://doi.org/10.2166/wst.2022.088  

[6] R.A. Tohamy, S.S. Ali, F. Li, M.K. Okasha, A.G. 
Yehia, Tamer Elsamahy, H. Jiao, Y. Fu, J. Sun, A 
critical review on the treatment of dye-containing 
wastewater: Ecotoxicological and health concerns 
of textile dyes and possible remediation 
approaches for environmental safety. 
Ecotoxicology and Environmental Safety, 231, 
(2022) 113160. 
https://doi.org/10.1016/j.ecoenv.2021.113160  

[7] R. Ahmad, K. Ansari, Comparative study for 
adsorption of congo red and methylene blue dye 
on chitosan modified hybrid nano composite. 
Process Biochemistry, 108, (2021) 90-102. 
https://doi.org/10.1016/j.procbio.2021.05.013  

[8] S. Wang, J. Dou, T. Zhang, S. Li, X. Chen, 
Selective Adsorption of Methyl Orange and Congo 
red by Porous Carbon Material Prepared from 
Potassium Citrate. ACS Omega, 8, (2023) 
35024−35033. 
https://doi.org/10.1021/acsomega.3c04124  

[9] N.R. Thimmasandra, V.K. Devarahosahally, A. 
Ashwini, T.R. Manasa, Calcium hydroxide as low 
cost adsorbent for the effective removal of indigo 

https://doi.org/10.1016/j.cscee.2022.100230
https://doi.org/10.1016/j.cscee.2023.100339
https://doi.org/10.1016/j.jenvman.2016.07.090
https://doi.org/10.1016/j.clwat.2025.100092
https://doi.org/10.2166/wst.2022.088
https://doi.org/10.1016/j.ecoenv.2021.113160
https://doi.org/10.1016/j.procbio.2021.05.013
https://doi.org/10.1021/acsomega.3c04124


Vol 7 Iss 5 Year 2025      M. Rakesh et al., /2025 

Int. Res. J. Multidiscip. Technovation, 7(5) (2025) 210-222 | 220 

carmine dye in water. Journal of Saudi Chemical 
Society, 21(2), (2017) 165–171. 
https://doi.org/10.1016/j.jscs.2015.03.001  

[10] M.M. Islam, A.R. Aidid, J.N. Mohshin, H. Mondal, 
S. Ganguli, A.K. Chakraborty, A critical review on 
textile dye-containing wastewater: Ecotoxicity, 
health risks, and remediation strategies for 
environmental safety. Cleaner Chemical 
Engineering, 11, (2025) 100165. 
https://doi.org/10.1016/j.clce.2025.100165  

[11] G. Swati, S. Haldar, A. Ganguly, P. K. Chatterjee, 
Review on Parthenium hysterphorus as a 
potential energy source. Renewable and 
Sustainable Energy Reviews, 20, (2013) 420–
429. https://doi.org/10.1016/j.rser.2012.12.011  

[12] H.P.D. Carvalho, J. Huang, M. Zhao, G. Liu, L. 
Dong, X. Liu, Improvement of Congo red removal 
by electrocoagulation/banana peel adsorption 
coupling in a batch system. Alexandria 
Engineering Journal, 54(3), (2015) 777–786. 
https://doi.org/10.1016/j.aej.2015.04.003  

[13] M. Rakesh, T.V. Mallesh, Adsorption of Dyes from 
Textile Effluent Using Low Cost Adsorbents-A 
Comprehensive Review. The Journal of Industrial 
Technology, 17(03), (2020) 16-27. 

[14] M.S. Miah, M.S. Hossain, M.S. Ali, S. B. Shahid , 
S. Sharmin, H.M. Zakir, Textile effluent treatment 
in a pilot-scale UASB bioreactor followed by 
biofilter and aerobic processes. Case Studies in 
Chemical and Environmental Engineering, 11, 
(2025) 101075. 
https://doi.org/10.1016/j.cscee.2024.101075 

[15] A. Khan, J.Z.H. Peiwen, C. Ni, A comprehensive 
review on adsorptive removal of azo dyes using 
functional materials, AQUA — Water 
Infrastructure. Ecosystems and Society, 73(2), 
(2024) 266-285. 
https://doi.org/10.1016/j.cropro.2014.11.005  

[16] Tanveer , A. Khaliq , H. H. Ali , G. Mahajan, B. S. 
Chauhan, Interference and management of 
parthenium: The world's most important invasive 
weed. Crop Protection 68 (2015) 49-59. 
http://dx.doi.org/10.1016/j.cropro.2014.11.005  

[17] N.S. Ng’ang’, N.E. Wanj, W. R. Ndut, G.J. 
Mwangi, Fixed-Bed Column Adsorption Studies of 
Congo red Dye from an Aqueous Solution Using 
Silicon Nitride Adsorbent Synthesized from Sand 
and Coffee Husk Wastes. Progress in Chemical 
and Biochemical Research, 7(3), (2024) 283-292. 
https://doi.org/10.48309/PCBR.2024.446161.134
3  

[18] M.M. Rahman, M. Maniruzzaman, N. ealam, P. 
Mahmud, S. Khatun, M.K. Hossain, et.al, 
Adsorptive removal of toxic heavy metal and dyes 
from wastewater by rice husk (lignocellulosic 
biomass) derived activated biochar: A fixed-bed 
column adsorption study. Carbohydrate Polymer 
Technologies and Applications, 9, (2025) 100698. 
https://doi.org/10.1016/j.carpta.2025.100698  

[19] A.M. Abubakar, N. Nazar, A.A. Yusuf, E.A. Idama, 
M.N. Arowo, Hasanuzzaman, A. Alam, Al-amin, 
B.C. Ghos, Development of low-cost adsorbents 
from coconut shell for energy-efficient dye 
removal from laboratory effluent discharge. 
Measurement: Energy, 7, (2025) 100057. 
https://doi.org/10.1016/j.meaene.2025.100057  

[20] V. Parimelazhagan, G. Jeppu, N. Rampal, 
Continuous Fixed-Bed Column Studies on Congo 
Red Dye Adsorption-Desorption Using Free and 
Immobilized Nelumbo nucifera Leaf Adsorbent. 
Polymers, 14, (2022) 54. 
https://doi.org/10.3390/polym14010054  

[21] A.Y. Aggour, E.R. Kenawy, M. Magdy, E. 
Elbayoumy, Multifunctional copolymers for 
brilliant green dye removal: adsorption kinetics, 
isotherm and process optimization. Royal Society 
of Chemistry, Environmental Science Advancse, 
4, (2025) 787–808. 
https://doi.org/10.1039/D4VA00404C  

[22] S. Noreen, H. N. Bhatti, M. Iqbal, F. Hussain, and 
F. M. Sarim, Chitosan, starch, polyaniline and 
polypyrrole biocomposite with sugarcane 
bagasse for the efficient removal of Acid Black 
dye, International Journal of Biological 
Macromolecules, 147, (2020) 439–452. 
https://doi.org/10.1016/j.ijbiomac.2019.12.257  

[23] N.J. Suyog, R.S. Tamboli, S.D. Sutar, R.S. 
Jadhav, V.J. Marathe, A.A. Shaikh, A.A. Prajapati, 
Batch and continuous studies for adsorption of 
anionic dye onto waste tea residue: Kinetic, 
equilibrium, breakthrough and reusability studies. 
Journal of Cleaner Production, 252, (2020) 
119778. 
https://doi.org/10.1016/j.jclepro.2019.119778  

[24] A.N. Alene, G.Y. Abate, A.T. Habte, Bioadsorption 
of Basic Blue Dye from Aqueous Solution onto 
Raw and Modified Waste Ash as Economical 
Alternative Bioadsorbent. Hindawi Journal of 
Chemistry, (2020) 8746035. 
https://doi.org/10.1155/2020/8746035  

[25] S. Husien, R.M.E. taweel, A.I. Salim, I.S. Fahim, 
L.A. Said, A.G. Radwan, Review of activated 
carbon adsorbent material for textile dyes 
removal: Preparation, and modeling. Current 
Research in Green and Sustainable Chemistry, 5, 
(2022) 100325. 
https://doi.org/10.1016/j.crgsc.2022.100325  

[26] P. Jayaraman, K.K. Nagarajan, P. Partheeban, V. 
Krishnamurthy, Critical review on water quality 
analysis using IoT and machine learning models. 
International Journal of Information Management 
Data Insights, 4, (2024) 100210. 
https://doi.org/10.1016/j.jjimei.2023.100210  

[27] H. Lata, V.K. Garg, R.K. Gupta, A Removal of a 
basic dye from aqueous solution by adsorption 
using Parthenium hysterophorus: An agricultural 
waste. Dyes and Pigments, 74(3), (2007) 653-
658. https://doi.org/10.1016/j.dyepig.2006.04.007 

https://doi.org/10.1016/j.jscs.2015.03.001
https://doi.org/10.1016/j.clce.2025.100165
https://doi.org/10.1016/j.rser.2012.12.011
https://doi.org/10.1016/j.aej.2015.04.003
https://doi.org/10.1016/j.cscee.2024.101075
https://doi.org/10.1016/j.cropro.2014.11.005
http://dx.doi.org/10.1016/j.cropro.2014.11.005
https://doi.org/10.48309/PCBR.2024.446161.1343
https://doi.org/10.48309/PCBR.2024.446161.1343
https://doi.org/10.1016/j.carpta.2025.100698
https://doi.org/10.1016/j.meaene.2025.100057
https://doi.org/10.3390/polym14010054
https://doi.org/10.1039/D4VA00404C
https://doi.org/10.1016/j.ijbiomac.2019.12.257
https://doi.org/10.1016/j.jclepro.2019.119778
https://doi.org/10.1155/2020/8746035
https://doi.org/10.1016/j.crgsc.2022.100325
https://doi.org/10.1016/j.jjimei.2023.100210
https://doi.org/10.1016/j.dyepig.2006.04.007


Vol 7 Iss 5 Year 2025      M. Rakesh et al., /2025 

Int. Res. J. Multidiscip. Technovation, 7(5) (2025) 210-222 | 221 

[28] A.H. Jawad, A.S. Abdulhameed and M. S. Mastuli, 
Acid-factionalized biomass material for Congo red 
dye removal: a comprehensive adsorption and 
mechanism study. Journal of Taibah University for 
Science, 14(1), (2020) 305-313. 
https://doi.org/10.1080/16583655.2020.1736767  

[29] P.M. Shashikumar, V.K. Adi, Adsorption and 
Statistical Analysis of Textile Effluent 
Contaminated with Congo red On Orange Peel. 
International Journal of Innovative Technology 
and Exploring Engineering, 8(10), (2019) 2607-
2615. 
https://doi.org/10.35940/ijitee.J9344.0881019  

[30] H. Lata, V.K. Garg, R.K. Gupta, Adsorptive 
removal of basic dye by chemically activated 
Parthenium biomass: equilibrium and kinetic 
modelling. Desalination, 219, (2008) 250–261. 
https://doi.org/10.1016/j.desal.2007.05.018  

[31] M. Ma, H. Ying, F. Cao, Q. Wang, N. Ai. 
Adsorption of congo red on mesoporous activated 
carbon prepared by CO2 physical activation, 
Chinese Journal of Chemical Engineering, 28, 
(2020) 1069–1076. 
https://doi.org/10.1016/j.cjche.2020.01.016  

[32] S. Selambakkannu, N.A.F. Othman, K.A. Bakar, 
Z.A. Karim, Adsorption studies of packed bed 
column for the removal of dyes using amine 
functionalized radiation induced grafted fiber, SN 
Applied Sciences, 1, (2019) 175. 
https://doi.org/10.1007/s42452-019-0184-2  

[33] K.H. Khalid, S. Luo, S. He, Adsorption of Congo 
red dye from the aqueous solution via bio-
adsorption in the inverse fluidized-bed adsorption 
column using the torrefied rice husk. 
Chemosphere 287, (2022) 131907. 
https://doi.org/10.1016/j.chemosphere.2021.1319
07  

[34] N.R.J. Hynes, J.S. Kumar, H. Kamyab, J.A.J. 
Sujana, O.A.A. Khashman, Y. Kuslu, A. Ene, B. 
Suresh Kumar, Modern enabling techniques and 
adsorbents based dye removal with sustainability 
concerns in textile industrial sector -A 
comprehensive review. Journal of Cleaner 
Production, 272, (2020) 122636. 
https://doi.org/10.1016/j.jclepro.2020.122636 

[35] A. M. Mengistu, A.W. Gebeyehu, E. Alemayehu, 
Adsorption of Basic Blue 41 textile dye from 
aqueous solutions using raw and activated termite 
mound: Box–Behnken optimization, kinetic, and 
isotherm modelling. Water Practice & Technology, 
20(5), (2025) 1252–1275. 
https://doi.org/10.2166/wpt.2025.055  

[36] S.N. Shankar, R.D. Divakar, K.C. Dinesh, G. 
Mantha, B. Srinivasan, P.N.K. Udaya, Adsorption 
kinetics, equilibrium and thermodynamics of a 
textile dye V5BN by a natural nanocomplex 
material: Clinoptilolite. Energy Nexus, 10, (2023) 
100197. 
https://doi.org/10.1016/j.nexus.2023.100197  

[37] J. Fito, S. Abrham, K. Angassa, Adsorption of 
Congo red from Textile Industrial Wastewater on 
to Activated Carbon of Parthenium hysterophorus. 
International Journal of Environmental Research, 
14, (2020) 501–511. 
https://doi.org/10.1007/s41742-020-00273-2  

[38] A.P. Periyasamy, Recent Advances in the 
Remediation of Textile-Dye-Containing 
Wastewater: Prioritizing Human Health and 
Sustainable Wastewater Treatment. 
Sustainability, 16, (2024) 495. 
https://doi.org/10.3390/su16020495  

[39] H.M. Forhad, M.R. Uddin, R.S. Chakrovortya, 
A.M. Ruhula, H.M. Faruka, Sarker 
Kamruzzamana, N. Sharmina, AHM Shofiul Islam 
Molla Jamal, Md. Mezba-Ul Haquec , AKM M 
Morshed, IoT based real-time water quality 
monitoring system in water treatment plants 
(WTPs). Heliyon A cell Press journal, 10(23), 
(2024) e40746. 
https://doi.org/10.1016/j.heliyon.2024.e40746  

[40] S.N. Topare, A.B. Shantini, Adsorption of textile 
industry effluent in a fixed bed column using 
activated carbon prepared from agro-waste 
materials. Materials Today: Proceedings, 43, 
(2021) 530–534. 
https://doi.org/10.1016/j.matpr.2020.12.029  

[41] E.O. Alegbe, T.O. Uthman, A review of history, 
properties, classification, applications and 
challenges of natural and synthetic dyes. Heliyon, 
10(13), (2024) e33646. 
https://doi.org/10.1016/j.heliyon.2024.e33646  

 

Acknowledgement 

The author would like to express special thank to 

Doctorial committee members, my wife and parents who 

supports & motivate me in every step. 

 

Authors Contribution Statement 

M. Rakesh: Methodology, Writing - Original Draft, 

Investigation, Formal Analysis, Writing - Review & 

Editing, B. H. Manjunath: Validation, Supervision, 

Resources, S. Kishor Kumar: Conceptualization, R. 

Shruthi: Formal Analysis & Editing. All the authors read 

and approved the final version of the manuscript.  

 

Funding 

The authors gratefully acknowledge the funding by 

(KSCST) Karnataka State Council for Science and 

Technology, IISc. Government of Karnataka, India. 

Grants No. 48S_BE_4458. 

 

Competing Interests 

The authors declare that there are no conflicts of interest 

regarding the publication of this manuscript. 

 

Has this article screened for similarity? 

Yes 

 

https://doi.org/10.1080/16583655.2020.1736767
https://doi.org/10.35940/ijitee.J9344.0881019
https://doi.org/10.1016/j.desal.2007.05.018
https://doi.org/10.1016/j.cjche.2020.01.016
https://doi.org/10.1007/s42452-019-0184-2
https://doi.org/10.1016/j.chemosphere.2021.131907
https://doi.org/10.1016/j.chemosphere.2021.131907
https://doi.org/10.1016/j.jclepro.2020.122636
https://doi.org/10.2166/wpt.2025.055
https://doi.org/10.1016/j.nexus.2023.100197
https://doi.org/10.1007/s41742-020-00273-2
https://doi.org/10.3390/su16020495
https://doi.org/10.1016/j.heliyon.2024.e40746
https://doi.org/10.1016/j.matpr.2020.12.029
https://doi.org/10.1016/j.heliyon.2024.e33646


Vol 7 Iss 5 Year 2025      M. Rakesh et al., /2025 

Int. Res. J. Multidiscip. Technovation, 7(5) (2025) 210-222 | 222 

Data Availability 

The data supporting the findings of this study can be 

obtained from the corresponding author upon 

reasonable request. 

 

About the License  

© The Author(s) 2025. The text of this article is open 

access and licensed under a Creative Commons 

Attribution 4.0 International License. 


