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ABSTRACT 
The growing demand for textiles has increased textile manufacturing, especially in developing countries, 
leading to severe environmental impacts from contaminated effluents. This study examined the 
adsorptive removal of Rhodamine B (RB) dye from aqueous solution using alginate-modified biochar 
beads (ALPPC, ALBPC, and ALPJC) derived from agricultural biomass: pumpkin peel (Cucurbita pepo 
L), plantain flower bracts (Musa acuminata), and mesquite tree bark (Prosopis juliflora). Biochar beads 
were prepared through ionic polymerization and characterized using SEM, FTIR, and BET analyses. 
Continuous mode adsorption experiments in a packed bed column system evaluated the effects of bed 
depth, flow rate, and influent concentration on breakthrough capacities and removal efficiency. The 
optimal column adsorption parameters for highest RB removal were: initial concentration 100 mg/L, 
flow rate 2 mL/min, and bed height 6 cm. The breakthrough curve was analyzed using Thomas and Yoon-
Nelson models, with the latter closely agreeing with experimental data. Adsorption effectiveness followed 
the order ALPJC > ALPPC > ALBPC. The results show the potential of alginate-modified biochar 
composites as effective, eco-friendly, and low-cost adsorbents for treating dye-containing effluents, 
contributing to sustainable development goals (SDGs) by addressing rural livelihoods, converting waste 
to energy, and protecting water bodies' aesthetic appearance. 
Keywords:  Water pollution, Emission control, Textile dyestuff, Rhodamine B, Biochar, Adsorption, 
Packed bed column, Breakthrough curve, Sustainable development goals 

1. INTRODUCTION 

The increased demand for textile materials has led to growth in textile manufacturers, particularly in 
developing countries, severely impacting the environment due to contaminated effluents (Yaseen and 
Scholz 2021). The global annual production of dyes and pigments is approximately 7 × 107 tons, with 
the textile industry utilizing about 10,000 tons (Al-Tohamy et al. 2022). Color plays an attractive role in 
many fields, with industries using colored pigments to increase product aesthetics. However, their toxic 
nature poses significant risks to humans and the environment. It affects aquatic systems by causing 
eutrophication, impacting photosynthetic activity, depleting dissolved oxygen (Ramesh et al. 2021), and 
altering physicochemical and biological characteristics of water bodies. It may harm humans, affecting 
kidneys, reproductive system, liver, brain, and central nervous system (Hama Aziz et al., 2023). Dye 
toxicity inhibits soil microorganisms, reducing agricultural production (Methneni et al. 2021). Thus, 
removing hazardous color compounds from wastewater before disposal is essential. Effective techniques 
include chemical precipitation (Palansooriya et al., 2019), Advanced oxidation (Yuan et al.2021; Pandis 
et al.2022), photochemical degradation (Das et al., 2024), membrane filtration (Marszałek and Zyłła 
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2021), biological treatment (Bhatia et al. 2017), and adsorption onto activated carbon (Hamad and Idrus 
2022). 

Compared with conventional methods, adsorption is favorable, eco-friendly, economical, and sustainable 
for removing pollutants. Activated carbon is preferred for eliminating pollutants from wastewater (Ezugbe 
and Rathilal, 2020). Due to the high costs of commercial activated carbon for dye adsorption, research 
on alternative adsorbents has intensified. A low-cost adsorbent requires minimal processing, is abundant, 
or is a byproduct from other industries. Some industrial and agricultural waste products, natural 
materials, and biosorbents may serve as cost-effective alternative sorbents.  

Many have been tested for dye adsorption (Bailey et al.2019), including clay minerals (Ngulube et al.2017; 
Ewis et al.2022), industrial waste residues (Piaskowski et al. 2018; Ghime and Ghosh (2020), sugarcane 
dust (Ghernaout et al.2020), kenaf fibre char (Tang 2021), sewage sludge (Latha et al.2017), acid modified 
watermelon rinds (Husein et al., 2017) , orange peels (Khalfaoui et al., 2024), and cassava peels and roots 
(De Gisi et al. 2017). Recently, research has focused on biochar as an alternative to commercial activated 
carbon due to its good fixed carbon content and highly porous structure; it also helps reduce greenhouse 
gas emissions (Mosa et al., 2023). Biochar is reported as a potential low-cost adsorbent compared to 
activated carbon (Pamila et al. 2021). Additionally, using invasive plants as precursors for biochar 
production can improve their management and protect the environment (Das et al., 2020). Most 
adsorption experiments use powdered adsorbent materials. 

 However, due to reduced particle size, poor stiffness, low density, and weak mechanical strength, it is not 
viable for large-scale dye removal processes. Separating the adsorbent becomes difficult, causing loss after 
regeneration. Immobilizing the adsorbent in a polymeric matrix could solve these issues (Abdul Mubarak 
et al., 2020). In this study, biochar powder was modified into alginate-modified biochar beads through 
ionic polymerization and used for Rhodamine B (RB) remediation. 

2. MATERIAL AND METHODS 

2.1 Preparation of adsorbate solution  

Stock solutions of basic cationic dyes selected for this study were prepared at a concentration of 1000 
mg/L by dissolving the requisite quantity of dye powder in deionized water and subsequently diluting the 
solution to the desired concentrations.  

Table 1 Characteristics of Rhodamine B 

Molecular Formula C28H31N2O3Cl 

Molecular weight (g/mol) 479 

C.I Name Acid Red 52 

C.I Number 45170 

Maximum wavelength (λmax) (nm) 554 

The solution pH was adjusted to the required level using 0.1M HCl and 0.1M NaOH. The characteristics 
and chemical structures of the dyes are presented in Table 1 and Figure 1, respectively. 
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Fig.1 Structure of Rhodamine B 

2.2 Selection and preparation of raw adsorbents from feedstock  

For the production of biochar, three different agricultural waste materials were chosen: Prosopis juliflora 
(mesquite tree) bark, Musa acuminata species (plantain flower) bracts, and Cucurbita pepo L. (pumpkin 
peels). We purchased the Prosopis juliflora bark, pumpkin peels, and plantain flower bracts from nearby 
markets. Before being used further, all of the materials described above were cleaned with distilled water 
to get rid of contaminants and dirt particles. They were then sun-dried and then oven-dried at 110°C. 
 
2.3 Preparation of biochar from Pumpkin peel (PPC), Bracts of plantain flower (BPC) and Prosopis 
juliflora bark (PJC) 

Acid activation was performed using conventional protocols to enhance the effectiveness of raw pumpkin 
peel and plantain flower bracts. The raw PPC and BPC adsorbents were submerged in 18N sulfuric acid 
until completely charred, then heated and allowed to evolve fumes. The carbonized materials were rinsed 
with distilled water until neutrality, sun-dried, and heated for an hour at 350°C in a tube furnace. The 
heating rate was 5°C per minute. After pulverization and sieving to 200–300 μm, the biochar samples 
were designated PPC and BPC for further tests. Similarly, raw Prosopis juliflora bark adsorbents were 
immersed in sulfuric acid and prepared until complete charring occurred. The mixture was comminuted 
using a domestic grinder. The dried sample was heated in a tubular furnace under nitrogen atmosphere 
at 600°C for an hour, with a heating rate of 5°C/min. The biochar was cooled to room temperature, 
ground, and sieved to 200–300 μm, labeled as PJC, and used for further studies. 

2.4 Preparation of alginate-modified biochar beads (ALPPC, ALBPC, ALPJC)  

For preparing alginate-modified biochar beads, one part sodium alginate powder was placed in a 250 mL 
conical flask with 100 mL double-distilled water and agitated using a magnetic stirrer (REMI make) until 
a viscous gelatinous solution formed. Then, 1 part biochar (PJC, PPC, and BPC) was added and stirred 
until a homogeneous gel formed (Kumar et al. 2013). The gel was introduced dropwise into a calcium 
chloride solution and left for 3 h. The excess solution was rinsed with double distilled water, air-dried, 
subjected to hot air oven treatment, and designated as ALPJC, ALPPC, and ALBPC. Images of the 
alginate biochar beads are shown in Figure 2 a), b), and c). 
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Fig. 2 Images of (a) ALPPC (b) ALBPC and (c) ALPJC 

2.5 Adsorbents Characterization  

Characterization studies are crucial to evaluate adsorbents' surface shape and physicochemical 
characteristics. Surface area characteristics were measured using a surface area analyzer (BELSORP mini 
II). The Brunauer-Emmett-Teller (BET) equation was used to measure the adsorbent samples' surface area 
using N2 adsorption-desorption after preheating between 200°C and 300°C. The adsorbents' surface area 
was expressed as m2/g. Scanning Electron Microscopy (SEM) analysis visualized constituents before and 
after adsorption, and the surface shape and microstructure of adsorbents. Samples were coated with a 
thin gold film before analysis. The JSM - 5610LV (JEOL - JAPAN) SEM examined the adsorbents' 
morphological characteristics. Fourier Transform Infrared (FTIR) spectroscopy analyzed the functional 
groups responsible for adsorption and surface functionalities. Adsorbent samples were prepared into 
translucent discs using KBr pellets. FTIR analysis using a Perkin Elmer spectrometer was performed in 
the 400 cm-1–4000 cm-1 wavelength range. 

2.6 Column adsorption studies 

Batch mode studies assessed adsorbents' capacity to eliminate pollutants at the laboratory-scale level. 
However, for practical applications, continuous-mode studies are necessary due to insufficient retention 
time. Packed bed fixed columns are more suitable for industrial applications to conduct adsorption 
experiments in a continuous process, as adsorbents maintain prolonged contact with wastewater in 
columns. Continuous mode adsorption studies for RB dye removal were conducted in a glass column 
(2.5 cm diameter, 18 cm length; Figure 3) packed with specific amounts of adsorbents for bed heights of 
2cm, 4.5cm, and 6cm. Flow rates ranged from 2 ml/min, 4 ml/min, and 6 ml/min with inlet 
concentrations of 100 mg/L, 200 mg/L, and 300 mg/L. The dye solution was propelled upward into the 
column using a peristaltic pump and flowed through the sorbent bed where sorption occurred. Samples 
exiting the column were collected at regular intervals and analyzed for dye concentration using a UV-
visible Spectrophotometer at a maximum wavelength (λmax) of 554 nm. 
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Fig. 3 Packed Bed Column 

2.7 Column Breakthrough Curves 

The efficiency of the packed bed column was obtained by drawing breakthrough curves. The duration 
and shape of the resultant breakthrough curve are critical in influencing the adsorption process and the 
dynamic responsiveness of a fixed-bed column for dye removal. The breakthrough curves are plots of 
Ct/Co versus time. The total volume of effluent (Veffluent) is calculated using the equation below, 

Veffluent = Q. ttotal 

where, total is the total flow time (min) and Q is the flow rate (mL/min). The total amount of dye 
adsorbed (qtotal) is calculated by integrating the product of the area (A) under the breakthrough curve and 
its rate of flow using the below equation, 

 

where, Q is the flow rate of the feed (mL/min), Cad is the concentration of dye adsorbed at a given 
time t. The total quantity of dye (mtotal) fed to the column is calculated as 

 

where, Co is the initial concentration of the dye in (mg/L), Q is the flow rate of the feed (mL/min), ttotal 
is the total flow time (min). The total removal % is obtained from the below equation 

 

 In the above equation, qtotal is the total amount of dye adsorbed and mtotal is the total quantity of dye fed 
to the column     

2.8 Column Adsorption Modelling Studies  

Experimental data obtained from laboratory-scale column investigations were used to analyze the 
behavior of continuous-mode adsorption processes. To assess the efficacy and application of column 
settings for large-scale activities, a number of mathematical models have been created. The 
breakthrough curves observed for different flow rates, bed heights, and inlet dye concentrations were 
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predicted using the Thomas and Y-N models, which were used in this experiment to examine the 
column performance. 
 

2.8.1 Thomas model 

The Thomas model in its linearised form is given below  

𝑙𝑛 (
𝐶𝑜

𝐶𝑡
− 1 ) =  

𝐾𝑡ℎ𝑞𝑜𝑋

𝑄
−  

𝐾𝑡ℎ𝐶𝑜

𝑄
𝑉𝑒𝑓𝑓 

where, Q refers to flow rate of the effluent (mL/min), Co is the concentration at inlet (mg/L), Ct is the 
outlet concentration (mg/L), qo is the maximum uptake capacity (mg/g), X refers to the mass of the 
adsorbent (g), Veff is the volume of the effluent (mL), Kth is the Thomas constant. The Kth and qo values 
are derived from the slope & intercept of [(Co/Ct) - 1] vs Veff plot. 

 

2.8.2 Yoon - Nelson (Y-N) model 

The Yoon - Nelson model in its linearised form is given below 

𝑙𝑛 (
𝐶𝑜

𝐶𝑜 −  𝐶𝑡
) =  𝐾𝑌𝑁 𝑡 −  𝜏 𝐾𝑌𝑁 

where, Co & Ct are the concentrations of the inlet and effluent, kYN is the Y-N constant (min-1), 𝜏 is the 
time for 50% breakthrough (minutes) and t is the time for breakthrough of the sample in minutes. The 
values of kYN and τ can be obtained from the slope and intercept of ln (Ct/Co-Ct) vs t plot.  

2.9 Desorption and Regeneration Studies 

The ability of the prepared adsorbents to be reused was evaluated by performing desorption-regeneration 
studies. Many elutants, namely 0.1 M HCl, NaOH, Na2CO3 and EDTA, were used to desorb the 
pollutants from the loaded adsorbents. Each of the spent biosorbents was placed in 250 mL Erlenmeyer 
flasks, allowed to contact 100 mL of each elutant, and agitated for 120 min at 150 rpm. The decanted 
solution was centrifuged at 2000 rpm for 10 min, and the concentration of the supernatant was 
spectrophotometrically determined. After desorption, the pollutant-free adsorbents were thoroughly 
cleaned with water and subjected to adsorption analysis. The adsorption-desorption process was repeated 
several times until the efficiency was reduced. 

3. RESULTS AND DISCUSSION 

3.1 Characterization of alginate-modified biochar composite beads (ALPPC, ALBPC, ALPJC) 

Figure 4(a), (b), and (c) show SEM images of the alginate-modified biochar composite beads ALPPC, 
ALBPC, and ALPJC, respectively.  
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Fig. 4(a) SEM image of ALPPC 

In general, all the surfaces of the alginate-modified biochar samples were found to be slightly smooth, 
with cracks formed owing to the swelling action of alginate, which resulted in an increase in the surface 
area, which facilitated the binding of cations from the aqueous solution. 

 

Fig. 4(b) SEM image of ALBPC 

 

 

Fig. 4(c) SEM image of ALPJC 
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Fig. 5 FTIR images of (a) PPC & (b) ALPPC 

  

Fig. 6 FTIR images of (a) BPC & (b) ALBPC 

 

Fig. 7 FTIR images of (a) PJC & (b) ALPJC             

To understand the changes in the functional groups of the raw biochar and alginate-modified biochar 
composites, the FT-IR spectra are illustrated in Figure 5a) and b). Figure 5a) shows the FTIR Spectrum of 
PPC, indicating several adsorption peaks. The broad peak at 3388.32 cm-1 was due to the (O-H) hydroxyl 
group. Peaks in the range of 2919.7 cm-1 to 2851.24 cm-1 represent symmetric or asymmetric C-H bond 
stretching of methyl groups. Peaks at 1698.02 cm-1, 1608.34 cm-1 and 1408.75 cm-1 represent C=O 
stretching of carboxylic acid and ester bonds. Peaks at 1251.58 cm-1, 1094.4 cm-1 and 612.9 cm-1 
represent stretching of ionic and carboxylic groups. The FTIR spectrum of ALPPC, shown in Figure 5 b), 

(a) 

(b) 

(b) 

(a) 

(a) 

(b) 
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displays prominent peaks at 3230 cm-1, 2924.26 cm-1, 1625 cm-1 and 1024 cm-1. The shift in wave 
numbers and appearance of new peaks confirmed the existence of several functional groups and proper 
bonding between the biochar and alginate.            

Figure 6 a) shows the FTIR spectrum of BPC. The peak at 3356 cm-1 represents O-H group stretching. 
Peaks at 2926.45 cm-1 indicate methyl group stretching, and symmetric carboxylic group (-COO) 
stretching vibrations appear at 1575.56 cm-1. The peak at 1373.07 cm-1 represents symmetrical stretching 
of -COO pectin, while the peak at 1114.65 cm-1 is attributed to alcohol and acid stretching vibrations. 
The peak at 768.49 cm-1 is due to C-H stretching of Alkynes and Aryl groups. Figure 6 b) shows -OH 
group stretching and additional peaks from carboxylic group interaction with sodium alginate. Figure 7a) 
shows the FTIR spectrum of PJC, with peaks at 3387 cm-1, 2924.52 cm-1, 2318.98 cm-1, 2110.71 cm-1, 
1987.29 cm-1 and 1371.14 cm-1. Figure 7 b) shows the FTIR Spectrum of ALPJC, with a broad band at 
3350.71 cm-1 from C-H stretching of hydroxyl, aliphatic, and amine groups. These groups enable 
electrostatic interactions between dye molecules and adsorbents. Figure 7 b) provides evidence for -OH 
bond stretching at 3412 cm-1, 2724.74 cm-1, 1417.44 cm-1, 1370 cm-1, 1022 cm-1, 717.23 cm-1, 
confirming various functional groups on ALPJC's surface. 

 The Brunauer-Emmet-Teller (BET) surface area analysis results showed that the surface area of alginate-
modified biochar is 6.82 m²/g, 6.13 m²/g and 8.19 m²/g for ALPPC, ALBPC and ALPJC, respectively. 
The surface area increased due to alginate polymer deposition on the biochar surface (Negrea et al.2020). 
The mean pore diameter of alginate-modified biochar is 19.04 nm, 26.12 nm and 16.32 nm for ALPPC, 
ALBPC and ALPJC respectively, indicating mesoporous adsorbents. The total pore volume of alginate-
modified biochar is 0.106 cm3/g, 0.094 cm3/g and 0.073 cm3/g for ALPJC, ALPPC and ALBJC, 
respectively. 

3.2 Column adsorption studies  

Continuous mode studies are essential for real-time applications. A packed-bed fixed column is an 
efficient method for cyclic sorption-desorption in process applications. Furthermore, the packed column 
offers various intrinsic advantages, such as ease of operation, cost-effectiveness, and precise adaptation to 
real-world wastewater systems. Continuous mode adsorption studies for the removal of RB dyes were 
conducted in a glass column 2.5 cm in diameter and 18 cm in length, and the selected adsorbents were 
loaded into the column to achieve the required bed heights. A peristaltic pump was used to force the dye 
solution into the column and allow it to run through the sorbent bed where sorption occurred. The 
samples flowing through and exiting the top of the column were collected and tested for the dye 
concentration. The effects of the bed height (2, 4.5, and 6 cm), flow rate (2, 4, and 6 mL/min), and inlet 
dye concentration (100, 200, and 300 mg/L) were studied, and breakthrough curves were obtained (Sazali 
et al. 2020). The data in the column were analyzed using the Thomas and Yoon–Nelson models to 
interpret the effects of each parameter. 

3.2.1 Influence of bed height on RB adsorption 

The influence of adsorbent bed height on the removal efficiency of the biochar adsorbents towards RB 
dye was initially investigated by increasing the bed height from 2 cm to 6 cm, while constantly maintaining 
the dye concentration at 100 mg/L and the rate of flow at 2 mL/min. It was observed from Figure 8 that 
S-shaped break-through curves were obtained for all depths but the slope of the break-through curves 
declined with the increase in bed depth, the steepness of the curve decreased with the increase in bed 
height. Breakthrough curves proved that as bed heights increased, correspondingly breakthrough and 
saturation times increased, this might be because of the presence of more binding sites on the adsorbent 
surface for the molecules.  An increase in bed height leads to a decrease in axial depression which results 
in the diffusion of dye molecules into the surface of the adsorbent.  More volume of effluent gets treated 
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at a longer saturation time. At 6 cm bed height, a high removal efficiency of 69.1% was reported for 
ALPJC and 64.7%, 62.4% for ALPPC, ALBPC respectively. 

       

Fig. 8 Influence of bed height on RB adsorption 

3.2.2 Influence of flow rate on RB adsorption 

The influent flow rate is an important parameter for evaluating the effectiveness of adsorbents. In this 
study, different flow rates (2, 4.5, and 6 mL/min) were used to determine the effect of varying flow rates 
on the breakthrough curves (Figure 9) for RB adsorption onto the biochar adsorbents. Figure 8 shows 
that lower flow rates resulted in longer breakthrough and saturation times. At higher flow rates, the 
breakthrough point and saturation occurred quickly, and the adsorption capacity was reduced owing to 
the insufficient residence time of the solute in the column. Similar observations have been reported by 
several researchers (Chowdhury et al. 2020). An increase in the flow rate resulted in a shorter saturation 
time. The removal efficiency was maximum at 2 mL/min, with ALPJC exhibiting a high efficiency of 
66.17% and ALPPC and ALBPC exhibiting efficiencies of 63.75% and 61.25%, respectively. 

     

Fig. 9 Influence of Flow rate on RB adsorption 

3.2.3 Influence of inlet concentration on RB adsorption 

The influence of the inlet dye concentration on RB adsorption onto the biochar adsorbents was studied 
by varying it from 100 mg/L to 300 mg/L at a constant flow rate of 2 mL/min and a bed height of 6 cm, 
as shown by the breakthrough curve in Figure 10.  At the highest concentration of 300 mg/L, the 
breakthrough curves became steeper, and the adsorbent bed tended to become saturated more quickly 
(Sivakumar and Palanisamy 2020). The breakthrough curves were flatter at lower concentrations, and a 
decrease in the initial MB concentration resulted in an extended breakthrough curve, indicating that a 
higher volume of the solution could be treated. At an inlet dye concentration of 100 mg/L, ALPJC 
exhibited a higher removal efficiency (67.7%) than ALPJC and ALBPC (65.5%, 63%, and 62.9%, 
respectively). 
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Fig. 10 Influence of inlet concentration on RB adsorption 

3.3 Column kinetic study 

Many mathematical models have been formulated to ascertain and predict the dynamic behavior of 
column beds. Two well-known and reliable models (Thomas model, Yoon model, and Nelson model) 
were used to analyze the column performance. 

3.3.1 Thomas model 

The Thomas model plots at variable bed height, flow rate, and inlet dye concentration are presented in 
Figure 11, Figure 12, and Figure 13, respectively. 

 

Fig. 11   Thomas model plots for RB adsorption – Influence of bed height 

 

 

Fig. 12   Thomas model plots for RB adsorption – Influence of flow rate 
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Fig. 13   Thomas model plots for RB adsorption – Influence of inlet dye concentration 

It was observed that both the qo (adsorption capacity) and Thomas constant KTH values declined with an 
increase in the inlet dye concentration and flow rate. However, the values increased with an increase in 
the bed height. The Thomas model shows only a moderate fit to the experimental data, and is indicated 
by a low range of correlation coefficient values (R2). 

3.3.2 Yoon-Nelson (Y-N) model 

The Y-N model was employed to determine its applicability for the column-mode adsorption study of RB 
dyes using biochar adsorbents. The Y-N plots for RB dye adsorption at various bed depths, flow rates, and 
inlet dye concentrations are shown in Figure 14, Figure 15 and Figure 16, respectively. 

          

Fig. 14   Y-N model plots for RB adsorption – Influence of bed height 

 

 

Fig. 15   Y-N model plots for RB adsorption – Influence of Flow rate 
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Fig. 16   Y-N model plots for RB adsorption – Influence of inlet concentration 

It was observed that the Y-N constant KYN increased with an increase in the bed height and inlet 
concentration but declined with an increase in the flow rate. It was observed that the τ values declined 
with an increase in the flow rate and inlet dye concentration, which could be due to the rapid saturation 
of the column at higher flow rates. However, it increased with increasing bed height as the accessibility of 
the adsorption sites increased. The Y-N model best suited the experimental data, with R2 values between 
0.889 and 0.993. 

3.4 Desorption studies 

To examine the possibility of reusing the adsorbents in the biosorption process, regeneration experiments 
were conducted for three repeated sorption-desorption cycles.  To study the desorption efficiency of 
biochar, several elutants, such as HCl, H2SO4, HNO3, NaOH, and deionized water, were examined for 
their potential to elute TB and RB dyes (Patel 2021).  

 

  

                            

  

                                     

Fig. 17 Desorption potential of ALPPC on different elutants and Regeneration Cycles - ALPPC 

 

                                    

                              

 

 

 

Fig. 18 Desorption potential of ALBPC on different elutants and Regeneration Cycles –ALBPC 
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Fig. 19(a) Desorption potential of ALPJC on different elutants and Regeneration Cycles - ALPJC 

Figure 17, Figure 18 and Figure 19 show the desorption efficiencies of different elutants on the 
adsorbents.       

4. CONCLUSION 

The present investigation showed that alginate-modified biochar beads prepared from three agricultural 
biomasses (pumpkin peel, plantain flower bracts, and mesquite tree bark) are promising adsorbents for 
Rhodamine B removal from aqueous solutions. Characterization processes highlighted the potential of 
biochar adsorbents, showing notable physicochemical attributes, extensive surface area, pore distribution, 
and functional groups crucial for efficient dye removal. Adsorption studies in column mode for all 
adsorbents indicated that dye removal efficiency, breakthrough time, volumetric efficiency, and 
exhaustion time increased with bed depth but declined with flow rate. Adsorption depended on bed 
depth, flow rate, and influent dye concentration. Experimental column adsorption data were fitted using 
Thomas and Y-N models. For the Thomas model, adsorption capacity q0 and constant KTH decreased 
with increasing inlet dye concentration and flow rate, while increasing bed height increased both q0 and 
KTH values. For the Yoon-Nelson model, constant KYN increased with bed height and inlet 
concentration but decreased with flow rate. τ values decreased with increased flow rate and inlet dye 
concentration. The Y-N model best fitted the experimental data, with correlation coefficients between 
0.845-0.985. Results indicated that alginate composite beads derived from Prosopis juliflora (ALPJC) are 
promising for color removal from aqueous solutions. It is economically viable and abundantly available, 
making it suitable for treating dye-bearing wastewater. This can be further studied for real-time industrial 
wastewater treatment. Continuous mode studies revealed adsorption effectiveness in the order, ALPJC > 
ALPPC > ALBPC. 
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