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Abstract 

Eco-friendly biomaterial was prepared from piliostigma fruits wild bio-

waste. The structure, morphology, chemical composition and 

crystalline phase of the prepared biosorbent was systematically 

characterise using some modern techniques like Fourier transform 

infrared spectroscopy (FTIR), Scanning electron microscopy (SEM), 

X-ray fluorescence spectrophotometry fundamental parameters (XRS-

FP) and X-ray Diffraction (XRD). Piliostigma biomaterial was applied 

in the removal of Bromophenol Blue (BPB) dye from aqueous solution 

using batch mode under optimum conditions. The optimum BPB dye 

adsorbed was 13.7 mg/g at pH 6 for a contact time of 60 min with 

adsorbent dose of 0.01 and a concentration of 40 mg/L. the adsorptive removal process followed pseudo-second 

order kinetic with high R2= 0.98, suitable uptake capacity qe= 5.27 mg/g and fitted best the Dubinin Radushkevich 

equilibrium isotherm model that correlate chemisorption mechanism with low energy E= 0.364 kJ/mol, R2= 0.97 

and qe= 14.02 mg/g. these results suggest that prepared biosorbent is a new promising material that have potential 

applications in the treatment of effluent containing dye pollutant. 

 
 

1. Introduction  

Numerous biomaterials have been used to improve water quality in recent years. One of 

the main causes of pollution of expanses of water is industrial waste, which has a negative 

impact on the environment[1].  Organic dyes represent effective chemical hazard encountered 

in our environment as organic pollutants[2]. About 1.6 million tons of dyes are being 

manufactured annually; 10-15% of which are being discarded in the form of unprocessed 

wastewater effluent into the aquatic systems[3] .Bromophenol blue is a non-biodegradable 

synthetic hazardous dye which has wide applications as colour marker in labs, as acid-base 

indicator and for agarose gel electrophoresis; along with applications in drug, cosmetics, textile 

and printing ink industries [4]. Bromophenols have shown serious impact on the ecosystem due 

to their genotoxic, mutagenic and carcinogenic properties[5] . Therefore, the treatment of 

effluent containing such dye has great interest to limit their harmful impacts. Relevant research 

investigations have focused on the removal of dyes such as methylene blue, congo red[6], 

crystal [7], methyl orange, rhodamine B [8] and direct red 80 [9], with only few reports on 

bromophenol blue [6]. Bromophenol blue (BPB), a widely used dye, can easily migrate through 

aquifers and generate widespread pollution of surface waters owing to highly solubility and 
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solubility [10]. Hence, the removal of BPB dye from industrial wastewater through a simple 

and eco-friendly process should be given significant attention. 

Importance of wastewater quality find interest with application of various physicochemical 

treatment methods such as coagulation, chemical oxidation [11], photodegradation, 

nanofiltration [12], bioremediation, flocculation, ozonation[13], photocatalysis [14]and 

adsorption[15], [16] .However, most of these processes are capital intensive, complicated and 

required more chemicals. The adsorption method of pollutants onto biomaterials, known as 

biosorption is the preferred process, due to its simplicity, low cost, effectiveness, 

biodegradability and reusability[6], [17] . Several biomasses have been used for dye removal 

such as rice husk, orange peels, corncob, cotton waste, sugarcane bagasse, just to mention 

few[18]. Based on the concept of Green Chemistry and in the framework of circular economy, 

agricultural biomass waste are potential candidates for the development of materials with 

adsorptive properties[19]. Among them, Piliostigma reticulatum fruits is one of the most 

important wild solid wastes which represents a potential and eco-friendly biomass that can be 

use in water treatment technology. 

To the best of authors’ literature knowledge, there are no studies on the use of piliostigma 

biomass for the removal of BPB and its physicochemical characterisation. This study reports 

for the first time, piliostigma reticulatum characteristics and investigate the adsorption 

capability of BPB. Efficacy of piliostigma biomass over dye retention has been investigated at 

varied key operational parameters such as contact time, adsorbent dose, pH and concentration. 

Equilibrium modelling of isotherms and kinetics were illustrated to analyse the adsorption data 

in other to propose adsorption mechanism and phenomenon. 

 

2. Material and Methods 

 

2.1. Reagents 

 

The dye solid powder of BPB was purchased from REACTIFS RAL (Paris, France). The 

general characteristics and structure of BPB are presented in Table 1. Stock solution of 500 

mg/L was prepared using 0.5 g in 0.5 L of osmotic water and the derived solutions with desired 

concentrations were obtained via dilution process. HCl and NaOH diluted solutions were used 

to adjust the pH values. All chemicals were of analytical grade and used without any further 

purification. 

Table 1. Chemical characteristics and structure of BPB dye. 

 

Characteristic  Bromophenol Blue (BPB) 

Molecular Structure  

 
Chemical formula C19H10Br4O5S 

Molecular weight (g/mol)  669.96 

λmax (nm) 592 
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2.2.  Preparation of Biomaterial 

 

The biomaterial (piliostigma fruit) used in the present study were collected from pont 

palais hills, Mayo-Oulo, North region of Cameroon. The fruits were thoroughly cleaned with 

distilled water and dry in air oven at 105°C for 24h. The dry fruits were crushed using a grinder 

and sieved to get particles less than 315 µm. the obtained biomass was used for characterisation 

and adsorption studies of BPB dye.   

 

2.3.  Characterisations 

 

The elemental and chemical composition of the biomaterial was determined using X-ray 

fluorescence spectrometry Fundamental Parameter (XRS-FP) while the crystallinity was 

examined by X-ray diffraction. The diffraction patterns were recorded from 5 to 80°. The 

biomass powder was structurally and morphologically characterised in a VEGA TESCAN high 

resolution scanning electron microscopy (SEM). The existence of functional groups on the 

surface of the materials was analysed by Fourier transform infrared spectrophotometry (FTIR) 

using Perkin Elmer apparatus at the wavenumber ranging between 4000 cm-1 and 400 cm-1.  

 

2.4.  Batch adsorption experiments  
 

Adsorption experiments were conducted in batch mode where at each run, 20 mL of BPB 

solution with required concentration was added in 50 mL Erlenmeyer flask and agitated on 

magnetic stirrer (VWR Stirrer) for required time at constant speed of 600 rpm. Some key 

operational parameters such as contact time (10-80 min), adsorbent dose (0.01-0.08 g), initial 

pH (4-10) and BPB concentration (15-40 ppm) were studied. After each experiment completed, 

the liquid phase was separated from solid phase by filtration using a microfilter (0.45 µm). The 

initial and residual dye concentration were measured using a UV spectrophotometer 

(SHIMADZU UV-1800, USA 70387) at maximal wavelength value of 592 nm. The adsorbed 

quantity of BPB per gram of adsorbent, qe (mg/g) were calculated using equation (1). 

𝑞𝑒/𝑡=
(𝐶𝑜−𝐶𝑒/𝑡)𝑉

𝑚
                                                     (1) 

Where Co and Ce/t are initial and equilibrium concentration or at specific time of BPB dye 

solution (mg/L) respectively, V is the total volume of BPB dye solution (L) and m stands for 

the mass of adsorbent (g). The removal Yield were also calculated using equation (2). 

𝑅(%)=
(𝐶𝑜−𝐶𝑒)

𝐶𝑜
𝑥100                                            (2) 

 

3. Results and Discussion  

 

3.1. Physicochemical characterisations  

 

3.1.1. X-ray Diffraction (XRD) analysis  

 

XRD analysis was applied to detect the level of crystallinity of piliostigma biomaterial and 

pattern is shown in Figure 1. The peak at 2Ө= 11.46° and 22.66° correspond to peak of 
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crystalline cellulose[20].The peak of 22.66° was defined as a crystallographic plane of 

cellulose[21]. Furthermore, these results are in agreement with the report of Satyanarayan et al. 

[22] when they characterised Canadian biomass for alternative renewable biofuel.  

 

Fig. 1 XRD spectra of piliostigma biomaterial. 

 

3.1.2. Scanning electron microscopy (SEM)  

The SEM was performed to study the microstructure of different sections of piliostigma 

biomaterial sample with different magnifications. According to the detail’s morphology 

aspects, the obtained micrograph of piliostigma biomass shows a gentle surface with no pores 

as shown in Figure 2(a and b). The biomass used in this study had almost negligible pores and 

this observed trend was in agreement with the results obtained by Sahoo et al.[21]. Furthermore, 

it contains a uniform shape and size and highly agglomerated, this may be attributed to the fact 

that no treatment of the biomass was involved. 

 

Fig. 2 SEM spectra of piliostigma biomaterial. 
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3.1.3. Fourier transform infrared spectrophotometry (FTIR)  

 

FTIR spectrum of pristine piliostigma biomaterial is shown in Figure 3. The spectra is 

typical of lignocellulosic biomass and display a series of very sharp absorption peaks due to the 

crystallinity of the samples. As indicated, OH stretching vibration is depicted at 3277 cm-1 due 

to the presence of carboxylic acid, alcohol and moisture[20]  while C-H stretching was observed 

at 2927 cm-1 [6]since no carbonisation and/or activation of piliostigma biomaterial was 

involved. Adsorptions at 1610 cm-1, 1025 cm-1 corresponded to C=O, C-O functional groups 

signifying the existence of ketones, ester, carboxylic acids and aldehydes[21], [23]. The wide 

band at 2160-2020 cm-1 is ascribed to C=C of alkenes[24]. The peak at 1448 cm-1 presented the 

C-H vibrations indicating alkanes [25] while the peak at 1248 cm-1 were attributed to C=C of 

aromatic group. The presence of several functional group on the surface of piliostigma biomass 

as identify by FTIR indicates the potential of this biomaterial to interact with pollutants (BPB 

in solution). 

 

Fig. 3 FTIR spectra of piliostigma biomaterial. 

 

3.1.4. X-ray fluorescence spectrometry fundamental parameters (XRS-FP) 

To better understand the contents in term of chemical and elemental composition of 

piliostigma biomaterial, XRS-FP was performed to identify inorganic elements and mineral 

matters. In the present study, for most part, piliostigma biomass implied maximum percentage 

of O, Ca, K, Mg, Al, Cl and minor percentage of Si, S, Fe as tabulated in Table 2. Similar results 

were reported by Sahoo et al. [26] when the characterised non-edible lignocellulosic biomass 

to elucidate their biofuel production potential. These metalloid elements were also found by Oo 

et al.[27]in the forest and sugarcane leaf biomass.  

Table 2. Elemental composition of piliostigma biomaterial. 

Element O Mg Al Si S Cl K Ca Fe Others 

Concentration(%) 32.302 15.194 4.816 2.050 1.636 3.333 17.837 19.844 1.187 1.8 
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Piliostigma biomaterial exhibited high content of CaO (27.80%) followed by MgO 

(25.20%), K2O (21.50%), Al2O3 (9.10%), SiO2 (4.39%), SO3 (4.09%), Cl (3.30%), Fe2O3 

(1.68%), P2O5 (1.40%) and other components as summarized in Table 3. These results was very 

similar to other reported biomass such as rice husk, cotton stalk, wheat straw, corn stover, 

sorghum stalk, corn cob…etc. Additionally, the oxides in the piliostigma biomass can be 

divided into acidic oxides (SiO2, Al2O3, SO3, P2O5 etc.) and basic oxides (CaO, MgO, K2O, 

Fe2O3) according to their acidic and basic capacities[28] . 

 As shown in Table 3, CaO, MgO, K2O are predominant in the biomaterial with a total 

content of more than 70 wt%. The results suggest that these elements can facilitate the 

interaction between pollutants and the biomaterial trough adsorption process.  

Table 3. Chemical components of piliostigma biomaterial. 

Component SiO2 MgO Al2O3 Fe2O3 SO3 Cl K2O CaO P2O5 Others 

Concentration (%) 4.39 25.20 9.10 1.68 4.09 3.30 21.50 27.80 1.40 1.54 

 

3.2.  Adsorption tests results  

 

3.2.1. Effect of contact time  

 

Equilibrium time is one of the most important parameters in designing the efficiency of an 

adsorbent. It informs about the removal rates of pollutants in adsorption process. It is known 

that high removal at short contact time revealed that film diffusion is a controlling reaction step 

while high removal at long contact time indicates that intraparticle diffusion may be the 

controlling step[29]. The adsorption of BPB dye onto piliostigma biomaterial at initial 

concentration of 15 ppm (pH 4.35) was studied as function of contact time to reach the 

adsorption equilibrium time (see Figure 4). The results reveal that about 38.5% of BPB was 

adsorbed with the maximum of uptake capacity of 5.77 mg/g at an equilibrium time of 60 min. 

this result indicates that the intraparticle diffusion contribute to the rate determining step. El-

Gamal et al.[29] observed similar phenomenon when removing methyl orange and BPB in 

aqueous solution with Sorel’s cement. 

 

Fig.4 Effect of contact time.  
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Catalyst dose is considered as a key factor for choosing solid when dealing with the 

removal of organic wastes. A higher uptake quantity of pollutants in a short mass and 

establishment of equilibrium means high efficiency of the solid towards the removal of organic 

pollutants. This shows its ability for quantitative removal of BPB of initial concentration of 15 

ppm and fixed pH of 4.35. The obvious trend of increase in removal percentage and a decrease 

in adsorption adsorbed capacity is shown with the adding of piliostigma biomaterial dose (see 

Figure 5). Increment of removal percentage of BPB by raising the mass of catalyst is observed 

and reach a percentage of 59.31% with 0.08 g of piliostigma biomaterial from Figure 5. 

However, a decrease of adsorbed amount is shown with the addition of adsorbent dose. The 

best uptake capacity is obtained with a catalyst dose of 0.01 g. these results implemented that 

rapid increase of adsorption percentage with raising adsorbent dose is due to the important 

driving force it causes towards BPB, availability and more active sites. This means there is 

lower dye molecules in vacant site that leads to higher migration and diffusion of BPB 

molecules. The higher uptake quantity of pollutants at lower mass is attributed to the best 

dispersion of adsorbent in the medium with absence of formation of aggregate that masked 

some active site.  This trend is in agreement with the report of Ghaiedi et al.[30] when they 

removed BPB in aqueous solution using activated carbon from Astragalus bisulcatus tree.  

 

Fig. 5 Effect of adsorbent dosage.  
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in literature[6], [30] . Piliostigma biomaterial has lower adsorption capacity of BPB at high pH 

can be ascribe to electrostatic repulsion between negative form of BPB in solution and the 

negative charge of the surface while we observe high uptake capacity of BPB at lower pH which 

signifies electrostatic attraction between BPB and the positive surface sites of the 

biomaterial[31]. This result establishes the fact that BPB adsorption is favourable at neutral pH 

which occurs in real industrial wastewater.    

 

Fig. 6 Effect of pH.  
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Fig. 7 Effect of initial BPB dye concentration.  

 

3.3. Kinetics modelling analysis  

Adsorption kinetics determine how fast BPB is removed from solution using piliostigma 

biomaterial. It is an important tool for economic reason, as well in designing adsorption system. 

Kinetics study is a vital aspect that helps for understanding the reaction mechanism of BPB dye 

adsorption. Best fitting of experimental data in this present trend was verified through several 

reaction control models corresponding to these four: pseudo-first order, pseudo-second order, 

Elovich and Intraparticle diffusion. All equations are summarised in Table 4 below. 

 

Table 4. Linear and Nonlinear kinetics model equations. 

Kinetic models Linear equations  Non-linear equations  References 

Pseudo first order        ln (𝑞𝑒 − q𝑡)=lnq𝑒 − K1 t      q𝑡 = 𝑞𝑒[1 − exp(−𝐾1𝑡)]   [33] 

Pseudo second order    
𝑡

q𝑡
=

1

𝐾2q𝑒
2 +

𝑡

q𝑒
                       q𝑡 =

q𝑒
2𝐾2𝑡

1+q𝑒𝐾2𝑡
                       [34] 

Elovich                        𝑞𝑡 =
1

𝛽
 ln(𝛼𝛽) +

1

𝛽
𝑙𝑛𝑡          q𝑡 =

1

𝛽
 ln(1 + 𝛼𝛽𝑡)          [33]       

Intraparticle diffusion  q𝑡 = 𝑘𝑖𝑛𝑡√𝑡 + 𝑐                     q𝑡 = 𝑘𝑖𝑛𝑡√𝑡 + c                  [34] 

   

where qt and q𝑒 (mg.g-1) is the amount of adsorbed at any time t and at equilibrium 

respectively. 𝑘1 (min−1) is the rate constant of pseudo first order and k2 (g.mg-1min-1) is the rate 

constant of pseudo-second order of the adsorption process. 𝑘int is the intraparticle diffusion rate 

constant (mg.g-1.min-1/2) and c represents the value of the thickness of the boundary layer (mg.g-

1). α refers to the initial adsorption rate (mg(g.min)-1) and β is related to the activation energy 

for chemisorption (g.mg-1).  

Kinetic parameters derived from fitting adsorption data of BPB dye are collected in Table 

5 and the representative nonlinear plots are presented in Figure 8. As implemented, the 
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adsorption of BPB on piliostigma biomaterial showed good nonlinear plot of pseudo-second 

order and intraparticle diffusion rather than pseudo-first order and Elovich. The R2 (0.98) value 

is closer to 1 and the calculated uptake capacity (qecal) of pseudo-second order matched well 

with the one of experimental data (qexp). These results lead to the conclusion of higher affinity 

and fast bonding of BPB molecules to the surface of piliostigma biomaterial. In addition, the 

rate constant K2 is higher than others indicating faster equilibrium of BPB uptake desired in 

adsorption system for practical application in industrial wastewater treatment. The highest 

value of thickness shows that the intraparticle diffusion contribute to the rate determining step 

as provided by high contact time. The results of this trend suggest that, adsorption process 

follows chemisorption mechanism as can be confirmed by FTIR with functional groups, XRS-

FP with various components that can provided electrostatic interaction and SEM which shows 

lower presence of pores.    

 

Fig. 8 Nonlinear plot of kinetic models. 
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Dubining Raduskevich model. The regression equation of both models are collected in Table 

6. 

Table 6. Linear and Nonlinear isotherm models equations. 

Models Linear equation Non-linear equation References 

Langmuir 

  

1

q𝑒
=

1

q𝑚𝐾𝐶𝑒
+

1

q𝑚
 q𝑒 =

q𝑚𝐾𝐿𝐶𝑒
1 + 𝐾𝐿𝐶𝑒

 

𝑅𝐿 =
1

1 + 𝐾𝐿𝐶0
 

[35] 

Freundlich lnq𝑒 = 𝑙𝑛𝐾𝐹 +
1

𝑛
𝑙𝑛𝐶𝑒  𝑞𝑒 = 𝑘𝑓𝑐𝑒

1
𝑛⁄  [36] 

Dubinin-

Radushkevich 
𝑙𝑛𝑞𝑒 = ln 𝑞𝑚𝑎𝑥 − βℇ2  

q𝑒 =  𝑞𝑚𝑎𝑥𝑒𝑥𝑝 [
𝑅𝑇𝑙𝑛(1 +

1
𝐶𝑒
))²

−2𝐸𝑎2
] 

  

𝐸 = (2β)
−1

2⁄  

[37] 

 

The Langmuir model assumes a monolayer adsorption mechanism where the adsorbent 

had fixed number of active sites of similar activation energy and affinity toward the adsorbate. 

In this model, the steric limitation between the adjacent adsorbate species was ignored[35] . 

q𝑚ax and KL are the Langmuir constants which are related to the adsorption capacity.  

The Freundlich adsorption isotherm suggest a multilayer adsorption mechanism where various 

sites with different adsorption energies are involved[36]. It is assumed that the heterogeneous 

surface of adsorbent exhibits non-uniform distribution of adsorption heat instead of exponential 

decrease upon the end of adsorption process. K𝐹 and 𝑛 are the Freundlich constants which are 

related to adsorption capacity and intensity. 

The Dubinin-Radushkevich model is generally used for adsorption mechanism with a 

Gaussian energy distribution onto heterogeneous surface. Through this isotherm, it is possible 

to analyse more deeply the type of adsorption [37]. 

The related non-linear plots corresponding to these isotherms model are presented in 

Figure 9 and the calculated parameters are collected in Table 7. As shown in Figure 9 the 

Dubinin-Radushkevich isotherm fitted best the experimental data as depicted by the highest 

R2(0.97) and the calculated amount adsorbed (qe,cal= 14.02) is more closer to the experimental 

value (qe,exp= 13.70) than Langmuir and Freundlich isotherm model. The n constant of 

Freundlich model exhibited high affinity of the BPB molecules with the piliostigma biomaterial 

that is ascribed to high electrostatic interaction. The highest value of Kf indicates multilayer 

binding of BPB onto heterogeneous surface of piliostigma biomass attributed to organic and 

inorganic components presence on the surface of the adsorbent as confirmed by the results of 

FTIR and XRS-FP. The dimensionless constant of Langmuir Rl (0.17) implemented a 

favourable adsorption of BPB[38] onto piliostigma biomaterial. The adsorbed quantity of 

piliostigma biomaterial was compared with other adsorbents applied previously for the 

adsorption of BPB dye, as presented in Table 8.  

Although the prepared biomaterial in this trend implemented lower adsorbed amount 

compare to numerous adsorbents in literature, it adsorption is much higher than MApe, MApe-
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Mt (6.04 and 8.12 mg/g) [6], Fe3O4-CuO-AC (0.088 mg/g)[39], ZnO nanoparticles (3.24 

mg/g)[40]. Furthermore, the prepared biomaterial offers the possibility to proceed at pH 6 

which is suitable for industrial real wastewater. The simple, abundant and eco-friendly nature 

of the prepared biomaterial would be it main advantages for practical applications.    

 
Fig. 9 Nonlinear plot of isotherm models.  

 

Table 7. Calculated parameters for isotherms of BPB dye adsorption. 

Material qexp 

Langmuir Freundlich Dubining Raduskevich 

qm kL RL R² Kf n R² qm B E R² 

Biomass 13.70 17.76 0.12 0.17 0.92 4.51 3.02 0.79 14.02 3.77E-06 0.364 0.97 

 

Table 8. Comparative table of operational parameters and adsorption capacities for the 

removal of BPB dye by other alternative adsorbents.  

Catalyst pH 
Dosage 

(g) 

Concentration 

(mg/L) 

Time 

(min) 

qe 

(mg/g) 
References 

MApe  

MApe-Mt 

4.0 

4.0 

0.100 

0.100 

50 

50 

240 

240 

6.0400 

8.1200 
[6] 

Fe3O4-CuO-AC  5.3 0.100 10 120 0.0886 [39] 

CoFe2O4 6.5 0.400 20 120 / [12] 

Activated Carbon 1.0 1.000 10 50 23.450 [30] 

Sorel’s cement 

nanoparticles 
8.3 0.250 25.14 90 16.390 [29] 

Chitin nanoparticles  6.0 0.015 15 50 22.720 [41] 

Graphene Oxide  7.0 0.010 15 10 17.940 [42] 

PAN nanofibers 

PAN-CD nanofibers 

6.0 

6.0 

0.035 

0.035 

25 

25 

240 

240 

42.017 

79.365 
[43] 
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RAL 

ALB 

CAL 

3.0 

3.0 

3.0 

0.010 

0.010 

0.010 

100 

100 

100 

60 

60 

60 

365.36 

535.65 

730.46 

[44] 

ZF 

NZF 

6.0 

6.0 

0.500 

0.500 

5 

5 

60 

60 

10.790 

16.170 
[45] 

ZnO nanoparticles  4.0 0.100 50 180 3.2400 [46] 

Hermetia biosorbent 4.0 0.020 200 20 192.00 [47] 

Piliostigma biomaterial  6.0 0.010 40 60 13.700 This study 

 

Conclusion 

 

Being a useless and abundantly available wild bio-waste, piliostigma reticulatum fruits can 

be used as an eco-friendly and environmentally biosorbent for wastewater treatment. 

Piliostigma biomaterial was efficient in the removal of bromophenol blue dye as successfully 

demonstrated by adsorption experiment design and characterisation techniques that provided 

information on organic and inorganic composition (FTIR, XRS-FP), morphology (SEM) and 

crystallographic view (XRD) of the material. The best removal results obtained from key 

operational parameters were at pH 6 with 0.01g of biosorbent and BPB dye concentration of 40 

mg/L for a contact time of 60 min. The pseudo-second order kinetic fitted best the experimental 

data at equilibrium time with an uptake capacity similar to the calculated value (qexp =5.77 mg/g 

and qecal =5.27 mg/g) and higher correlation coefficient (R2= 0.98). The Dubinin-Radushkevich 

equilibrium isotherm fitted adequately the experimental results whose adsorption maximum is 

14.02 mg/g compare to 13.70 mg/g. these results revealed that, the interaction between the 

adsorbent and BPB dye follows chemisorption process as can be seen from low adsorption 

energy (0.364 kJ/mol). Piliostigma biomaterial presents a compatible performance toward 

removal of BPB dye event if it has affinity with other materials in literature. Piliostigma 

biomaterial differs from others because it is easy to prepare since no chemical reagent was 

involved, abundant, available and low cost. Therefore, its characteristics and qualities make it 

a suitable solid as a potential technology implemented on wastewater scale for the removal of 

pollutants such as BPB dye.  
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